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Abbreviations

Abbreviations and Definitions

Abbreviation Description

the Project Kocaeli North Light-Rail Transit (Kérfezray Metro) Project
“Metgin-Eze-Atis JV” or | Metglun-Eze-Atis Joint Venture

“Client”

Metgln Metglin insaat Taahhiit ve Ticaret A.S.

Eze Eze insaat A.S.

Atis Atis Asfalt Taahhiit ingaat Sanayi ve Ticaret A.S.
WSP WSP Danigmanlik ve Mihendislik Ltd. $ti.

AYGM General Directorate of Infrastructure Investments
CCRA Climate Change Risk Assessment

CMIPs Coupled Model Inter-comparison Projects

EPC-F Engineering, Procurement, Construction and Financing
EPFls Equator Principles Financial Institutions

EPs Equator Principles

ESIA Environmental and Social Impact Assessment
GFDRR Global Facility for Disaster Reduction and Recovery
GHG Greenhouse Gas

HVAC Heating, Ventilation, and Air Conditioning

IPCC Intergovernmental Panel on Climate Change

LTS Long-Term Strategies

MoTI Ministry of Transport and Infrastructure

NCCs National Climate Commitments

NDCs Nationally Determined Contributions

SCADA Supervisory Control and Data Acquisition

TCFD Task Force on Climate-Related Financial Disclosure
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1. INTRODUCTION

Metgin-Eze-Atis Joint Venture (“Metgin-Eze-Atis JV” or “Client”) retained WSP Danigsmanlik ve
Muahendislik Ltd. Sti. (herein after “WSP”) to prepare the Environmental and Social Impact Assessment
(“ESIA”) for the Kocaeli North Light-Rail Transit (Kérfezray Metro) Project (“the Project”) in compliance
with the national and international requirements.

Climate change is a multifaceted and complex issue that can lead to serious environmental and
socioeconomic consequences and even threaten the security of countries. The impacts of climate change
have become one of the most important challenges for the life of future generations.

This report presents a Climate Change Risk Assessment (“CCRA”) for the evaluation, at present and in
the future, of the potential climate-related events that could affect the Project and that may exacerbate as
a consequence of the climate change.

Within this framework stands the revision and release of the Equator Principles’ (EPs, version IV) which
is a risk management framework adopted by financial institutions for determining, assessing, and
managing environmental and social risks in projects and is primarily intended to provide a minimum
common standard for due diligence and monitoring to support responsible risk decision-making. Currently
more than 110 Equator Principles Financial Institutions (“EPFIs”) have officially adopted the EPs, covering
the majority of international project finance debt within developed and emerging markets. The EPs
categorize projects that are financed by EPFls based on the environmental and social impacts that they
generate and the risks that they may pose to financing. Category A projects have the highest risks, while
category C is used for low-risk projects.

According to EPs IV, a CCRA is required to be undertaken:

m  For Category A and, as appropriate, Category B projects. For these projects, the CCRA has to include
consideration of relevant climate-related ‘Physical Risks’ as defined by the Task Force on Climate-
Related Financial Disclosure (“TCFD”)2.

m  For all projects, in all locations, when combined Scope 1 and Scope 2 emissions are expected to be
more than 100,000 tons of CO, equivalent annually. For these projects, the CCRA is to include
considerations of climate-related ‘Transition Risks’ (as defined by the TCFD). The CCRA must also
include a completed alternatives analysis which evaluates lower greenhouse gas (“GHG”) intensive
alternatives.

As per the environmental and social categorization criteria of the applicable standards, and based on the
available data, the potential scale, complexity and type of the environmental and social impacts and risks
presented by the Project, the Project is categorised as “Category A”. However, since combined emissions
of the Project are below 100,000 tons of CO; equivalent annually (Please see Section 2.2), only Physical
Risks are included in this CCRA Report.

' The Equator Principles Association, 2020 (The Equator Principles_EP4_July2020 (equator-principles.com).

2 Task Force on Climate-Related Disclosures (TCFD), Recommendations of the Task Force on Climate-related Financial Disclosures, June
2017.
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The TCFD Recommendations on Climate-related Financial Disclosures state that “Physical risks resulting
from climate change can be event driven (acute) or longer-term shifts (chronic) in climate patterns”.

Acute physical climate risks can include increased severity and frequency of droughts, storms, floods, heat
waves and wildfires. Chronic physical climate risks can include sea level rise and longer-term temperature
increase. Climate-related Physical Risks may include a variety of effects:

m  Direct damage to assets, as a result of extreme weather events (i.e., drought, storms) or rising sea
levels.

= Changes in water availability, sourcing and quality, often with consequent social impacts.

m  Disruption to operations, ability to transport goods and supplies and impacts on employee/community
safety, and more.

This assessment should be considered a screening level CCRA aimed at supporting the Environmental
and Social Assessment process in the frame of the EPs IV provisions. This CCRA relies on the
interpretation of the results of modelling of future climatic conditions which have an inherent high level of
uncertainty, and on the identification of the Project vulnerability that are based on a feasibility level of
definition. The conclusions and recommendations are meant to guide the Client in defining an appropriate
Risk Management framework and should not be relied upon in the design and sizing of specific
infrastructures, nor in taking financial decisions regarding the feasibility or level of exposure to future
damages or losses related to climate change.
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2. PROJECT BACKGROUND

The Project comprises the construction of approximately 29 km of metro alignment, with a total of 58 km
of track installation (dual track), including 19 stations across the Koérfez, Derince, izmit, Basiskele and
Kartepe Districts of Kocaeli Province and a storage and parking area for the trains. Starting at the TlUpras
Petkim (Refinery Plant) located in Korfez District, the Project Route passes through the Derince District
and continues toward the Nation’s Garden in Derince District and Seka Park in izmit District before
reaching the city centre. After passing through the city centre, the route extends to the Kocaeli Intercity
Bus Terminal and ultimately concludes at Ozdilek Station in Kartepe District. Following the Ozdilek Station,
a train storage and parking area, and an approximate 2.7 km train storage and parking area connection
line will also be constructed as part of the Project.

The Project, whose construction contractor is Metglin-Eze-Atis JV, was planned by the Ministry of
Transport and Infrastructure (“MoTI”), General Directorate of Infrastructure Investments (abbreviated in
Turkish as “AYGM”, Altyapi Yatirrmlari Genel Mudurligi”). Accordingly, the Engineering, Procurement,
Construction and Financing (“EPC-F”) Contract for the Project was signed between AYGM and Metgln-
Eze-Atis JV on June 27%, 2024. Metgiin-Eze-Atis JV is developed by Metgiin insaat Taahh(t ve Ticaret
A.S. (“Metglin”), Eze ingaat A.S. (“Eze”) and Atis Asfalt Taahhiit ingaat Sanayi ve Ticaret A.S. (“Atis”).

After the completion of the construction works by Metgiin-Eze-Atis JV, the Project will be commissioned
with its transfer AYGM to Kocaeli Metropolitan Municipality including all the structures and other elements
(i.e. stations, storage parking area for trains, etc.) included in the EPC-F Contract. The Project will be
operated by the Kocaeli Metropolitan Municipality. Metglin-Eze-Atis JV will not be involved in the operation
phase of the Project.

Within this regard, the construction phase of the Project is planned to be completed till the beginning of
2029 and will last for approximately 55 months, while operation phase of the Project is planned as 30
years.

Apart from that, to date there is no information available regarding the expected lifetime of the Project and
decommissioning is not warranted at an estimated time. Decommissioning of the metro line is not
anticipated in the foreseeable future.

2.1 Preliminary NCC/NDCs Compatibility Review

Parties to the Paris Agreement have been obliged since 2015 to submit Nationally Determined
Contributions (“NDCs”), or national climate action plans. While not required, countries are also encouraged
to submit Long-Term Strategies (“LTS”) for a low-carbon economy.

The primary means via which nations publicly declare their self-defined intentions for establishing long-
term decarbonization targets to keep global temperature rise below 1.5 degrees Celsius and to set goals
for improving climate resilience are the NDCs filed under the Paris Agreement.

As outlined in the EPs IV Guidance Note on Climate Change Risk Assessment, the purpose of the
preliminary National Climate Commitments (“NCCs”) compatibility review of physical risks of a project is
to assess its alignment with the host country's NCCs and relevant global adaptation objectives under the
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Paris Agreement. This includes objectives such as enhancing adaptive capacity, strengthening resilience,
and reducing vulnerability to climate change, all with the aim of contributing to sustainable development.

Accordingly, Tirkiye’s Second Nationally Determined Contribution (NDC 3.0) Report® dated November
10%", 2025, presents a broad, economy-wide plan to slow and then reverse the growth of GHG emissions
on the pathway to its long-term net-zero vision, combining domestic reforms with a clear message that
international finance, technology transfer, and capacity building will be important to deliver the full
transformation. Rather than relying on a single policy lever, the NDC links mitigation to a wider package
of actions including scaling up renewable power, improving energy efficiency, accelerating electrification
across sectors, strengthening circular-economy and waste policies, and building stronger governance,
monitoring, and compliance systems. Based on that, transportation is one of the key aspects considering
that shifting mobility patterns can deliver visible, day-to-day benefits such as lower fuel dependence, while
also cutting air emissions, and Turkiye’s policy direction emphasizes moving people and goods away from
road dependence toward cleaner modes. Accordingly, rail, metro, and other urban rail systems become
especially important, since expanding and modernizing railways supports a modal shift for intercity travel
and freight, while metros and trams help cities reduce private car use by providing fast, reliable alternatives
that are well suited to electrification.

On the other hand, Tirkiye's 12" National Development Plan?, prepared for the period of 2024-2028, and
long-term strategy towards 2053, accommodate its increasing climate ambition by harmonizing climate
targets and economic growth, streamlining the sustainable development approaches in all sectors,
including the transport sector, primarily based on efficiency.

Within this regard, the Project is anticipated to reduce traffic congestion, particularly within the city centre,
alleviating pressure on high-traffic zones, promoting low carbon transportation options, and decreasing the
reliance on fossil-fuel-based vehicles in the short term.

In the long term, the Project aims to support the development of a sustainable transportation infrastructure
that is compatible with urban planning and responsive to Kocaeli’s future growth and spatial expansion. It
seeks to strengthen intra-city and inter-city connectivity through an expanded transportation network,
ensure integration among different transport modes, promote equitable and inclusive access to various
parts of the city, and reinforce environmental sustainability within long-term planning frameworks.

Overall, the Project’s goals and expected results are aligned with Turkiye’s NDC 3.0 priorities, particularly
the transition toward cleaner mobility through rail and urban public transport. By reducing reliance on road
traffic and fossil-fuel vehicles, and improving integration between transport modes, the Project is expected
to contribute to lowering transport-related GHG emissions while supporting more efficient, inclusive, and
resilient urban development.

2.2 Calculated GHG Emissions

The Project's GHG inventory has been assessed for both construction and operation phases in
consideration with Scope 1 and Scope 2 emissions to be emitted as a result of project activities. Within
this regard, GHG emissions were calculated for the below given activities.

3 https://unfccc.int/sites/default/files/2025-11/The %20Second%20NDC%200f%20T % C3%BCrkiye.pdf

4 https://www.sbb.gov.tr/wp-content/uploads/2023/12/On-Ikinci-Kalkinma-Plani_2024-2028 11122023.pdf
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Table 2.1

Phase

Construction

GHG Emission Sources of the Project

Source

Segment Facility — Combustion of Natural Gas

GHG Emissions

Emissions from Segment Facility

Generators - Combustion of Diesel Oil

Emissions from the generator

Vehicles - Combustion of Diesel Oil

On-site vehicle emissions, due to diesel
combustion

Electricity Consumption

Indirect emissions due to used electricity

Loss of Carbon Sink

Reduction of carbon sink due to loss of
vegetation

Operation

Electricity Consumption

Indirect emissions due to used electricity

Based on that, annual GHG emissions for construction and operation phases of the Project are calculated
as 14,894.2 t CO.e/year and 54,944.5 CO.elyear, respectively, within the Section 7.1.7 of the ESIA Report.
According to the outcomes of this analysis, a transition risks analysis has not been included in this risk

assessment.
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3. RISK ASSESSMENT
METHODOLOGY

According to the ISO 14091 Standard “Adaptation to climate change — Guidelines on vulnerability, impacts
and risk assessment®” Climate Risk Assessments fulfil diverse objectives depending on the information
needs of a Client, and on challenges caused by climate change. These can include the following:

m  Raising awareness: Risk assessments help increase awareness of the consequences of climate
change.

m [dentification and prioritization of risks: many factors contribute to a system’s sensitivity, exposure and
adaptive capacity. Climate change risk assessments provide insight into these factors and this helps
the Client to prioritize the risks to be addressed.

m [dentification of entry points for climate change adaptation intervention: the final results and the process
of risk assessment can help identify possible adaptation responses. Risk assessments can show
where early action is required.

= Tracking changes in risk and monitoring and evaluating adaptation: repeating risk assessments can
help to track changes over time and generate knowledge on the effectiveness of adaptation.

This section of the CCRA chapter presents an overview of the methodology for CCRA for physical risks
and applies it to the Project. The assessment will result in the identification of physical risks that may affect
the Project within a certain time frame, and in a number of adaptation measures that the Client may
consider and implement to mitigate these risks.

WSP developed a risk assessment methodology based on existing methodologies for the assessment of
climate change risks and vulnerability as part of adaptation strategies. Guidelines and methodologies from
the 1ISO 14091 as well as the Intergovernmental Panel on Climate Change (IPCC)® and the World Bank
Group” were used as a guidance for defining factors that contribute to determine the risk. These
methodologies consider a variety of risk components whose definitions are as follows:

m  Climate-related Hazard: natural or human induced climate-related hazard, such as flood, wildfire,
extreme heat, that can occur at the Project Site. The changes in intensity of hazard related events and
of their probability over-time are influenced by climate change.

m  Exposure: the possibility for a Project in a specific site to be adversely affected by a certain hazard
because of the presence of certain Project services, resources, infrastructures, people and other
Project’s intrinsic elements that are prone to be affected. A Project, depending on its intrinsic nature
and characteristics, may or may not be exposed to a certain hazard that occur at the Project Site.
Exposure is therefore an indicator of if the Project “can or cannot be affected” by a certain hazard.

51S0 14091 gives guidelines for assessing the risks related to the potential impacts of climate change. It describes how to understand vulnerability
and how to develop and implement a sound risk assessment in the context of climate change.

8 The Intergovernmental Panel on Climate Change (IPCC) is the United Nations body for assessing the science related to climate change.

7 The World Bank Group (WBG) is a family of five international organizations that make leveraged loans to developing countries.
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m  Sensitivity: propensity or predisposition of elements of the Project to be affected by a certain hazard.
Sensitivity is a measure of “how much” a Project exposed to a certain hazard can be affected.

m  Adaptive capacity: the ability of the Project to adjust to climate hazard-related events, to mitigate
potential damages, to take advantage of opportunities, or to respond to the consequences.

m  Vulnerability: expresses the magnitude of potential effects and consequences of climate hazard-
related events on elements of the Project. Vulnerability results from the combination of Sensitivity and
Adaptive capacity.

m  Risk: the result of the combination of Hazard probability or intensity at a certain time and the
Vulnerability.

This methodology assesses all different climate-related hazards independently, at present and in the
future, over a time consistent with the temporal scope of the assessment, and according to multiple future
carbon emission scenarios. Workflow of the risk assessment for a specific hazard “h” is explained in Figure
3.1. For each specific hazard, the risk components are assigned a qualitative class (“i.e., “high”, “medium”,
‘low”) and then combined using qualitative matrices, as explained in Figure 3.2. The result is a class of
Risk (“low”, “medium”, “high” or “extreme”) for each climate-related hazard considered in the analysis. An

explanation of criteria for ratings and identification of significance, are given in Table 3.1 and Table 3.2.
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For each HAZARD h

ADAPTIVE CAPACITY (h)

EXPOSURE (h) SENSITIVITY (h)

HAZARD (h) [ ]

Figure 3.1 Workflow of the Risk Assessment for a Specific Hazard “h” the Project is exposed
to, Showing How Different Risk Factors are Combined Across the Analysis

Table 3.1 Criteria of Ratings

Sensitivity Criteria (Degree of impact) Adaptive Capacity Criteria (Ability to

respond)

Highest Extremely vulnerable; severe operational, | Fully resilient with comprehensive adaptation
financial, or environmental consequences. strategies in place.
High High sensitivity; significant performance, | Good adaptation capacity; proactive strategies
safety, or economic impacts. in place, but some risks remain.
Medium Moderate sensitivity; some disruptions or | Moderate  adaptation  capacity; some
costs are expected but manageable. measures in place but requiring
improvements.
Low Low sensitivity; minor or negligible impacts on | Limited adaptation capacity; measures exist
operation and performance. but are insufficient or poorly implemented.
Lowest Resilient; not significantly affected by climate | No adaptation measures; lack of financial,
hazards. technological, or institutional capacity to
respond.
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Table 3.2 Criteria of Hazard Classes

Rating Hazard Class Criteria

High The climate-related hazard is highly likely to occur and/or has the potential to cause
significant disruption to operations, infrastructure, or surrounding communities.

Medium The hazard has a moderate likelihood and/or impact. Some disruption may occur, but
existing mitigation measures can partially address the risk.

Low The hazard has low likelihood and minimal potential impact. Disruptions, if any, are
expected to be negligible and easily managed with existing systems and
infrastructure.

VULNERABILITY
Lowest |Low Medium |High Highest
Lowest Lowest Lowest Low Low Medium
Low Low Low Low Medium | Medium
Medium Low Medium | Medium
High Low Medium
Highest Medium
Figure 3.2  Risk Matrix
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4. CLIMATE CHANGE PHYSICAL RISK
ASSESSMENT

The CCRA that follows is referred to the Project that comprises the construction of approximately 29 km
of metro alignment, with a total of 58 km of track installation (dual track), including 19 stations across the
Korfez, Derince, izmit, Basiskele and Kartepe Districts of Kocaeli Province and a storage and parking area
for the trains. The location map of the Project is presented in Figure 4.1.

Within this regard, the construction phase of the Project is planned to be completed till the beginning of
2029 and will last for approximately 55 months, while operation phase of the Project is planned as 30
years.

The CCRA takes into consideration all project facilities as described in the ESIA Report.

In particular, the CCRA focuses on Project components that could potentially be affected by climate-related
hazards, related to metro line itself including tunnels, stations, train storage and parking area, and
electromechanical systems.
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4.1 Assessment of Hazards

411 Climate Overview — Country Level

Turkiye is located between subtropical and temperate zones. It experiences Mediterranean, Black Sea,
Terrestrial, and Marmara climates, with hot and dry summers, mild and rainy winters, cool summers with
warm and snowy coastal winters, large temperature differences between seasons and days, and a
transitional climate between the others. Turkiye experiences more rainfall in winter and spring, with less
precipitation and higher temperature and evaporation in summer.

Kocaeli Province has a temperate, humid climate with cool, wet winters and warm, humid summers.
Temperatures are generally a few degrees above freezing during the winter period, while summers are
warm. Rainfall occurs year-round and is higher in late autumn and winter than in midsummer, with
December among the wettest months and August among the driest. Snow can occur in winter, but it is
generally infrequent and usually short-lived at low elevations.

4.1.2 Climate Overview — Local Level

4.1.2.1 Historical Data

Meteorological data utilized in this analysis were sourced from Meteorology Stations situated around the
Project Area. Specifically, data were recorded at the Kocaeli-Central Meteorology Station and Kocaeli-
Cengiz Topel Airport Meteorology Station and obtained from the Turkish State Meteorology General
Directorate to establish fundamental conditions for meteorology and climatology.

41.211 Kocaeli-Central Meteorology Station

4.1.2.1.1.1  Air Temperature

According to the observation records of Kocaeli-Central Meteorology Station between 1929 and 2024, the
highest air temperature was recorded in July with 44.1°C, and the lowest air temperature was measured
in February with -18.0°C. Annual average air temperature is 14.9 °C (see Table 4.1 and Figure 4.2).

Table 4.1 Kocaeli-Central Meteorological Station — Air Temperature Measurements (°C) (1929
- 2024)

Months Average Air Temperature Maximum Air Temperature Minimum Air Temperature
January 6.2 249 -13.1

February 6.7 26.7 -18.0

March 8.6 30.8 -6.5

April 13.0 35.0 -1.0

May 17.6 37.2 1.8

June 21.7 40.7 4.0

Kocaeli North Light-Rail Transit (Korfezray Metro) Project

Environmental and Social Impact Assessment Report

Climate Change Risk Assessment Appendix
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’ Average Air Temperature

Months Maximum Air Temperature Minimum Air Temperature
July 23.9 441 10.1
August 24.0 42.9 10.9
September 20.5 40.2 4.9
October 16.2 36.2 24
November 12.2 30.0 -3.4
December 8.5 27.4 -8.8
Annual 14.9 34.7 -1.4
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Figure 4.2  Kocaeli-Central Meteorological Station — Air Temperature Measurements (°C) (1929
- 2024)
4.1.2.1.1.2 Precipitation

According to the observation records of Kocaeli-Central Meteorology Station between 1929 and 2024,
maximum amount of precipitation per month was measured in July with 169.4 mm. The annual average
total precipitation is 814 mm (see Table 4.2 and Figure 4.3).

Table 4.2 Kocaeli-Central Meteorological Station - Precipitation Measurements (mm) (1929 -
2024)
Months Average Total Precipitation Maximum Monthly Precipitation
January 93.0 88.0
February 76.0 55.0

Kocaeli North Light-Rail Transit (Korfezray Metro) Project

Environmental and Social Impact Assessment Report

Climate Change Risk Assessment Appendix
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Months Average Total Precipitation Maximum Monthly Precipitation
March 71.5 47.5
April 51.3 42.0
May 48.4 79.8
June 55.5 98.1
July 44.9 169.4
August 42.8 125.8
September 58.6 125.5
October 85.0 117.3
November 791 60.4
December 107.9 78.0
Annual 814.0 169.4
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Figure 4.3  Kocaeli-Central Meteorological Station - Precipitation Measurements (mm) (1929 -
2024)
4.1.2.1.1.3 Atmospheric Pressure

According to the long term (1929-2024) observation records of Kocaeli-Central Meteorology Station,
maximum atmospheric pressure is observed as 1036 hPa, and minimum atmospheric pressure is 972.7
hPa. Average atmospheric pressure is 1006.7 hPa per year (see Table 4.3 and Table 4.4).

Kocaeli North Light-Rail Transit (Korfezray Metro) Project
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Table 4.3 Kocaeli-Central Meteorological Station - Atmospheric Pressure Measurements
(hPa) (1929 - 2024)

Average Atmospheric Maximum Atmospheric

Minimum Atmospheric

Months | Pressure Pressure Pressure
January 1009.2 1036.0 983.2
February 1008.2 1029.2 984.7
March 1006.9 1027.2 974.0
April 1005.3 1025.1 978.4
May 1005.1 1021.2 988.0
June 1004.4 1016.4 986.0
July 1003.4 1019.7 988.2
August 1004.0 1015.1 989.6
September 1006.7 1020.0 986.8
October 1009.2 1024.1 987.4
November 1009.2 1026.3 972.7
December 1009.2 1035.1 985.1
Annual 1006.7 1036.0 972.7
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Figure 4.4 Kocaeli-Central Meteorological Station - Atmospheric Pressure Measurements
(hPa) (1929 - 2024)
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4.1.21.1.4 Relative Humidity

According to the long-term (1929-2024) observation records of the Kocaeli-Central Meteorology Station,
the annual average relative humidity is 71.9%. Monthly average relative humidity values vary between
67.1% and 75.9% throughout the year (see Table 4.4 and Figure 4.4).

Table 4.4 Kocaeli-Central Meteorological Station - Relative Humidity Measurements (%) (1929
- 2024)
Months ‘ Average Relative Humidity (%) ‘
January 75.9
February 74.5
March 72.7
April 69.1
May 69.5
June 67.1
July 67.5
August 68.9
September 71.0
October 75.3
November 75.5
December 75.5
Annual 71.9
78
76
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= 70
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% 68 —— Average
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64
62
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Figure 4.5 Kocaeli-Central Meteorological Station - Relative Humidity Measurements (%) (1929
- 2024)

Kocaeli North Light-Rail Transit (Korfezray Metro) Project

Environmental and Social Impact Assessment Report

Climate Change Risk Assessment Appendix

2026-05-08 | 25753037_Final_Rev00 22



\\\I)

4.1.2.1.1.5 Evaporation

According to the observation records of Kocaeli-Central Meteorology Station between 1929 and 2024, the
average total evaporation was 1003.4 mm, and the daily maximum evaporation was 27 mm in April.
Evaporation Values for 1929 and 2024 are presented in Table 4.5 and Figure 4.6.

Table 4.5 Kocaeli-Central Meteorological Station - Evaporation Measurements (mm) (1929 -

2024)
Months Average Evaporation (mm) Daily Maximum Evaporation (mm)
January 29.6 4.6
February 35.7 7.9
March 38.2 7.3
April 87.9 27.0
May 121.6 13.0
June 150.6 12.0
July 167.9 14.0
August 150.6 12.0
September 104.4 11.0
October 59.5 7.0
November 31.6 8.5
December 25.8 10.6
Annual 1003.4 27.0
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Figure 4.6  Kocaeli-Central Meteorological Station - Evaporation Measurements (mm) (1929 -
2024)

4.1.2.1.1.6 Wind Distribution
Number of Winds

The total number of the wind blowing measured at Kocaeli-Central Meteorological Station between 1929
and 2024 is given in Table 4.6 and Figure 4.7. As can be seen from the Table 4.6 and Figure 4.7, dominant
wind direction is from the south-east (SE), while the second-degree dominant wind direction is from the
east (E).

Table 4.6 Kocaeli-Central Meteorological Station - Wind Direction Measurements (1929 - 2024)
(blowing from)

Direction ‘ Annual Total Wind
N 55867
NNE 36414
NE 47188
ENE 38936
E 64906
ESE 53384
SE 83822
SSE 41124
S 18804
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Direction Annual Total Wind

SSW 11348
SW 14555
WSW 12577
w 43155
WNW 47795
NW 54689
NNW 31102
Wind Speed

According to data from Kocaeli-Central Meteorology Station between 1929 and 2024, the annual average
wind speed is 1.6 m/s. The maximum monthly wind speed was recorded in March as 35.0 m/s, blowing
from the west-northwest (WNW) direction (see Table 4.7)

Table 4.7 Kocaeli-Central Meteorological Station - Wind Speed Measurements (m/sec) (1929 -
2024) (blowing from)

Average Monthly Wind Speed (m/sec) Maximum Monthly Wind

January 1.6 NW 29.9
February 1.7 W 31.3

March 1.8 WNW 35.0
April 1.8 WNW 28.7
May 1.7 W  32.6

June 1.6 WNW 26.1
July 1.6 NNW 29.4
August 1.5 NNW 26.2
September 14 NNW 27.7
October 1.3 W  26.1

November 1.4 WNW 31.1
December 1.5 SW 28.5
Annual 1.6 WNW 35.0
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Annual Wind Rose Diagram- Number of Winds (blowing from)
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50000
WNW ENE
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SW
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Figure 4.7  Kocaeli-Central Meteorological Station - Wind Speed (m/sec) (blowing from)

4.1.2.1.1.7 Other Parameters

According to the observation records of Kocaeli-Central Meteorology Station between 1929 and 2024:
m  The maximum snow thickness was measured as 90 cm,

= The average annual number of snow days is 11.67,

®m  The number of snow-covered days is 8.77,

®m  The number of foggy days is 8.22,

= The number of hail days is 1.22,

®m  The number of frosty days is 5.65,

m  The number of thunderstorm days is 4.47,

®m  The number of strong windy days is 44.02 days per year, and

m  The number of stormy days is 7.46 days per year.
41.21.2 Kocaeli-Cengiz Topel Airport Meteorology Station

4.1.2.1.21 Air Temperature

According to the observation records of Kocaeli-Cengiz Topel Airport Meteorology Station between 2002
and 2024, the highest air temperature was recorded in July with 41.6°C, and the lowest air temperature
was measured in January with —16°C. The annual average air temperature is 14.2°C (see Table 4.8 and
Figure 4.8).
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Table 4.8 Kocaeli-Cengiz Topel Airport Meteorological Station — Air Temperature
Measurements (°C) (2002 - 2024)

Months Average Air Temperature Maximum Air Temperature Minimum Air Temperature
January 54 26.3 -16.0
February 6.5 27.3 -11.4
March 8.4 30.1 -8.6
April 12.0 34.5 -3.2
May 16.6 34.5 -0.5
June 21.0 38.0 5.7
July 23.3 41.6 7.8
August 23.7 39.4 6.8
September 19.7 38.2 2.8
October 15.2 35.7 -2.1
November 10.9 30.8 -7.4
December 7.2 28.2 -9.8
Annual 14.2 41.6 -16.0
50
40
O 30
2
[<B]
5 20
©
o 10
o
=
L 0
-10
-20
\\;b& \@6 %\é‘ N Q\® \\\}\@ 3 Q;}C} <& 60?} & &
Q Q N ¥ S« R
NS v ¢ &
c® <~ 9

e=@e= \Verage em@umMaximum —e=gesMinimum

Figure 4.8 Kocaeli-Cengiz Topel Airport Meteorological Station — Air Temperature
Measurements (°C) (2002 - 2024)
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4.1.2.1.2.2 Precipitation

According to the observation records of Kocaeli-Cengiz Topel Airport Meteorology Station between 2002
and 2024, maximum monthly precipitation was recorded in December with 104 mm. The annual average
total precipitation is 856 mm (see Table 4.9 and Figure 4.9).

Table 4.9 Kocaeli-Cengiz Topel Airport Meteorological Station - Precipitation Measurements
(mm) (2002 - 2024)

Months Average Total Precipitation Maximum Monthly Precipitation
January 102.9 52.8
February 77.3 56.0
March 80.3 41.5
April 54.7 52.6
May 58.6 37.8
June 61.5 55.6
July 37.5 55.2
August 55.1 92.7
September 53.8 47 .1
October 82.2 56.6
November 81.0 65.9
December 111.1 104.0
Annual 856.0 104.0
120
100
=3
E 80
=
(=]
60
2
S 40
a
20
0
\\\)‘ZS\ Q\\)Q}‘\ \@\d‘\ & %\'S\ e \\}‘\ o@é & (}699} & ) &QQ}
N & ¥ GJQJQ,@I S $§® QQ‘Q

e AVErage  em@umMaximum

Figure 4.9 Kocaeli-Cengiz Topel Airport Meteorological Station - Precipitation Measurements
(mm) (2002 - 2024)
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4.1.2.1.2.3 Atmospheric Pressure

According to the long term (2002 - 2024 ) observation records of Kocaeli-Cengiz Topel Airport Meteorology
Station, maximum atmospheric pressure was recorded as 1032.2 hPa, while the minimum atmospheric
pressure was observed as 975.6 hPa. The annual average atmospheric pressure is 1007.9 hPa (see Table
4.10 and Figure 4.10).

Table 4.10 Kocaeli-Cengiz Topel Airport Meteorological Station - Atmospheric Pressure
Measurements (hPa) (2002 - 2024)

Months Average Atmospheric Maximum Atmospheric Minimum Atmospheric
Pressure Pressure Pressure
January 1010.1 1031.5 981.9
February 1009.8 1028.5 979.9
March 1008.7 1029.0 985.4
April 1007.0 1020.0 979.2
May 1005.9 1020.0 9921
June 1004.6 1015.1 992.5
July 1003.8 1014.0 990.3
August 1004.5 1015.2 991.3
September 1007.0 1020.3 992.9
October 1010.6 1026.8 989.1
November 1011.2 1027 .4 975.6
December 1011.4 1032.2 984.8
Annual 1007.9 1032.2 975.6
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Figure 4.10 Kocaeli-Cengiz Topel Airport Meteorological Station - Pressure Measurements
(2002 - 2024)

4.1.2.1.2.4 Relative Humidity

According to the long term (2002 - 2024 ) observation records of Kocaeli-Cengiz Topel Airport Meteorology
Station the annual average relative humidity is 80.2%, and monthly average relative humidity values range
between 75.8% and 84.8% throughout the year (see Table 4.11 and Figure 4.11).

Table 4.11 Kocaeli-Cengiz Topel Airport Meteorological Station - Relative Humidity
Measurements (%) (2002 - 2024)

Months ‘ Average Relative Humidity (%) ‘
January 83.4
February 81.1
March 791
April 77.6
May 79.4
June 78.0
July 75.8
August 76.3
September 78.6
October 83.9
November 84.1
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Months Average Relative Humidity (%)
December 84.8

Annual 80.2
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Figure 4.11 Kocaeli-Cengiz Topel Airport Meteorological Station - Relative Humidity
Measurements (%) (2002 - 2024)

4.1.2.1.2.5 Evaporation

According to the observation records of the Kocaeli-Cengiz Topel Airport Meteorology Station between

2002 and 2024, evaporation parameters such as annual total evaporation and daily maximum evaporation
are not measured at this station.

4.1.2.1.2.6 Wind Distribution

Number of Winds

The total number of the wind blowing measured at Kocaeli-Cengiz Topel Airport Meteorology Station
between 2002 and 2024 is given in Table 4.12 and Figure 4.12. As can be seen from the Table 4.12 and

Figure 4.12, dominant wind direction is from the east (E), while the second-degree dominant wind direction
is from the west (W).
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Table 4.12 Kocaeli-Cengiz Topel Airport Meteorological Station - Wind Direction
Measurements (2002 - 2024) (blowing from)

Direction Annual Total Wind

N 8315
NNE 12314
NE 15600
ENE 11611
E 23605
ESE 6341
SE 3634
SSE 2486
S 4459
SSW 3018
SW 3675
WSW 7759
w 14800
WNW 5599
NW 4459
NNW 4607
Wind Speed

According to data from Kocaeli-Cengiz Topel Airport Meteorology Station between 2002 and 2024, the
annual average wind speed is 1.8 m/s. The maximum monthly wind speed was recorded in July as 29.8
m/s, blowing from the west (W) direction (see Table 4.13)

Table 4.13  Kocaeli-Cengiz Topel Airport Meteorological Station - Wind Speed Measurements
(m/sec) (2002 - 2024) (blowing from)

Months Average Monthly Wind Speed (m/sec) Maximum Monthly Wind
January 1.7 S 247
February 1.8 S 288
March 2 W 237
April 1.9 W 231
May 1.8 W 22.1
June 1.9 W 221
July 2 W 29.8
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Months Average Monthly Wind Speed (m/sec) Maximum Monthly Wind
August 2 SSW 23.1
September 1.7 W 195
October 1.4 SSW 24.2
November 1.4 S 293
December 1.5 WSW 22.6
Annual 1.8 W 29.8
Annual Wind Rose Diagram- Number of Winds (blowing from)
N
NNw 25000 NNE
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NW NE
15000
WNW 10000 ENE
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W 0 E
vV
WSwW ESE
sw SE
SSW SSE
S
Figure 4.12 Kocaeli-Cengiz Topel Airport Meteorological Station - Wind Speed (m/sec) (blowing
from)
4.1.2.1.2.7 Other Parameters

According to the observation records of Kocaeli-Cengiz Topel Airport Meteorology Station between 2002
and 2024:

The maximum recorded snow thickness is 41 cm.

The average annual number of snow-covered days is 7.13 days.

The average annual number of snow-precipitation days is 8.16 days.

The average annual number of foggy days is 44.81 days.

The average annual number of hail days is 2.11 days.

The average annual number of thunderstorm days is 35.71 days.
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m  The average annual number of strong-wind days is 63.84 days.

m  The average annual number of stormy days is 8.06 days.

4.1.2.2 Future Projection

World Bank Climate Change Knowledge Portal® was used for the climate projections which uses climate
projection data refers to modelled data generated by the Coupled Model Inter-comparison Projects
(“CMIPs”) of the World Climate Research Program. The specific data presented here is from CMIP6, which
is the Sixth phase of the CMIPs. These CMIPs serve as the fundamental data source for the IPCC
Assessment Reports. CMIP6, in particular, supports the IPCC's Sixth Assessment Report.

In analysing and interpreting climate change projections from multi-model ensembles, outputs are
presented as a range, which represents model spread. Climate Change Knowledge Portal identifies the
range of 10" and 90" percentiles, as and median (or 50" percentile). The 10" percentile indicates that just
10% of simulation outputs fall below this result. The 90" percentile means that 90% of all simulation outputs
fall below this result.

The projection data is provided at a resolution of 1.0° x 1.0° (100 km x 100 km), offering a spatial
representation of climate information. The data used are those referring to the Multi model ensemble for
the following scenarios:

m  SSP1 — 2.6: optimistic scenario in which global CO2 emissions are drastically reduced reaching net
zero after 2050 due to an evolution of societies towards environmental and social sustainability and
temperatures stabilize around 1.8°C more by the end of the century;

m  SSP2 - 4.5: Intermediate scenario in which CO, emissions hover around current levels before starting
to decline mid-century but fail to reach net zero by 2100. Socio-economic factors follow their historical
trends without significant changes. Progress towards sustainability is slow, with development and
income growing unevenly. In this scenario, temperatures rise by 2.7°C by the end of the century;

m  SSP5 - 8.5: Scenario where current CO2 emission levels roughly double by 2050. The global economy
is growing rapidly, but this growth is fuelled by fossil fuel exploitation and high-intensive lifestyles
energy. By 2100, the global average temperature will be as much as 4.4°C higher.

Considering that the construction phase of the Project is planned to be completed till the beginning of 2029
and will last for approximately 55 months, while operation phase of the Project is planned as 30 years, the
comments regarding to each projection are focused on three time periods namely near future (2040),
medium future (2050) and distant future (2060) to cover the Project lifetime.

41.2.21 Average Mean Surface Air Temperature

Average mean surface air temperature is expected to increase in all considered scenarios as can be seen
from Figure 4.13 and Table 4.14.

In the SSP1-2.6 scenario, the temperature is expected to reach around 15.6°C by 2060. Based on that,
compared to 2026, temperature is expected to increase approximately 1% by 2060.

8 World Bank Climate Change Knowledge Portal, 2026, https://climateknowledgeportal.worldbank.org/download-data
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Under the SSP2-4.5 scenario, projections indicate that the temperature will rise to approximately 16.0°C
by 2060, which corresponds to an estimated 5% increase relative to the year 2026.

According to the SSP5-8.5 scenario, temperature is projected to reach about 16.6°C by 2060, representing
an approximate 9% increase when compared with 2026 level.

Projected Timeseries Anomaly of Average Mean Surface Air Temperature
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.13 Projected Average Mean Surface Air Temperature of Kocaeli Province (Ref. Period:
1995-2014), Multi-Model Ensemble

Table 4.14 Average Mean Surface Air Temperature in CMIP6 (2026-2060) (World Bank Climate
Change Knowledge Portal, 2026)

SSP 1-2.6 [°C] SSP 2-4.5 [°C] SSP 5-8.5 [°C]
2026 15.35 15.20 15.28
2030 15.43 15.25 15.52
2040 15.52 15.51 15.52
2050 15.51 15.85 16.45
2060 15.56 15.95 16.60

41.2.2.2 Average Maximum Surface Air Temperature

Average maximum surface air temperature is expected to increase in all considered scenarios as can be
seen from Figure 4.14 and Table 4.15.
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In the SSP1-2.6 scenario, the temperature is expected to reach around 19.6°C by 2060. Based on that,
compared to 2026, temperature is expected to increase approximately 2% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the temperature will rise to approximately 19.9°C
by 2060, which corresponds to an estimated 3% increase relative to the year 2026.

According to the SSP5-8.5 scenario, temperature is projected to reach about 20.7°C by 2060, representing
an approximate 8% increase when compared with 2026 level.

Projected Timeseries Anomaly of Average Maximum Surface Air Temperature
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014

28

1960 1980 2000 2020 2040 2060 2080 2100

— Hist. Ref. Period, 1950-2014 —— SSP1-2.6 SSP2-45 == SSP5-85

Figure 4.14 Projected Average Maximum Surface Air Temperature of Kocaeli Province (Ref.
Period: 1995-2014), Multi-Model Ensemble

Table 4.15 Average Maximum Surface Air Temperature in CMIP6 (2026-2060) (World Bank
Climate Change Knowledge Portal,2026)

SSP 1-2.6 [°C] SSP 2-4.5 [°C] SSP 5-8.5 [°C]
2026 19.31 19.29 19.29
2030 19.58 19.07 19.47
2040 19.53 19.55 19.55
2050 19.46 19.90 20.46
2060 19.60 19.86 20.74
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41.2.2.3 Average Minimum Surface Air Temperature

Average minimum surface air temperature is expected to increase in all considered scenarios as can be
seen from Figure 4.15 and Table 4.16.

In the SSP1-2.6 scenario, the temperature is expected to reach around 11.5°C by 2060. Based on that,
compared to 2026, temperature is expected to increase approximately 1% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the temperature will rise to approximately 12.0°C
by 2060, which corresponds to an estimated 6% increase relative to the year 2026.

According to the SSP5-8.5 scenario, temperature is projected to reach about 12.7°C by 2060, representing
an approximate 12% increase when compared with 2026 level.

Projected Timeseries Anomaly of Average Minimum Surface Air Temperature
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 415 Projected Average Minimum Surface Air Temperature of Kocaeli Province (Ref.
Period: 1995-2014), Multi-Model Ensemble

Table 416 Average Minimum Surface Air Temperature in CMIP6 (2026-2060) (World Bank
Climate Change Knowledge Portal,2026)

SSP 1-2.6 [°C] SSP 2-4.5 [°C] SSP 5-8.5 [°C]
2026 11.38 11.32 11.29
2030 11.41 11.39 11.45
2040 11.39 11.60 11.52
2050 11.48 11.84 12.27
2060 11.52 12.04 12.64
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41.2.24 Maximum of Daily Maximum Temperature

Maximum of daily maximum temperature is expected to increase in all considered scenarios as can be
seen from Figure 4.16 and Table 4.17.

In the SSP1-2.6 scenario, the temperature is expected to reach around 34.4°C by 2060. Based on that,
compared to 2026, temperature is expected to increase approximately 2% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the temperature will rise to approximately 35.3°C
by 2060, which corresponds to an estimated 6% increase relative to the year 2026.

According to the SSP5-8.5 scenario, temperature is projected to reach about 36.1°C by 2060, representing
an approximate 7% increase when compared with 2026 level.

Projected Timeseries Anomaly of Maximum of Daily Max-Temperature
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.16 Projected Maximum of Daily Maximum Temperature of Kocaeli Province (Ref. Period:
1995-2014), Multi-Model Ensemble

Table 4.17 Maximum of Daily Maximum Temperature in CMIP6 (2026-2060) (World Bank Climate
Change Knowledge Portal,2026)

SSP 1-2.6 [°C] SSP 2-4.5 [°C] SSP 5-8.5 [°C]
2026 33.88 33.36 33.83
2030 34.01 33.87 33.96
2040 34.20 34.54 35.15
2050 34.52 34.66 35.57
2060 34.42 35.28 36.13
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41.2.2.5 Minimum of Daily Minimum Temperature

Minimum of daily minimum temperature is expected to increase in all considered scenarios, except for the
SSP1-2.6 scenario, as can be seen from Figure 4.17 and Table 4.18.

In the SSP1-2.6 scenario, the temperature is expected to decrease around -4.3°C by 2060. Based on that,
compared to 2026, temperature is expected to decrease approximately 4% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the temperature will rise to approximately -3.6°C
by 2060, which corresponds to an estimated 14% increase relative to the year 2026.

According to the SSP5-8.5 scenario, temperature is projected to reach about -2.0°C by 2060, representing
an approximate 105% increase when compared with 2026 level.

Projected Timeseries Anomaly of Minimum of Daily Min-Temperature
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.17 Projected Minimum of Daily Minimum Temperature of Kocaeli Province (Ref. Period:
1995-2014), Multi-Model Ensemble

Table 418 Minimum of Daily Minimum Temperature in CMIP6 (2026-2060) (World Bank Climate
Change Knowledge Portal,2026)

SSP 1-2.6 [°C] SSP 2-4.5 [°C] SSP 5-8.5 [°C]
2026 -4.13 -4.04 -4.16
2030 -4.24 -3.62 -3.84
2040 -4.11 -5.01 -3.68
2050 -4.20 -3.94 -3.00
2060 -4.31 -3.55 -2.03
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41.2.2.6 Number of Frost Days (Tmin<0°C)

Number of frost days (Tmin<0°C) is expected to decrease in all considered scenarios as can be seen from
Figure 4.18 and Table 4.19.

In the SSP1-2.6 scenario, the number of frost days is expected to decrease around 15 days by 2060.
Based on that, compared to 2026, number of frost days is expected to decrease approximately 2% by
2060.

Under the SSP2-4.5 scenario, projections indicate that the number of frost days will drop to approximately
12 days by 2060, which corresponds to an estimated 31% decrease relative to the year 2026.

According to the SSP5-8.5 scenario, number of frost days is projected to decrease to 8 days by 2060,
representing an approximate 101% decrease when compared with 2026 level.

Projected Timeseries Anomaly of Number of Frost Days (Tmin < 0°C)
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.18 Projected Number of Frost Days (Tmin<0°C) of Kocaeli Province (Ref. Period: 1995-
2014), Multi-Model Ensemble

Table 4.19  Number of Frost Days (Tmin<0°C) in CMIP6 (2026-2060) (World Bank Climate Change
Knowledge Portal,2026)

Year SSP 1-2.6 [day] SSP 2-4.5 [day] SSP 5-8.5 [day]
2026 15.70 16.21 15.98
2030 15.75 12.85 15.98
2040 15.41 13.11 15.59
2050 15.61 11.71 11.03
2060 15.33 12.42 7.96
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41.2.2.7 Number of Hot Days (Tmax>30°C)

Number of hot days (Tmin<0°C) is expected to increase in all considered scenarios as can be seen from
Figure 4.19 and Table 4.20.

In the SSP1-2.6 scenario, the number of hot days is expected to increase around 40 days by 2060. Based
on that, compared to 2026, number of hot days is expected to increase approximately 15% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the number of hot days will rise to approximately
46 days by 2060, which corresponds to an estimated 53% increase relative to the year 2026.

According to the SSP5-8.5 scenario, number of hot days is projected to increase to 66 days by 2060,
representing an approximate 82% increase when compared with 2026 level.

Projected Timeseries Anomaly of Number of Hot Days (T-max > 30°C)
Kocaeli, Tiirkiye 1950-2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.19 Projected Number of Hot Days (Tmax>30°C) of Kocaeli Province (Ref. Period: 1995-
2014), Multi-Model Ensemble

Table 420 Number of Hot Days (Tmax>30°C) in CMIP6 (2026-2060) (World Bank Climate Change
Knowledge Portal,2026)

Year SSP 1-2.6 [day] SSP 2-4.5 [day] ‘ SSP 5-8.5 [day] ‘
2026 34.68 30.21 36.33
2030 30.81 27.39 36.13
2040 40.20 43.72 42.97
2050 34.66 42.85 59.72
2060 39.82 46.35 66.25
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41.2.2.8 Precipitation

Precipitation is expected to decrease in all considered scenarios, except for the SSP1-2.6 scenario, as
can be seen from Figure 4.20 and Table 4.21.

In the SSP1-2.6 scenario, the precipitation is expected to reach around 880 mm by 2060. Based on that,
compared to 2026, precipitation is expected to increase approximately 3% by 2060.

Under the SSP2-4.5 scenario, projections indicate that the precipitation will drop to approximately 859.0
mm by 2060, which corresponds to an estimated 2% decrease relative to the year 2026.

According to the SSP5-8.5 scenario, precipitation is projected to decrease to 845 mm by 2060,
representing an approximate 1% decrease when compared with 2026 level.

Projected Timeseries Anomaly of Precipitation Kocaeli, Turkiye 1950-
2100 Multi-Model Ensemble Ref. Period: 1995-2014
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Figure 4.20 Projected Precipitation of Kocaeli Province (Ref. Period: 1995-2014), Multi-Model
Ensemble

Table 4.21  Precipitation in CMIP6 (2026-2060) (World Bank Climate Change Knowledge

Portal,2026)
SSP 1-2.6 [mm] SSP 2-4.5 [mm] SSP 5-8.5 [mm]
2026 855.46 879.55 850.65
2030 847.79 912.17 910.06
2040 855.77 868.30 907.65
2050 876.57 886.09 857.78
2060 880.39 858.75 844.46
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4.1.3 Identification and Assessment of Relevant Climate-
Related Hazards

According to ISO 14091, the first step in the CCRA requires to identify the climate-related hazards that
may affect the Project Area and, among them, those the Project may be exposed to. Additional available
literature (i.e., IPCC Report on Impacts, Adaptation and Vulnerability®, UNEP Finance Initiative'®, World
Bank National & Policy Climate and Disaster Risk Screening Tools'') was considered to define a
framework and guide the hazard identification process.

Key questions to consider in the hazard identification process are the following:

= What are the past events and what are the main issues that affected the site and may be related to
climate change?

m  What is the climate-related hazards that may become relevant in the future?

Information from World Bank Group — Climate Change Knowledge Portal'? were consulted to identify the
most relevant hazards at the Country level. In addition to this, THINK HAZARD® portal (implemented by
Global Facility for Disaster Reduction and Recovery (“GFDRR”) in collaboration with World Bank and
providing high level hazard assessment worldwide) was used to refine the investigation at the Kocaeli
Province level.

The outcomes of these processes resulted in the following list of selected hazards. They are listed together
with the main justification for their inclusion in the risk assessment.

Extreme Heat and Heat Stress Hazard

According to General Directorate of Meteorology, average maximum temperatures reach 29.9°C in
August, while the highest temperature was recorded in July with 44.1°C as well.

However, according to the THINK HAZARD portal, the extreme heat hazard in central and Korfez Districts
of Kocaeli Province is classified as medium and low, respectively. For the central districts, this means that
there is more than a 25% chance that at least one period of prolonged exposure to extreme heat, resulting
in heat stress, will occur in the next five years. For the Korfez District, this means that there is between a
5% and 25% chance that at least one period of prolonged exposure to extreme heat, resulting in heat
stress, will occur in the next five years.

Considering high temperatures are expected to increase even further in the future with higher frequencies
and intensities, extreme heat and heat stress hazard has been scoped in for the climate change risk
assessment. Accordingly, hazard class has been determined as Medium.

Extreme Cold Hazard

According to General Directorate of Meteorology, average minimum temperatures drop to 3.3°C in
January, while the lowest temperature was recorded in February with -18.0°C as well. Although extreme
cold days will become less frequent in the future with the increasing temperatures in the province, it can
be assumed that extreme cold hazard will keep representing a potential danger in the Project region. Thus,

9 https://www.ipcc.ch/report/ar6/wg2/

10 https://www.unepfi.org/

" https://climatescreeningtools.worldbank.org/

"2 https://climateknowledgeportal.worldbank.org/country/turkiye

'3 https://thinkhazard.org/en/report/249-turkey
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extreme cold has been scoped in for the climate change risk assessment. Accordingly, hazard class has
been determined as Low.

Wildfires Hazard

Considering that the Project route passes through an urban area where the vegetation is largely limited to
designated recreational areas, susceptibility to the wildfires could be low.

On the other hand, according to the THINK HAZARD portal, the wildfire hazard in central and Korfez
Districts of Kocaeli Province is classified as high for both districts. This means that there is greater than a
50% chance of encountering weather that could support a significant wildfire that is likely to result in both
life and property loss in any given year.

Based on that, wildfires hazard has been scoped in for the climate change risk assessment. Accordingly,
hazard class has been determined as High.

Strong Wind Hazard

Strong winds may become more frequent or intense due to foreseen changes in the temperatures in
Kocaeli Province leading to alteration in wind patterns, potentially increasing the frequency and intensity
of strong wind events.

Storm climatology studies for the Marmara Region identified frequent gale conditions, with 279 strong-
wind days recorded across 17 stations during 2000—2010 and 77.77% of strong-wind hours associated
with northerly flow. In addition, a regional disaster inventory recorded 100 storm events in Kocaeli between
1975 and 2020."1°

As a recent event, Kocaeli Province experienced severe wind conditions in early January 2026, with
forecasts warning of sustained winds reaching 50—75 km/h and localized gusts up to 80—90 km/h across
the region. Shortly after these warnings, a strong windstorm impacted several districts, causing general
structural damage, including roof failures, disruptions in transportation, and scattered utility outages. The
event also resulted in debris-related hazards and localized infrastructure damage.'®"”

Thus, strong wind hazard has been scoped in for the climate change risk assessment. Accordingly, hazard
class has been determined as Medium.

Severe Storms Hazard

Increase in temperatures can enhance the atmospheric moisture and disrupt weather patterns, leading to
more extreme and frequent storm events.

Kocaeli disaster inventory recorded 100 storms and 16 tornado events between 1975 and 2020, indicating
sustained exposure to severe convective and wind-related events in the province. Marmara-wide storm

4 Deniz, A., Ozdemir, E. T., Sezen, I., & Coskun, M. (2013). Investigations of storms in the region of Marmara in Turkey. Theoretical and
Applied Climatology, 112(1-2), 61-71. https://doi.org/10.1007/s00704-012-0715-x

'® Yagar, M. K., & Gumriikgtioglu Yigit, M. (2025). Hydrometeorological disasters in the context of the climate crisis: A regional disaster inventory
study in Turkiye. Journal of Natural Hazards and Environment, 11(1), 194—-205. https://doi.org/10.21324/dacd.1559696

'8 https://www.cumhuriyet.com.tr/turkiye/kocaeli-de-siddetli-firtina-hayati-felc-etti-tirlar-devrildi-minare-yikildi-catilar-uctu-
2468319#google_vignette

"7 https://www.kocaeligazetesi.com.tr/haber/27209182/kocaeli-dikkat-kuvvetli-ruzgar-ve-firtina-geliyor
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analyses also emphasize that gale-force systems in the region can cause roof failures, transport disruption,
flash floods, and other significant impacts.'8'®

As a recent event, Kocaeli Province experienced a severe storm event in January 2026, when a powerful
windstorm caused extensive damage, particularly in the Kérfez District, where 186 roofs were torn off,
power lines collapsed, and a residential building was completely destroyed by fire triggered by downed
cables. The storm disrupted daily life, led to school closures, and resulted in significant infrastructure
impacts across multiple neighbourhoods.?®

Therefore, severe storms hazard has been scoped in for the climate change risk assessment. Accordingly,
hazard class has been determined as High.

Extreme Precipitations Hazard

Increase in temperatures is expected to increase probability of extreme weather events, including extreme
precipitations.

Studies for the Marmara Region report increasing annual precipitation and heavy precipitation events at
many stations, with rainfall expected to become shorter and more intense. In addition, a precipitation study
for the Marmara Region found that the Kocaeli station showed a positive correlation with global
temperature and projected an upward precipitation trend in the near term.?'2?

As a recent event, in early January 2026, Kocaeli was hit by a severe weather system combining intense
rainfall and strong winds, resulting in widespread impacts across multiple districts. Heavy downpours led
to flooding inside numerous homes, while combined storm conditions caused significant structural
damage, including roof failures and water intrusion that left many residences temporarily uninhabitable.??

Therefore, extreme precipitations hazard has been scoped in for the climate change risk assessment.
Accordingly, hazard class has been determined as Medium.

Flooding Hazard

According to the THINK HAZARD portal, the flooding hazard in central and Koérfez Districts of Kocaeli
Province is classified as medium and low, respectively. For the central districts, this means that there is a
chance of more than 20% that potentially damaging and life-threatening urban floods occur in the coming
10 years. For the Korfez District, this means that there is a chance of more than 1% that potentially
damaging and life-threatening river floods occur in the coming 10 years.

Kocaeli disaster inventory documented 71 flood events and 26 water inundation events between 1975 and
2020. At the broader Marmara scale, recent studies also show that intense and irregular rainfall patterns

'8 Yagar, M. K., & Gumriikgtioglu Yigit, M. (2025). Hydrometeorological disasters in the context of the climate crisis: A regional disaster inventory
study in Turkiye. Journal of Natural Hazards and Environment, 11(1), 194—205. https://doi.org/10.21324/dacd.1559696

¥ Deniz, A., Ozdemir, E. T., Sezen, I., & Coskun, M. (2013). Investigations of storms in the region of Marmara in Turkey. Theoretical and
Applied Climatology, 112(1-2), 61-71. https://doi.org/10.1007/s00704-012-0715-x

20 https://www.cagdaskocaeli.com.tr/haber/27210679/kocaelide-firtina-bilancosu-sadece-bir-mahallede-186-cati-uctu-bir-ev-kule-dondu

21 Abbasnia, M., & Toros, H. (2018). Analysis of long-term changes in extreme climatic indices: A case study of the Mediterranean climate,
Marmara Region, Turkey. Pure and Applied Geophysics, 175, 3861-3873. https://doi.org/10.1007/s00024-018-1888-8

2 Aalijahan, M., Karatas, A., Lupo, A. R., Efe, B., & Khosravichenar, A. (2023). Analyzing and modeling the spatial-temporal changes and the
impact of GLOTI index on precipitation in the Marmara Region of Turkiye. Atmosphere, 14(3), 489. https://doi.org/10.3390/atmos 14030489

% https://sonkocaeli.com/haber/27209670/firtina-sonrasi-hasar-buyuk-oldu
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cause floods in riverbeds and that terrestrial precipitation extremes around the Sea of Marmara have
increased over time.242526

On the other hand, as a recent event in October 2025, Kocaeli Province faced a significant flood risk as
intense rainfall triggered official warnings for flash flooding, water intrusion, and transportation disruptions
across the province. Authorities cautioned residents about the potential for rapid surface flooding,
stormwater accumulation, and hazardous conditions, urging people to avoid low-lying areas and take
protective measures against sudden water level increases.?’

Therefore, flooding hazard has been scoped in for the climate change risk assessment. Accordingly,
hazard class has been determined as Medium.

Hail Hazard

Hail events may become more frequent and intense due to the increase of temperatures and intense
storms which increase the likelihood of hail formation.

The regional disaster inventory recorded 21 hail events in Kocaeli between 1975 and 2020, confirming
that hail is an observed hydrometeorological hazard in the province.?®

As a recent event, in April 2025, Kocaeli Province experienced an unexpected hail event that caused brief
but notable disruption. The sudden shift in weather led to intense hailfall, reducing visibility and creating
localized traffic safety risks associated with rapid, short-duration hailstorms in the region.?®

Therefore, hail hazard has been scoped in for the climate change risk assessment. Accordingly, hazard
class has been determined as Low.

Drought and Water Stress Hazard

Drought and water stress events may become more frequent and intense since higher temperatures can
lead to greater evaporation rates, reducing soil moisture and water availability. Additionally, shifting
precipitation patterns may result in less reliable rainfall, making dry periods more frequent and severe.

According to the THINK HAZARD portal, the water scarcity hazard in central and Kérfez Districts of Kocaeli
Province is classified as high. This means that droughts are expected to occur on average every 5 years.

Therefore, drought and water stress hazard has been scoped in for the climate change risk assessment.
Accordingly, hazard class has been determined as High.

Sea Level Rise Hazard

According to the Climate Central®’, based on the IPCC 2021 projections no sea level rise is anticipated for
the Kocaeli Province throughout the Project lifetime. The projections indicate that while global sea levels

% Yasar, M. K., & Gumrikgtioglu Yigit, M. (2025). Hydrometeorological disasters in the context of the climate crisis: A regional disaster inventory
study in Turkiye. Journal of Natural Hazards and Environment, 11(1), 194—205. https://doi.org/10.21324/dacd.1559696

% Basdurak, B. N. (2023). Climate change impacts on river discharge to the Sea of Marmara. Frontiers in Marine Science, 10, Article 1278136.
https://doi.org/10.3389/fmars.2023.1278136

% Andrawina, Y. O., Blytiksalih, G., Gazioglu, C., & Liufandy, H. (2025). Coastal vulnerability analysis of the semi-enclosed water systems of
the Sea of Marmara, Turkiye using INVEST model. Journal of Coastal Conservation, 29, Article 42. https://doi.org/10.1007/s11852-025-01126-w
27 https://www.cagdaskocaeli.com.tr/haber/26537723/kocaeli-valiliginden-sel-ve-su-baskini-uyarisi

% Yasar, M. K., & Gumrikgtioglu Yigit, M. (2025). Hydrometeorological disasters in the context of the climate crisis: A regional disaster inventory
study in Turkiye. Journal of Natural Hazards and Environment, 11(1), 194—205. https://doi.org/10.21324/dacd.1559696

2 https://kocaeligundem.com/haber/24745115/kocaeliler-dolu-yagisina-hazirliksiz-yakalandi
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are expected to rise, Kocaeli Province's coastal region will not experience any changes that could impact
the infrastructure or operations of the Project. As a result, sea level rise has been scoped out from the
climate change risk assessment.

4.1.3.1 Exposure Assessment

Once hazards potentially affecting the Project Area were identified, the exposure of the Project to each
hazard was addressed. The key question in the exposure assessment is the following:

m |n case of any of the selected climate-related hazard hitting the Project Area, would the Project be
impacted?

The evaluation considered the intrinsic characteristics and features of the Project.

Table 4.22 Exposure Assessment

Hazard Type of Hazard Exposure Justification

Extreme heat and heat stress could affect
service reliability and asset performance,
Acute & Chronic Yes particularly at aboveground sections of the
stations, train storage and parking area,
and electromechanical systems.

Extreme Heat and Heat
Stress

Extreme cold could disrupt operations and
degrade performance, particularly at
aboveground sections of the stations, train
Extreme Cold Acute Yes storage and parking area, and
electromechanical systems, potentially
increasing failures and causing temporary
service impacts.

Although the Project route passes through
an urban area where the vegetation is
largely limited to designated recreational
areas, wildfires could disrupt operations
mainly through impacts to stations, train
storage and parking area,
electromechanical systems, and
air/ventilation intakes.

Wildfires Acute Yes

Strong winds could create safety hazards
and cause localized damage that may
Strong Wind Acute Yes interrupt operations, particularly at
aboveground sections of the stations, and
train storage and parking area.

ation_model=best_available&forecast_year=2060&pathway=ssp5rcp85&percentile=p95&refresh=true&return_level=return_level_1000&rl_mode
I=coast_rp&slr_model=ipcc_2021_med
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Type of Hazard Exposure Justification

Severe storms could cause operational
disruption and potential damage,
particularly at stations, train storage and
Severe Storms Acute Yes parking area, and electromechanical
systems, with possible water ingress at
interfaces to the underground system, and
potential power cuts.

Extreme precipitation could cause
operational disruption and localized
damage by overwhelming drainage and
creating water ingress/ponding risks,
affecting stations, train storage and parking
area, and electromechanical systems.

Extreme Precipitations Acute Yes

Flooding could significantly disrupt
operations by affecting station accesses,
train storage and parking area,

Flooding Acute Yes electromechanical systems, and in some
cases could propagate into the
underground system through exposed
openings.

Hail could disrupt operations mainly by
damaging exposed aboveground sections
of the stations, and train storage and
parking area.

Hail Acute Yes

Drought and water stress through water
Drought and Water Stress | Acute & Chronic Yes scarcity could constrain water-dependent
station operations.

The Project was considered exposed to all relevant climate-related hazards potentially affecting the Project
Area. Therefore, all of them were scoped in for further assessment.

4.2 Assessment of Sensitivity, Adaptive Capacity and
Vulnerability

4.2.1 Sensitivity

For each hazard, the Sensitivity was qualitatively characterized based on a set of indicators, selected
according to the characteristics of the Project potentially exposed to that hazard.

The final step was to assign a class of Sensitivity (“High”, “Medium” or “Low”), entailing all information
collected through the assessment process, also considering their relative importance, reliability and
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completeness. A conservative approach has been adopted assigning a higher Sensitivity class whenever
the assessment was uncertain due to inconsistent indicators.

The Project Sensitivity towards each hazard is presented below with the main considerations that justify
the assessment.

Extreme Heat and Heat Stress

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground, direct
exposure to high ambient temperatures is limited. However, extreme heat and heat stress still poses
significant risks to electromechanical systems which are sensitive to overheating, and to the small portion
of above-ground assets such as the train storage and parking area. Therefore, the overall sensitivity has
been assigned as Medium with the following reasons:

m  Extreme heat and heat stress can cause rail tracks to expand and potentially warp or buckle, leading
to track misalignment and increased risk of derailments, particularly at the train storage and parking
area. This can result in train delays, service interruptions, and endanger the safety of passengers.

m  Extreme heat and heat stress can lead to electrical faults or disruptions at electromechanical systems.
This can result in power outages, affect metro operations, and pose safety hazards to workers and
passengers.

Extreme Cold

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground, they
are expected to be naturally insulated from severe cold. However, small portion of above-ground assets
such as the train storage and parking area, could be exposed to freezing conditions. Electromechanical
systems in exposed locations may also experience reduced efficiency. Therefore, the overall sensitivity
has been assigned as Low with the following reasons:

m  Cold temperatures can cause rail tracks to contract, which can create gaps and lead to misalignment
or fractures, particularly at the train storage and parking area. This contraction can disrupt the
smoothness of the track and increase the risk of derailments. This can result in train delays, increased
maintenance costs, and safety risks for passengers.

m  Extreme cold can impair the performance of electromechanical systems by increasing electrical
resistance in certain components and slowing response times in sensors located near or within
exposed areas. Such performance degradation can lead to signalling delays, inaccurate sensor
readings, and malfunctioning switching devices, which may reduce system reliability.

Wildfires

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground and
the Project route passes through an urban area where the vegetation is largely limited to designated
recreational areas, direct exposure to wildfire hazards is expected to be minimal. Only the small portion of
above-ground assets such as station entrance structures and the train storage and parking area, could be
affected by smoke or radiant heat. Therefore, the overall sensitivity has been assigned as Low with the
following reasons:
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= Wildfires can cause significant damage to above ground metro line and train storage and parking area.
This damage can result in lengthy repairs, service interruptions, and increased operational costs,
impacting passenger transport.

= Wildfires pose direct risks to passengers by exposing them to hazardous smoke and intense heat. This
can lead to health issues for passengers, potential evacuations, and increased liability in the event of
emergencies.

Strong Wind

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground, they
are expected to be naturally insulated from strong winds. However, small portion of above-ground assets
such as station entrance structures and the train storage and parking area, remain susceptible to wind
pressure and debris. Therefore, the overall sensitivity has been assigned as Low with the following
reasons:

= Wind-driven debris can obstruct the rail tracks, creating potential hazards for metro operations at train
storage and parking area. Persistent high winds may also cause track misalignment if the track bed is
not adequately secured, potentially leading to derailments. This can result in serious accidents, injuries
to passengers, and significant delays in metro services.

m  Strong winds can displace entrance canopies, fagade panels, and glazing systems. Such displacement
can lead to partial entrance failures, service restrictions, and accelerated maintenance requirements
during severe wind events.

Severe Storms

Severe storms could influence above-ground facilities such as station entrance structures and the train
storage and parking area through wind, intense precipitation, and rapid environmental changes. While
underground structures such as tunnels and stations are buffered against wind, they may indirectly
experience water intrusion or drainage overload during storm events. Therefore, the overall sensitivity has
been assigned as Medium with the following reasons:

m  Severe storms can lead to track damage at train storage and parking area, from flooding, debris, or
high winds. Heavy rain can erode the track bed, causing misalignment or instability. High winds can
blow debris onto the tracks, creating hazards for metro operations. This can result in service
disruptions, increased maintenance costs, and heightened risk of derailments, endangering passenger
safety.

m  Storms can cause significant damage to station entrance structures, ventilation shafts and tunnel portal
through intense rainfall, flooding, and high winds. Floodwater can infiltrate access points and
undermine shallow foundations or stairwell slabs, while wind loads and debris can stress canopies,
glazing, and fagade fixings. At tunnel portals, intense rainfall and wind-borne debris can overwhelm
portal drainage and cause ballast/subgrade washout. Damage to these structures may require
emergency repairs, causing prolonged service interruptions and increased operational expenses.

m  Electromechanical systems at the train storage and parking area is particularly exposed to storm-driven
runoff and debris, increasing risks switch malfunction, and damage to outdoor electrical enclosures.
Resulting failures may require emergency interventions, leading to prolonged service restrictions and
elevated maintenance and operational costs.
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Extreme Precipitations

Although the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground,
extreme precipitation elevates risks of drainage overload, and infiltration via station entrance structures
and shafts. On the other hand, in a dense urban setting with high impervious cover and constrained
drainage, pluvial runoff could be rapidly funneled to low-lying station entrance structures and portal
entrances. Therefore, the overall sensitivity has been assigned as High with the following reasons:

m  Heavy rainfall can cause rail track bed erosion at train storage and parking area, leading to instability
and misalignment. Flooding can undermine the track foundation, creating safety hazards and
operational disruptions. Excessive water accumulation may also contribute to track deformation or
instability. This can result in metro operation delays, increased maintenance costs, and heightened
risk of derailments, compromising passenger safety.

m  Extreme precipitation can overload urban drainage and combined sewers, causing backflow through
station entrance structures, ventilation shafts, and portal drains. Accordingly, rapid pluvial runoff can
overwhelm drains at low-lying entrances and tunnel portal, can cause ponding and inflow that drive
siltation and localized scour. This can result in operational delays and increased maintenance costs.

m  Extreme precipitation can cause water accumulation at train storage and parking area, allowing water
to enter electromechanical equipment such as switch motors, signalling systems, and power
distribution units. This may lead to short circuits, corrosion, and equipment failures, increasing
maintenance requirements and causing operational disruptions.

Flooding

Even though the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground,
flooding presents significant risk as water can rapidly enter through station entrance structures, ventilation
shafts or tunnel portal. Accordingly, flooding can cause service disruption, structural damage, and safety
risks. Therefore, the overall sensitivity has been assigned as High with the following reasons:

m  Flooding can undermine the stability of rail tracks at the train storage and parking area by eroding the
track bed and supporting infrastructure. Waterlogged track beds may lead to misalignment, buckling,
or even derailments. Persistent flooding can cause long-term damage to the railway tracks. This can
result in serious accidents, increased maintenance costs, and significant delays in metro services,
jeopardizing passenger safety.

®m  Flooding in urban areas can overwhelm drainage systems, leading to water accumulation around
station entrances and above-ground sections such as train storage and parking area. This may allow
water to enter electrical rooms and electromechanical systems (e.g., signalling, power supply, and
switch equipment), causing malfunctions and increasing maintenance needs.

m  Surface runoff may infiltrate tunnel portal and stations through entrances, and ventilation shafts,
potentially disrupting operations and requiring temporary service interruptions.

m  Flood-related equipment failures or access limitations may delay train movements and maintenance
activities, affecting operational reliability and potentially passenger safety.
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Hail

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground, direct
exposure to hail is not expected for these components. Only the small portion of above-ground assets
such as station entrance structures and the train storage and parking area, are at risk of glazing damage,
denting, or equipment impacts. Therefore, the overall sensitivity has been assigned as Low with the
following reasons:

= Hail may cause physical damage to station entrance structures, train storage and parking area, and
outdoor electromechanical equipment. Large hailstones can damage canopies, glazing, and facade
fixings, leading to operational disruptions and additional maintenance requirements.

m  Debris or damage to protective covers and technical housings may temporarily affect the functionality
of surface electromechanical systems and require additional maintenance requirements.

Drought and Water Stress

Given that the majority of the infrastructure (i.e. metro line, tunnels, stations) is located underground, and
the Project route passes through largely paved urban areas, direct exposure to drought and water stress
related hazards is expected to be minimal. Only the small portion of above-ground assets such as the train
storage and parking area, could be affected by soil shrinkage and ground settlement. Therefore, the overall
sensitivity has been assigned as Low with the following reasons:

= Prolonged drought and water stress in urban areas may lead to soil shrinkage and minor ground
movement which can affect above-ground track sections at train storage and parking area, potentially
increasing inspection and maintenance requirements.

4.2.2 Adaptive Capacity

Like Sensitivity, the Adaptive Capacity was qualitatively assessed based on the identification of the most
relevant adaptive capacity measures which have been considered in the design of all different Project
components included in this CCRA to either avoid, prevent or reduce the potential impacts potentially
caused by climate-related hazards.

The final step was to assign a class of Adaptive Capacity (“High”, “Medium” or “Low”) for the Project overall,
entailing all information collected through the assessment process, also considering their relative
importance, reliability and completeness. A conservative approach has been adopted assigned to a lower
Adaptive Capacity class whenever the assessment was uncertain due to inconsistent information.

The Project Adaptive Capacity towards each hazard is presented below with the main considerations that
justify the assessment.

Extreme Heat and Heat Stress

The overall Adaptive Capacity to Extreme Heat and Heat Stress has been assessed as Medium
considering the following adaptive measures:

m  The predominantly underground alignment (twin-tube tunnels at 20—-35 m depth) will provide natural
thermal buffering and will reduce heat loads on rail tracks and platforms.
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m  High-capacity ventilation shafts and emergency fans can enable active heat extraction, and operators
can optimize airflow in real time through the Supervisory Control and Data Acquisition (“SCADA”)
automation system.

= Conditioned electromechanical rooms and SCADA-based temperature alarms will allow early detection
of overheating and controlled equipment shutdowns where necessary.

Extreme Cold

The overall Adaptive Capacity to Extreme Cold has been assessed as Medium considering the following
adaptive measures:

= The underground depth will insulate core assets from freezing temperatures and will limit ice formation
in tunnels and passenger areas.

m  SCADA-supervised power and electromechanical systems can support heat-tracing and
space-heating strategies for exposed components, while the system can flag anomalies for rapid
intervention.

m  Enclosed station buildings and vertical transportation systems (elevators/escalators) can maintain
controlled indoor conditions to ensure safe circulation during cold spells.

Wildfires

The overall Adaptive Capacity to Wildfires has been assessed as Medium considering the following
adaptive measures:

m  The predominantly underground alignment (twin-tube tunnels at 20—-35 m depth) will provide natural
thermal buffering from wildfires and will reduce heat loads on rail tracks and platforms.

= The ventilation system can support smoke extraction and pressure management to limit smoke ingress
into tunnels and platforms.

m  SCADA can enable remote operation of fans, so operators can deploy smoke-control modes promptly.

Strong Wind

The overall Adaptive Capacity to Strong Wind has been assessed as Low considering the following
adaptive measures:

m  The predominantly underground alignment including tunnels and stations will remain inherently
protected from wind loads.

Severe Storms

The overall Adaptive Capacity to Severe Storms has been assessed as Low considering the following
adaptive measures:

= The predominantly underground alignment including tunnels and stations will reduce wind-borne debris
impacts on core rail operations.

m  The drainage network and pumping stations can provide active dewatering during storms, while
SCADA can deliver real-time level monitoring, automatic pump start, and fault escalation.
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Extreme Precipitations

The overall Adaptive Capacity to Extreme Precipitations has been assessed as Low considering the
following adaptive measures:

= The tunnel drainage layout and strategically located pumping stations can remove infiltrating and
pluvial water, while SCADA can deliver real-time level monitoring, automatic pump start, and fault
escalation.

Flooding

The overall Adaptive Capacity to Flooding has been assessed as Low considering the following adaptive
measures:

m  The tunnel drainage layout and strategically located pumping stations can enable sectional
containment and controlled evacuation of water from tunnels and stations, while SCADA can deliver
real-time level monitoring, automatic pump start, and fault escalation.

Hail

The overall Adaptive Capacity to Hail has been assessed as Low considering the following adaptive
measures:

m  The predominantly underground alignment including tunnels and stations will be inherently shielded
from hail impacts.

Drought and Water Stress

The overall Adaptive Capacity to Drought and Water Stress has been assessed as Low considering the
following adaptive measures:

m  Core systems such as ventilation, power supply, and SCADA will rely on electricity rather than process
water, which will reduce operational dependence on scarce water resources.

4.2.3 Vulnerability

The magnitude of potential effects and consequences were assessed for each hazard, combining the
Sensitivity and the Adaptive Capacity. A qualitative approach has been used, applying the matrix shown
in Figure 4.21.

VULNERABILITY

Medium
Lowest Low
Medium

High
Medium Low

Low Low

Figure 4.21 Vulnerability Matrix

Accordingly, as per the Table 4.23, the Project resulted most vulnerable to Extreme Precipitations and
Flooding which have been assessed as Highest, while severe storms also resulted High in vulnerability.

On the other hand, the Project resulted with Medium vulnerability to Extreme Heat and Heat Stress, and
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resulted with Low vulnerability to Extreme Cold, Wildfires, Strong Wind, Hail and Drought and Water

Stress.

Table 4.23  Vulnerability Assessment
Hazard Sensitivity Adaptive Capacity Vulnerability
gz:‘:;ne Heat and Heat Medium Medium Medium
Extreme Cold Low Medium Low
Wildfires Low Medium Low
Strong Wind Low Low Low
Severe Storms Medium Low
Extreme Precipitations Low
Flooding Low
Hail Low Low Low
Drought and Water Stress Low Low Low

4.3

Risk Assessment

The Climate Change Risk has been assessed combining Vulnerability and Hazard levels, according to
qualitative considerations based on the following matrix given in Figure 4.22.

Figure 4.22 Risk Matrix

A summary of the outcomes is presented in Table 4.24.
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Low Low Low Low Medium | Medium
Medium Low Medium Medium
High Low Medium
Highest Medium
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Table 4.24 Risk Assessment

Hazard Vulnerability Hazard Class

Extreme Heat and Heat Stress Medium Medium Medium
Extreme Cold Low Low Low

Wildfires Low Medium
Strong Wind Low Medium

Severe Storms

Extreme Precipitations Medium

Flooding Medium

Hail Low Low
Drought and Water Stress Low Medium
4.4 Risk Mitigation Actions and Conclusions

The CCRA helped identifying the most critical climate-related risks, at present or in the future, according
to different emission scenarios and during the lifetime of the Project as a consequence of Climate Change.

The assessment has identified Severe Storms, Extreme Precipitations and Flooding as the most critical
climate-related risks with the risk levels of High. On the other hand, Extreme Heat and Heat Stress,
Wildfires, Strong Wind, and Drought and Water Stress have been classified as Medium level risk, while
Extreme Cold and Hail were identified as Low level risk.

Based on these results, a set of risk mitigation measures has been identified to reduce climate risks. While
this list is not exhaustive or binding, it provides a solid foundation for further adaptation planning. Actions
should be prioritized based on risk levels and their expected timeframe for effectiveness.

This section starts with a list of measures that could be beneficial for the Project overall and that would
help increasing the level of resilience versus climate change-related risks in general. After that, it follows
a list of risk-specific measures, prioritized from those related to the most critical risks to the least critical,
according to the outcomes of the CCRA.

All Risks

= Metro line and its structures should be monitored regularly for early detection of any potential issues,
enabling timely maintenance and interventions.

= Metro line and its structures should be monitored after extreme climate-related events, to identify and
address any climate-induced damages, ensuring operational safety and minimizing disruptions.
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Emergency Preparedness and Response Plan should be implemented and regularly updated to
address climate risks, enabling swift and coordinated action to protect personnel, infrastructure, and
services.

Spare and emergency capacity should be ensured for safety and operational systems to ensure
continuous service in the event of climate-related failures.

Weather forecasts for extreme weather conditions (extreme precipitation, extreme heat, etc.) should
be closely followed to implement response strategies during these extreme conditions.

Knowledge and awareness raising should be prioritized across all employees to foster a deeper
understanding of climate change risks and adaptation strategies.

A partnership approach to climate resilience should be adopted, involving collaboration between
stakeholders to enhance the Project's ability to adapt to climate challenges.

Severe Storms

Regular inspections at train storage and parking area should be conducted to ensure that debris is
cleared from the tracks promptly.

Drainage inlets should be cleaned before storms to prevent erosion and track bed instability.

Deployable flood barriers should be pre-positioned at station entrance structures, tunnel portal and
train storage and parking area, to use when intense rainfall is forecast.

Outdoor electromechanical enclosures in the train storage and parking area should be checked and
temporarily covered to reduce storm-driven runoff and debris impacts.

Post-storm inspections should be conducted for ballast/subgrade washout at the tunnel portal and train
storage and parking area, and for canopy/glazing damage at station entrance structures.

Temporary speed and routing controls through the train storage and parking area should be applied
until inspections confirm stability.

Extreme Precipitations

Drainage inlets should be cleaned before heavy rains to prevent erosion and track bed instability.

Deployable flood barriers should be pre-positioned at station entrance structures, tunnel portal and
train storage and parking area, to use when intense rainfall is forecast.

Outdoor electromechanical equipment at the train storage and parking area should be raised and fitted
with drip-edges to avoid short circuits and corrosion.

Emergency evacuation routes and procedures should be established to facilitate swift action during
flooding events.

Post-storm inspections should be conducted for ballast/subgrade washout at the tunnel portal and train
storage and parking area.

Temporary speed and routing controls through the train storage and parking area should be applied
until inspections confirm stability.

Flooding
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m  Flood Risk Assessment should be carried out for the Project.

m  Regular inspections at train storage and parking area should be conducted to ensure that debris is
cleared from the tracks promptly.

= Drainage inlets should be cleaned before flooding events to prevent erosion and track bed instability.

m  Deployable flood barriers should be pre-positioned at station entrance structures, tunnel portal and
train storage and parking area, to use when flood event is forecasted.

= QOutdoor electromechanical enclosures in the train storage and parking area should be checked and
temporarily covered to reduce storm-driven runoff and debris impacts.

m  Emergency evacuation routes and procedures should be established to facilitate swift action during
flooding events.

m  Post-flood inspections should be conducted for ballast/subgrade washout at the tunnel portal and train
storage and parking area.

m  Temporary speed and routing controls through the train storage and parking area should be applied
until inspections confirm stability.

Extreme Heat and Heat Stress

= Hot-weather track and switch inspections should be conducted at the train storage and parking area
to detect misalignment, rail stress and turnout defects.

m  Speed and routing adjustments through the train storage and parking area should be applied during
peak heat to reduce risk where track geometry is marginal.

®m  Sun-shading and natural ventilation for outdoor electromechanical cabinets should be provided to limit
overheating.

m  Heating, Ventilation, and Air Conditioning (“HVAC”) performance in electromechanical cabinets should
be verified ahead of heatwaves to keep electronics within safe temperature limits.

Wildfires

m  Vegetation and combustible litter around train storage and parking area, station entrance structures,
and ventilation intakes should be cleared to create defensible space.

m  Smoke-control procedures at station entrance structures should be prepared for cases when smoke
plumes approach.

m Air-intake filters at stations should be inspected and replaced after smoke events to restore air quality.

m  Qutdoor electromechanical cabinets in the train storage and parking area should be protected to limit
smoke ingress and residue deposition.

Strong Wind

m  Entrance canopies, facade panels and glazing fixings at the station entrance structures should be
inspected and secured ahead of windy periods, and loose items should be repaired or removed.
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Pre-storm walkovers should be conducted to remove or fix materials to prevent debris from obstructing
tracks or switches.

Outdoor electromechanical cabinets should be checked and re-sealed if wind-driven rain or dust
ingress is observed.

Temporary entrance closures should be implemented during peak gusts to keep passengers safe and
prevent further damage to structures.

Drought and Water Stress

Routine geometry and settlement checks across the train storage and parking area should be
conducted to detect movements linked to soil shrinkage and to take swift actions accordingly.

Water-efficient cleaning schedules should be adopted such as prioritizing safety-critical washing over
cosmetic cleaning, during prolonged dry periods.

Extreme Cold

Cold-weather track and fastening checks should be conducted at the train storage and parking area to
find contraction-related gaps, fractures or misalignment.

De-icing and snow/ice removal plans should be implemented particularly at train storage and parking
area to keep switches responsive and prevent derailment risk.

Protective measures for exposed electromechanical equipment should be applied to maintain
reliability.

Hail

Entrance canopies, fagade panels and glazing fixings at the station entrance structures should be
inspected and critical fasteners should be tightened or replaced.

Impact-resistant covers for outdoor electromechanical cabinets at the train storage and parking area
should be installed and spare parts should be stocked for quick replacements.

Sensitive assets or tools should be sheltered under covered areas when hail alerts are issued.
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