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Executive Summary

Orange and Rockland Utilities, Inc. (“O&R” or “the Company”), has been committed to increasing
the resilience of the electric system for decades. In the face of climate change, it has become
increasingly important to understand the impact that different weather events and climate
hazards have on the electric system as it will continue to shape the Company’s actions and
investment priorities to support enhanced system resiliency and restoration capabilities.

O&R performed the Climate Change Vulnerability (“Study”) with support from ICF's climate
resilience experts (“the Study Team”). The Study incorporates climate data provided by the New
York State Energy Research and Development Authority (“NYSERDA") in partnership with
Columbia University. In November 2023, O&R will file a Climate Change Resilience Plan (“CCRP"),
which will discuss climate adaptation measures the Company will implement over the next 10,
and 20 years, with more details for the first 5 years.

As an affiliate of Consolidated Edison Company of New York, Inc. (“CECONY”),' O&R also benefits
from the extensive work that CECONY has undertaken to date related to climate change. In
particular, in 2019, CECONY published a Climate Change Vulnerability Study' that explored a
wide suite of potential adaptation solutions and a subsequent Climate Change Implementation
Plan (“CCIP")' that committed the Company to updating its planning, design, and operations

"O&R and CECONY are referred to collectively as “the Companies.”
iTo view the full 2019 Con Edison CCVS see

i To view the full 2020 CCIP see
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process to incorporate climate change. O&R has integrated the findings from past CECONY
reports into the Study, as appropriate."

The Study provides:

- A presentation of projected changes in climate affecting the O&R service territory based
on recent studies;

- A prioritization of specific climate changes that may impact the O&R electric system; and

- Asuite of potential adaptation strategies that O&R will evaluate and consider further in
the Company's CCRP.

Short summaries of these items are set forth below.

Climate Science

Climate science and advanced climate models are used to develop forward-looking projections
that aid in the evaluation of potential vulnerabilities to assets, operations, and systems. Climate
models are periodically updated and revised by scientists to account for observed conditions
and improved modeling techniques (see Figure 1 below). O&R is committed to using the best
available climate science to inform its planning decisions as relevant new data becomes
available.

The Study leverages several data sources to develop a full understanding of the climate risks
facing the Company. These sources include:

- New statistically downscaled global climate projections developed by Columbia
University and supported by NYSERDA in 2022;"

. Sea-level rise projections from Columbia University and NYSERDA;

- Updated rainfall projections from the Cornell University intensity-duration-frequency
(“IDF") curves;

. Prior analysis from a Massachusetts Institute of Technology (“MIT”) study’" for National
Grid with informational wind and ice projections;? and

- Numerous research papers and academic studies.

Future climate change is uncertain, and climate model projections account for a range of
possible futures based on different emissions scenarios. The Study used statistically downscaled

¥For background information on climate science and energy systems view the 2019 Con Edison Report https://www.coned.com/-
/media/files/ConEd/documents/our-energy-future/our-energy-projects/climate-change-resiliency-plan/climate-change-vulnerability-
study.pdf?la=en

¥ Downscaled from the Coupled Model Intercomparison Project 6 dataset.

v Note that the Arabic numbered notes may be found in the References section below
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climate projections developed by Columbia University and NYSERDA in 2022.Vi These projections
draw on an ensemble of Coupled Model Intercomparison Project Phase 6 (“CMIP6") Global
Climate Models (“GCMs") Vi and two future greenhouse gas emissions trajectories based on
Shared Socioeconomic Pathways (“SSPs”), aligning with the latest climate science developed for
the Intergovernmental Panel on Climate Change Sixth Assessment Report.3 Climate change
pathways provide an understanding of projected climate change in the O&R service territory and
benchmark values for design parameters to plan to and make O&R's electric system more
resilient to potential climate change risks. The pathways are based on the downscaled climate
projections for variables related to a range of climate hazards, including temperature,
precipitation, and sea-level rise. With input from internal and external stakeholders, O&R
selected the climate change pathway of SSP5-8.5, 75t percentile, to use in the evaluation of
asset vulnerability. SSP5-8.5 represents high, largely unmitigated future greenhouse gas
emissions and therefore addresses the potential for worse-case climate change outcomes. See
Climate Data Methods for a more detailed overview of the methodology.

Vi For information on the prior NYSERDA report, see https://www.nyserda.ny.gov/About/Publications/Energy-Analysis-Reports-and-
Studies/Environmental-Research-and-Development-Technical-Reports/Response-to-Climate-Change-in-New-York

Vil projections for daily temperature and precipitation variables are drawn on an ensemble of 16 GCMs and projections for hourly temperature
and humidity variables are drawn on an ensemble of 14 GCMs.
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(a) Global temperature change
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(b) Global land precipitation change
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Figure 1. Climate change projections for several hazards

(& Orange & Rockland




Climate Change Vulnerability Study | Executive Summary

Physical and Operational Vulnerabilities

In the Study, O&R develops an understanding of the electric system’s key physical and
operational vulnerabilities to climate change. Developing this detailed understanding of key
vulnerabilities is an important step toward identifying priority adaptation measures for inclusion
in the CCRP. The final prioritization of physical risks is shown in Table 1 as high (red), moderate
(yellow), or low (green).

Temperature and

Temperature Variable (TV) Flooding Wind & Ice
Substations Moderate Low
Overhead Transmission Moderate Moderate Moderate
Overhead Distribution Moderate Low
Underground Transmission Moderate Moderate Low
Underground Distribution Moderate Moderate Low
Company Facilities Moderate Moderate Low

Green: Asset/system has low vulnerability to the given climate hazard.

Yellow: Asset/system is moderately vulnerable to the given climate hazard. Vulnerability is typically driven by assets’ propensity to experience
degradation from exposure to hazard overtime.

Red: Asset/system is highly vulnerable to the given climate hazard. Vulnerability is typically driven by asset’s high sensitivity or a significant
expected increase in magnitude of given climate hazard, resulting in a high risk of major failure or severe degradation of service.

Table 1. Summary of Vulnerabilities.

Additional information on the physical and operational impacts for each hazard is provided
below.

{|F Temperature and Humidity

Temperature and humidity represent a moderate concern for O&R'’s physical assets, as shown in
Table 1 above. Higher temperatures can cause reductions in capacity for certain equipment,
accelerated degradation (potentially leading to failures and decreased system reliability), as well
as physical impacts such as increased line sag.*> When high temperatures coincide with high
humidity, O&R typically experiences a spike in electric demand due to increased air conditioning
use. In extreme situations, reduced capacity and increased demand could lead to capacity
shortfalls or equipment failure. Increasing temperature and humidity have the potential to
cause an increase in frequency of customer outages and higher repair costs.
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Higher temperatures and temperature variable (“TV") also represent a risk to O&R'’s operational
processes:

- Load forecasting and load relief planning calculations are heavily influenced by
temperature, as high temperature increases demand;

- Higher average temperatures can accelerate vegetation growth, increasing the risk of
vegetation contact with power lines; and

- Higher temperatures can also pose a risk to O&R staff who work in the field.

The above risks are somewhat moderate because projected temperature changes in the O&R
service territory are relatively gradual through 2050 and beyond.

— Flooding

Flooding represents a high priority hazard for O&R, especially for several specific substations. The
O&R service territory is expected to experience increased flooding due to sea-level rise in the
Hudson River and increasing heavy precipitation, which increases the risk of inland and riverine
flooding. Tidal flooding is driven by a combination of tidal factors and wind-driven storm surge,
both of which can be exacerbated by sea level rise and more intense tropical or extratropical
cyclones. Extreme storms, such as hurricanes, are likely to increase in frequency and intensity,
bringing with them potential increases in the frequency and intensity of storm surge.

The latest climate science finds that a 16-inch rise in sea level by 2050 (relative to 1995-2014 sea
levels) and higher precipitation could expose three Company substations to flooding in a 1-in-
100-year (1% annual chance) flood. The O&R service territory has experienced recent extreme
rainfall events that underscore the risk of flooding. In July 2023, for example, the service territory
experienced a 1-in-1,000-year (0.01% annual chance) rainfall event (see Figure 2 below). Events
like these are projected to occur more frequently due to climate change, posing a greater risk of
equipment damage, ongoing corrosion issues, and reduced access if surrounding roads are
flooded. These impacts could result in more frequent outages with longer repair times and
higher costs of recovery.
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Figure 2. 1-in-100 and 1-in-1000, year rainfall events on July 9-10, 2023.

An increase in flooding due to sea-level rise, precipitation, or storm surge will also likely result in
more frequent activations of O&R’s emergency response procedures, as well as additional
hinderances (e.g., blocked roadways) to system repairs. Although the Company has developed a
robust emergency management framework, an increase in extreme events could still impact the
Company'’s resources and delay recovery.

=9 Wind and Ice
- *

Wind and ice have historically been difficult to model due to their highly localized nature. To
inform the Study, O&R acquired an additional data set from MIT that provides informational
insight into future wind speeds and radial icing potential. This data set and other studies
summarized in the Wind and Ice discussion demonstrate that wind speeds will likely increase,
and there will remain a risk of radial icing. Extreme storms such as hurricanes can cause wind
speeds to increase far beyond typical average speeds, and the wind speeds of the most
intense hurricanes are projected to increase. The frequency of freezing rain and radial icing are
projected to decrease as the atmosphere warms, but there could be larger snowfall totals for
the largest snow events and increased radial ice accumulation. The magnitude of this trend
remains highly uncertain due to the specific atmospheric conditions required for ice storms to
occur.

These potential changes in wind and ice present an especially large risk to overhead distribution
equipment. Although overhead distribution assets, including conductors, attachments, and
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cross-arms, are built to withstand defined design tolerances for combined wind and ice loading,
they are frequently adjacent to neighboring vegetation that may be downed during these events
caused by off right-of-way trees. Tree contact can cause lines to disconnect and fall, and can
even lead to pole collapse, especially older poles or those with existing damage. This would
result in asset failure, leading to outages and restoration costs.

Changes in storm frequency and intensity also present a risk to O&R’s emergency response
capabilities. More frequent activations could impact the Company’s available staff and spare
equipment resources.

/!\, Extreme and Coincident Events

GCMs are limited in their ability to resolve extreme weather events due to the small spatial and
time scales at which these events occur, the shortness of the historical record relative to the
rarity of the events, and the complex and rare environmental and meteorological conditions that
promote their formation. This necessitates an evaluation of extreme events using historical
analogs and projections from scientific literature. This assessment supplements the projections
developed by Columbia University to provide a broader understanding of potential future
extreme events under the influence of climate change in the O&R service territory. Each extreme
event characterizes the differing projected future changes in terms of frequency and intensity
across the O&R service territory.

- Hurricanes and tropical cyclones are projected to increase in maximum sustained wind
speed and wind gust intensity but will likely experience no change in overall frequency.

- Snow and ice events will likely decrease in frequency as the atmosphere warms, but
there could be larger snowfall totals for the largest snow events and increased radial
ice accumulation.

. Cold snaps and polar vortex events will likely decrease in frequency, but complex
processes amplified by climate change, such as Arctic amplification, could worsen some
cold snaps and polar vortex events.

. Drought and wildfire are projected to increase in both frequency and intensity, due to
projected increases in temperature, dry conditions, and the occurrence of lightning
strikes.

. Lightning and tornadoes could potentially increase in frequency and intensity due to
projected changes in atmospheric conditions that facilitate thunderstorms and their
associated severe weather, such as projected increases in temperature coupled with
increases in atmospheric water vapor.
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Looking Ahead

In November 2023, O&R will file a CCRP with the Public Service Commission (“PSC"), as required
by Public Service Law (“PSL") 866(29). The CCRP will include an investment plan with adaptation
measures to address physical and operational vulnerabilities identified in the Study, reflecting
the latest climate data.

The CCRP will incorporate the overarching resilience framework developed as part of Con
Edison’s 2019 CCVS and jointly adopted by the Companies. The benefit of this framework is that
it encourages holistic thinking about the types of measures that help build a more resilient
system. The framework encompasses investments to:

- Prevent climate change impacts by hardening infrastructure;
- Mitigate the impacts from outage-inducing events by minimizing disruptions; and

- Respond rapidly to disruptions by reducing recovery times and costs.

O&R will update the Study every five years.® Doing so will help the Company to account for
observed events, stay apprised of the latest advancements in climate change projections, and
allow the Company to re-assess its priority vulnerabilities as it learns from its investments in
resilience. The Company will also continue to engage stakeholders and improve communication
with customers and municipal officials.
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Background

O&R is an investor-owned utility serving Orange, Rockland, and Sullivan Counties in New York
State. O&R provides electric service to over 234,000 customers in New York ™ and more than
130,000 natural gas customers in New York. The O&R electric system includes over 500 miles of
electric transmission lines, almost 4,000 miles of overhead electric distribution lines, and over
1,800 miles of underground electric distribution lines.

New York State has experienced detrimental climate events that have caused damage to many
of its communities and infrastructure. Temperatures in the State have increased almost 2.5°F
since the beginning of the 20%" century, and heavy precipitation events are occurring more
frequently and with greater intensity.” Much of New York, including Orange and Rockland
Counties, experienced intense flash floods during a rainstorm event in July 2023. The storm
caused severe damage to homes and infrastructure. The area has also experienced intense wind
events that have led to service interruptions across the O&R service territory as recently as July
2023. Research shows that a range of climate hazards, including temperature, precipitation, and
winter storms, will continue to affect the State and are projected to increase in severity due to
climate change.® Without investment in storm hardening and resilience measures, the impacts
from climate hazards will make it increasingly difficult for energy utilities to provide reliable and
safe power to their customers.

As a result of the Tropical Storm Isaias experience in 2020 and other mounting threats, the New
York State Senate passed a new subdivision law? that requires New York electric utilities to
develop a CCVS and CCRP for their transmission and distribution systems. The goal is to better

* As of 12/15/23.
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prepare utilities for the adverse effects of climate change and identify opportunities for
improving system resilience. Soon after the law was passed, the PSC initiated a proceeding, Case
22-E-0222,"9 which will implement the legislative requirements. O&R, along with other electric
utility companies subject to the PSL §25-a,'" are required to submit a CCVS to the PSC by
September 22, 2023.

To fulfill this requirement, the Company prepared the Study with support from ICF's climate
resilience experts and NYSERDA (in partnership with Columbia University's Lamont-Doherty
Earth Observatory).

Baseline Assumptions

The Study summarizes O&R's vulnerabilities to climate change hazards. In doing so, it relies
upon the following two baseline assumptions.

O&R’'s system as it exists today. Over the next 20+ years, there will be changes in technology
and policy that will alter O&R'’s electric system. Some of these changes may be relatively clear
today, while others have not even been considered. To focus the analysis, the Study considers
O&R's system as it exists today, not as it may evolve in the future. This assumption makes it easier
and clearer to discern the potential impacts of climate change on the Company’s electric system.

Climate consistency across the O&R service territory. O&R is committed to using the best
available climate science to evaluate potential risks. As discussed in more detail below, this
meant partnering with Columbia University and NYSERDA to access the most recent climate data
available for the region. Two weather stations, near the O&R service territory, were used to
provide climate projections: Mohonk and Dobbs Ferry. These weather stations provide useful
data to evaluate risks but do not capture more granular nuances that may exist within the O&R
service territory. Based on this limitation, for the purposes of the Study, the Company has
assumed that projections of temperature, humidity, wind, and precipitation at these weather
stations are applicable across the entire O&R service territory. Flooding, however, is highly
geographically dependent and has been evaluated against specific asset locations.
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Summary of Priority Hazards

While climate change will impact a number of weather events, the scope of the Study analyzes
the following three key hazard categories: temperature and humidity, flooding (including
sea-level rise and changes in precipitation), and wind and ice. The Study Team selected
these hazards based on their potential to impact the Company’s assets, as well as their potential
future magnitude and frequency as a result of climate change. The Study Team found that while
all climate hazards have the potential to impact O&R'’s assets and operations, the three selected
hazards pose a much larger risk than others.

Temperature and Humidity. The majority of the O&R system will see impacts due to rising temperatures, and
3: those impacts will be amplified during intense heat waves. Increasing temperature variable will cause an increase
in electric loading and slight equipment degradation.

Flooding. O&R has already experienced inland and coastal flooding events that have impacted the Company’s
—_— assets, and that risk is expected to worsen. Specific O&R substation sites have been identified to be especially
vulnerable to flooding.

Wind and Ice. Projections indicate a potential for higher wind speeds and stronger icing events in the future.
= Vegetation contact during high wind events represent a high risk to the overhead distribution system, especially
when combined with snow or icing events.

Importance of Equity

O&R recognizes the increasingly important role that equity plays in resilience planning efforts
and has been deliberate about incorporating equity considerations into the planning process for
investments, including the CCRP. It is critical to consider how disadvantaged communities
(“DACs") may be disproportionately affected by climate change and what O&R can do to provide
reliable and resilient service to those communities.

On March 27, 2023, the New York Climate Justice Working Group (“CJWG") '? voted to approve
and adopt a comprehensive list of criteria that defines disadvantaged communities based on
socioeconomic data (e.g., energy burden, poverty rate). Figure 3 below shows the CJWG map of
DACs in the O&R service territory. Spatial comparisons can be drawn between DAC and climate
hazard data to help distribute and prioritize benefits associated with resilience strategies.

As O&R advances through the climate change resilience planning and implementation process,
there will be a need to prioritize adaptation projects for implementation, and equity will be an
important consideration in that process. As such, equity will appear as a topic of more detailed
discussion in the CCRP.
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Figure 3. Map of DAC areas in the O&R service territory (shown in blue).

The Company has formed an Environmental Justice Working Group and Executive Steering
Committee and plans to release a finalized Company Environmental Justice Policy Statement in
2023 to apply an equity lens to investments. Key components of the upcoming policy statement
include commitments that:

Operations will not disproportionately burden DACs;
O&R will work to understand DAC concerns;
Clean energy investments will benefit DACs; and

O&R will provide opportunities for employment in its clean energy future.

These considerations will inform the application of resilience measures identified in the CCRP
and help direct investments with the achievement of equity as an objective.
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Climate Data and Future Projections

Earth’s climate is changing in response to both natural and human-caused drivers. The past
decade was the warmest on record, and global atmospheric warming has increased at a faster
rate since the 1970s than in any other 50-year period, based on reconstructions from
paleoclimate archives and direct observations. '3 Furthermore, the global climate science
community attributes recent accelerated warming to corresponding increases in human-caused
greenhouse gas emissions. 4

A growing body of research reveals that a range of climate hazards will likely increase in
frequency and intensity due to climate change. '™ '® A warmer atmosphere will increase the
frequency, intensity, and duration of heat waves; hold more water vapor for heavy precipitation
events; and accelerate ice loss from large ice sheets, exacerbating sea-level rise and coastal
storm surge. Extreme weather, such as heatwave and heavy precipitation events has already
become more frequent and intense across most land regions since the 1950s. ' As a result,
climate change presents the potential for worsening climate hazards and challenges in the O&R
service territory.

Climate Data Methods

Data Sources

The Company is committed to using the best available science to understand the impacts of
future climate change in the O&R service territory. Climate science models project changes in
Earth's climate for future decades using different scenarios of human actions, greenhouse gas
emissions and concentrations, and global temperatures. Projections from the Cornell intensity-
duration-frequency (“IDF”) curves supplement the precipitation projections and provide
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information on the 4% annual chance (i.e., 25-year) 24-hour precipitation totals in the O&R
service area for the CMIP5 Relative Concentration Pathway (“RCP”) 8.5 emissions scenario.* X

Projections are relative to a baseline
corresponding to observations from 1981-
2010*" at the Dobbs Ferry and Mohonk
weather stations (see Figure 4 below) to
represent Orange County, Rockland County,
Sullivan County, and surrounding areas. The
Mohonk weather station was found to be
the closest match to Spring Valley, while the
Dobbs Ferry weather station better
captures the warmer urban environment.
The Mohonk weather station has previously
been used for O&R planning, as the
historical conditions at the Mohonk weather
station best match conditions at the Spring
Valley weather station. While the recent
historical period of 2011-2023 is not part of
the baseline calculation for temperature

The baseline time period for the
climate projections for temperature and
precipitation variables used in this
assessmentis 1981-2010. It is
important to note that this does not
include recent events such as the heat
waves experienced in the O&R service
territory over the past several
summers, including the July 2023 heat
wave and flash flooding events that
impacted the O&R service territory,
along with much of the Northeastern
Us.

and precipitation variables*, recent trends toward warmer temperature extremes in line with
model projections have been observed. Forward-looking projections are developed at decadal

time horizons from the 2030s to the 2080s.

The SSPs represent scenarios of projected socio-economic and technological changes and are
used to develop emissions scenarios.'® Climate projections provide a range of plausible climate
futures, reflecting uncertainty in future greenhouse gas concentrations, climate sensitivity to
greenhouse gas increases, natural climate variability, and other factors. The range of projections
can be evaluated quasi-probabilistically using percentiles, where the 10t™, 50, and 90t
percentiles represent the low end, median, and high end of the projection range, respectively.

The Study also uses sea-level rise projections developed by Columbia University and NYSERDA.
The sea-level rise projections use a combined ensemble of SSP2-4.5 and SSP5-8.5 projections for
a statewide composite of local projections at Montauk Point, the Battery tide gauge, and Troy

* Historical heavy rainfall is provided by the NOAA Atlas-14 for the entire U.S. A point-and-click map interface with historical heavy rainfall
amounts based on IDF estimates and 90% confidence intervals can be found on their website

(https://hdsc.nws.noaa.gov/pfds/pfds map_cont.html?bkmrk=ny).

X Rainfall return period projections use the ensemble mean rather than the 75th percentile because they use a different methodology than other
climate projections used in this guidance and cataloged in the lifecycle tables. This information is publicly available through Cornell University

(http://ny-idf- projections.nrcc.cornell.edu/index.html).

Xi The baseline represents a period centered on the 1990s and was used in the most recent CMIP6 projections. It does not include the recent
period of 2011-2023, during which weather and climate events (e.g., heat waves) may have occurred.
Xt The most recent historical period of 2015-2023 is not part of the baseline calculation for sea level rise.
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Dam.*V Sea-level rise projections draw from an ensemble of GCMs and are relative to a 1995-
2014 baseline time period.
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Figure 4. Columbia Dataset Weather Station Locations Relevant to the O&R's Service Area.

The climate projections developed by Columbia University and NYSERDA do not address some
extreme events such as tropical storms, wind gusts, and wildfire. This is due to the rarity of
those types of events relative to the historical record and the limited ability of current GCMs to
resolve the small space and time scales over which they occur. To address this, the Study uses a
combination of literature review and supplementary dynamically downscaled climate
projections to evaluate the potential for worsening extreme weather in the O&R service territory
due to climate change. The extreme weather events literature review supplements the climate
projections to illustrate expected changes and impacts in extreme events and provide a broader
understanding of complex hazards in the O&R service territory.

XV Projections for the Albany/Troy Dam are calculated using the data for the Battery and are adjusted for the appropriate rate of vertical land
motion. The values for vertical land motion at the Battery are removed and then the local rate at the Albany/Troy Dam is added in. This is
consistent with prior methods used in Horton et al., 2011;2014.
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O&R’s Selected Pathway and Climate Variables

Climate change pathways (“pathways”) are a single set of climate projections based on an SSP
and percentile that characterize how much and when climate hazards will change in the O&R
service territory. O&R has selected a set of pathways to acknowledge uncertainty in future
greenhouse gas emissions and to characterize future changes in temperature, humidity,
precipitation, and sea-level rise. The selected pathways are based on a range of underlying
considerations, including climate science, external benchmarking, high-level system sensitivity,
and potential co-benefits. O&R sought pathways that would broadly align with regional
benchmarks, including industry shifts in climate change risk tolerance and changes in external
standards or codes (e.g., New York State Community Risk and Resiliency Act).

The pathways the Company selected provide standardized climate change projections to inform
the analysis of vulnerabilities and to guide adaptation efforts. O&R’s pathways for temperature,
precipitation, and related variables use upper-range climate projections based on a high
emission scenario. Specifically, O&R will use the 75th percentile of the SSP5-8.5 projections for
temperature, precipitation, and related variables, representing the upper end of the middle
range estimates for this. SSP5-8.5 represents largely unabated global greenhouse gas emissions
through 2100 and provides a high risk-aversion lens through which to plan for potential climate
change. O&R’s pathway for sea-level rise will use the 50t percentile of the combined SSP2-4.5
and SSP5-8.5 projections. SSP2-4.5 represents some actions taken to reduce global greenhouse
gas emissions through 2100 and provides a lower risk aversion lens to plan for potential climate
change. These pathway selections for O&R are in alignment with Con Edison’s pathways.

Tailored Climate Data Analysis

The Company identified in Table 2 below a
list of prioritized climate variables that
could present outsized impacts to

A Climate hazard is a climate related
trend that may cause damage. Climate

operations, planning, and infrastructure. variables address a range of climate

The variables include both gradual and hazards through projections tailored to
extreme impacts of climate change. Gradual the sensitivities and constraints of O&R'’s
impacts are those that evolve slowly over system that relate plausible impacts of
time and extend to larger geographic areas, climate change.

such as changes in cooling degree-days or

sea levels relative to baseline. Extreme

impacts (i.e., extreme events) are outsized risks compared to gradual hazards and may demand
larger emergency response efforts than those experienced historically, such as a hurricane with

* |ce and winter precipitation were not included as a hazard because such events are expected to decrease in frequency as temperatures warm.
In addition, O&R has historically experienced these events and therefore has a robust response system in place.
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extreme wind gusts and storm surge. The prioritized variables, categorized by hazard, include
the following:

Hazard Prioritized Variables

Extreme Heat  Days per year with maximum daily temperature above 95°F
Days per year with average daily ambient temperature above 86°F
Number of heat waves per year with 3 or more consecutive days over 90°F
Maximum duration of heat waves per year with maximum temperatures over 95°F
Maximum duration of heat waves per year with maximum temperatures over 90°F
Maximum duration of heat waves per year with average temperatures over 90°F
Highest annual maximum daily temperature

Heat Index Days per year with heat index exceeding 91°F
Days per year with heat index exceeding 95°F
Days per year with heat index exceeding 103°F
Days per year with heat index exceeding 115°F

Extreme Cold  Annual coldest daily temperature

Heavy 5-day maximum precipitation

Precipitation
Days per year with >2 inches of precipitation

Return period  25-year, 24-hour precipitation event
precipitation

Energy Cooling Degree Days
Demand

Heating Degree Days
Temperature Days per summer with TV >85°F
Variable (TV)

Summer daily TV
Coastal Flooding Projected sea level rise

Inundation extent and depth
Inland Flooding  100- and 500-year floodplain extent

Wind MIT projections of maximum hourly wind speeds

Review of scientific literature for wind gusts
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Hazard Prioritized Variables

Extreme Events  Hurricanes and tropical cyclones
Snow and ice
Cold snaps and polar vortex events
Drought
Wildfire
Lightning and tornadoes

Multiple extreme weather events

Note: See the Study Appendix for all prioritized variables.

Table 2. Prioritized climate variables used in this Study, categorized by climate hazard.

Climate Data Results

The Study Team characterized historical and future changes in temperature, humidity,
precipitation, sea-level rise, and extreme events within the O&R service territory. The sections
below provide an overview of projected climate changes relevant to the O&R service territory,
using projections for Mohonk and Dobbs Ferry as primary reference points.

35 Temperature

Columbia and NYSERDA projections show that climate
change could increase both average air temperatures
and extreme heat throughout the rest of the 215t century,
relative to historical conditions (see Figure 5 below).
Warmer temperatures are projected to lead to overall
drier local conditions by increasing surface temperature could reach
evapotranspiration.* This can lead to increasing up to 112°F in Dobbs
frequency and intensity of droughts, particularly during Ferry by the 2080s.

the summer. Climate projections reveal increases in
temperature as shown by the following sample
temperature variables:

The maximum duration
of heat waves over 95°F
could reach 14 days and
the hottest maximum

- Projections show that, by 2050, the number of days per year when average
temperatures exceed 86°F could reach up to 20 days per year from a baseline of 1 day
in Dobbs Ferry, and up to 8 days per year from a baseline of 0 days in Mohonk.

“i The process by which water is transferred from the soil to the atmosphere by evaporation and from plants to the atmosphere by transpiration.
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- Projections show that, by 2050, maximum temperatures could exceed 95°F for up to 35
days per year from a baseline of 4 days in Dobbs Ferry, and up to 13 days per year from
a baseline of 1 day in Mohonk (see Figure 5 (a) below).

Multi-day heat events, known as heat
waves, can impact the electric system
because they drive demand for air
conditioning and stress the electric
infrastructure. Projections show that the
number of heat waves, defined here as 3 or
more consecutive days when average
temperatures exceed 90°F, could reach up
to 3 events per year by 2080 in Dobbs Ferry,
relative to a baseline of 0 events, and up to
2 events per year by 2080 in Mohonk,
relative to a baseline of 0 events (see Figure
5 (b) below). Additionally, the maximum
heat wave duration with maximum
temperatures exceeding 95°F could reach
up to 14 days per year by 2080 in Dobbs
Ferry, relative to a baseline of 2 days, and
up to 10 days per year by 2080 in Mohonk,
relative to a baseline of 1 day (see Figure 4

Applying the Science to Vulnerability
Assessment: Temperature

To use temperature projections in the
vulnerability assessment, the Study
Team selected the most relevant
temperature variable for each asset
group and evaluated exposure based
on that variable. For example, knowing
the number of days over 104°F per year
is important for substations because
transformers are designed with a
reference temperature of 104°F, but for
underground conductors, it is more
useful to know how the average
ambient temperature will change.

(c) above). Furthermore, projections show that maximum temperatures could reach up to 112°F
by 2080 in Dobbs Ferry and up to 108°F in Mohonk by 2080 (see Figure 5 (d) below).

Additionally, projections show that the coldest minimum temperatures could increase to 15°F in
Dobbs Ferry and 9°F in Mohonk by 2050, relative to baselines of 3°F and -5°F, respectively.
However, these projections do not account for the possibility of future severe cold snaps, which
are not fully captured by the climate models. Findings from the extreme weather events
literature review show that complex processes amplified by climate change, such as Arctic
amplification and a weakening of the polar vortex, could produce extreme cold snaps in the O&R
service territory even though, on average winter temperatures are projected to be warmer. '?
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Figure 5. (a) Projected days with maximum daily temperatures exceeding 95°F in Dobbs Ferry and Mohonk,
relative to a baseline of 4 days for Dobbs Ferry and 1 day for Mohonk. (b) Projected number of heat waves
per year with ambient daily temperatures over 90°F in Dobbs Ferry and Mohonk, relative to a baseline of 0.
(c) Projected annual maximum heat wave duration with maximum daily temperatures exceeding 95°F in
Dobbs Ferry and Mohonk, relative to a baseline of 2 days for Dobbs Ferry and 1 day for Mohonk. (d)
Projected hottest annual maximum daily temperatures in Dobbs Ferry and Mohonk, relative to a baseline of
97°F for Dobbs Ferry and 93°F for Mohonk.
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35 Temperature, Humidity, and Peak Load

High heat and humidity make temperatures feel warmer, and, in turn, increase electric demand
in @a manner that cannot be captured by temperature alone. To address this, the Company
currently evaluates the potential for high loads using an index referred to as TV,* which
incorporates considerations of temperature and humidity.

Columbia and NYSERDA projections show that the average number of days per year with
maximum summer daily TV exceeding 85°F at Mohonk and Dobbs Ferry could increase as early
as 2030, relative to the historical baseline time period. Projections show that days with
maximum summer TV exceeding 85°F could become more common (see Figure 6 below),
relative to a baseline of 1 day per year in Dobbs Ferry and 0 days per year in Mohonk, occurring
up to:

. 2050:18 times per year in Dobbs Ferry and 14 times per year in Mohonk; and
- 2080: 51 times per year in Dobbs Ferry and 43 times per year in Mohonk.

Days With Maximum Summer Electric TV
Exceeding >85°F

55 M Dobbs Ferry
5ol W Mohonk

351 | | | -
30 | i i i
25 | - -
20 | i i
15 | ‘
10 |
- mil
ok
1 1 | | 1 1

2030 2040 2050 2060 2070 2080
Year

Figure 6. Projections for days with maximum summer TV exceeding 85°F in Dobbs Ferry and Mohonk,
relative to a baseline of 1 day per year for Dobbs Ferry and 0 days per year for Mohonk.

Number of Days per Year

Wi Temperature variable is calculated using the weighted time integration of the highest daily recorded 3-hour temperature and humidity over a
3-day period. The historical reference TV for O&R is 85°F, which approximates a heat index of 105°F.
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a) Baseline Dobbs Ferry Summer TV Frequency b) 2030 Dobbs Ferry Summer TV Frequency
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Figure 7. (a) Distribution of historical summer daily TV at Dobbs Ferry. (b) Distribution of 2030 projected
summer daily TV at Dobbs Ferry. (c) Distribution of 2050 projected summer daily TV at Dobbs Ferry (d)
Distribution of 2080 projected summer daily TV at Dobbs Ferry. 2030,2050, and 2080 projections use the
SSP5-8.5 75th percentile pathway.

Figure 7 above and Figure 8 below show a positive (warming) shift in the Mohonk and Dobbs
Ferry weather stations’ summer daily TV distribution in 2030, 2050 and 2080 relative to historical
baseline, leading to more days exceeding the historical maximum at both stations.
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a) Baseline Mohonk Summer TV Frequency b) 2030 Mohonk Summer TV Frequency
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Figure 8. (a) Distribution of historical summer daily TV at Mohonk. (b) Distribution of 2030 projected summer
daily TV at Mohonk. (c) Distribution of 2050 projected summer daily TV at Mohonk. (d) Distribution of 2080
projected summer daily TV at Mohonk. 2030, 2050, and 2080 projections use the SSP5-8.5 75th percentile
pathway.

Cooling Degree Days (“CDD") and Heating
Degree Days (“HDD") are defined as the
cumulative sum of the difference between the
average daily temperature and 63°F across

Applying the Science to
Vulnerability Assessment: TV

the entire year (where a temperature above To evaluate TV against O&R's assets,
and below 63°F is considered 0 HDD and 0 the Study Team looked at the number
CDD, respectively). HDD and CDD are used as of days per year with summer daily TV
indices for heating and cooling energy exceeding 85°F.

requirements, respectively, relative to outdoor

air temperatures. At Dobbs Ferry, projections

show that CDD could increase from a baseline of 1,602 per year up to 2,800 per year by 2050
and 3,785 per year by 2080. Projections show similar increases in CDD at Mohonk. Alternatively,
projections show that HDD could decrease throughout the century as winters warm at both
Dobbs Ferry and Mohonk, as shown in Table 3 below.
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Units Location Baseline 2030 2050 2080

CDD Mohonk 1,402 2,078 2,542 3,598
Dobbs Ferry 1,602 2,313 2,800 3,785

HDD Mohonk 4,904 4,230 3,809 3,136
Dobbs Ferry 4,230 3,576 3,181 2,552

Table 3. Projected number of CDD and HDD for Mohonk and Dobbs Ferry, relative to a baseline of 1,402 CDD
and 4,904 HDD for Mohonk, and 1,602 CDD and 4,230 HDD for Dobbs Ferry.

(L} Precipitation
' &4

Columbia and NYSERDA projections of maximum 5-day precipitation values provide insight into
large, prolonged rainfall events that could swell rivers and streams, leading to adjacent flooding.
Projections show that maximum 5-day precipitation could increase 13% (to 5.7 inches) by 2050 at
Dobbs Ferry, relative to a baseline of approximately 5 inches. Similarly, maximum 5-day
precipitation could increase 15% (to 6.0 inches) by 2050 at Mohonk, relative to a baseline of 5.2
inches. Days with more than 2 inches of rain in a 24-hour period, a relevant threshold for urban
flooding and flash flooding after drainage systems are overwhelmed, are more closely related to
flash flooding events, which can overwhelm drainage systems and cause urbanized flooding, as
seen during Hurricane Ida in 2021. Projections show that the number of days per year with
precipitation exceeding 2 inches could increase 44% (4 days) and 45% (5 days) by 2050 at Mohonk
and Dobbs Ferry, respectively. The number of days per year with precipitation exceeding 2 inches
could increase 78% (5 days) and 77% (6 days) by 2080 at Mohonk and Dobbs Ferry, respectively,
relative to a baseline of 3 days. Overall, projections show that heavy precipitation in the O&R
service territory could increase throughout the century, as shown in Figure 9 below.

a) Change in 5-day Maximum Precipitation b) Change in Annual Days with Precipitation
exceeding 2 inches
801 M Dobbs Ferry (Baseline: 5 inches) T T 80 M Dobbs Ferry (Baseline: 3.4 days) 1
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Figure 9. (a) Percent change in maximum 5-day precipitation at Dobbs Ferry (orange bars) and Mohonk (dark
teal bars), relative to the baseline of 5 inches and 5.2 inches, respectively. (b) Percent change in annual days
with precipitation exceeding 2 inches at Dobbs Ferry and Mohonk, relative to a baseline of 3.4 and 3.1 days,
respectively.
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The O&R service territory experiences different forms of precipitation, including rainfall and
frozen precipitation (e.g., snow, sleet, freezing rain). Climate change is projected to result in
heavier precipitation because a warmer atmosphere holds more water vapor and provides
more energy for storms, among other factors. Furthermore, studies agree that the O&R service
territory is likely to see less snow in the future.?%2" 22 The Study Appendix provides
supplemental information on historical data and future projections of snow, ice, cold snaps,
and polar vortex events in the O&R service territory. Extreme Events also illustrate other
extreme event hazards that could be impacted by future changes in precipitation in the O&R

service territory, such as drought and wildfire.

== Sea-Level Rise and Tidal Flooding

A range of underlying factors can result in
sea-level rise, including the rate of ice loss
from glaciers and ice sheets, thermal
expansion of the ocean, atmosphere and
ocean dynamics, and vertical coastline
adjustments. Overall, sea-level rise is
projected to increase the frequency and
intensity of tidal flooding in the Company’s
service area (i.e., along the Hudson River),
even without the influence of changes in
coastal storms. Projections show sea levels
could rise 16 inches by the 2050s and 36
inches by 2100 relative to the historical
baseline time period of 1995-2014 at the
Battery tide gauge, as shown in Figure 10
below. i

Applying the Science to
Vulnerability Assessment: Flooding

To evaluate vulnerability, the Study
Team assessed precipitation, coastal
flooding, and inland flooding
together. Tidal flood risk was
assessed using the Hudson River Sea
Level Rise mapping tool, and inland
flood risk was assessed using the
Federal Emergency Management
Agency's (“FEMA") flood insurance
rate maps.

wii Sea-level rise projections are relative to the Battery tide gauge in lower Manhattan, the closest tide gauge to the O&R service territory. The

historical baseline time period is 1995-2014.

(& Orange & Rockland




Climate Change Vulnerability Study | Climate Data and Future Projections
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Figure 10. Historical and projected sea level rise at the Battery tide gauge in New York City (“NYC"). The dark
blue line shows historical mean sea level at the Battery tide gauge (NOAA Tides & Currents).?* The light blue line
shows the 50th percentile of the merged SSP2-4.5 and SSP5-8.5 sea level rise projections relative to the Battery tide
gauge, with a historical baseline time period of 1995-2014. Since 1992, the Battery tide gauge has experienced
approximately 5 inches of sea-level rise.

Sea-level rise will result in heightened and more permanent flooding along the banks of the
Hudson River, which may increase the perpetual inundation of coastal O&R assets. Future
Hudson River 100-year tidal floods along with sea-level rise are projected to affect the Lovett
substation.** The projected increased frequency and intensity of severe coastal storms will also
result in deeper and more extensive flooding, especially when coupled with sea-level rise. The
combined effects of sea-level rise and storm surge can permanently shift riverbanks inland and
result in added inundation of O&R assets.

The Study Team used the Hudson River Sea Level Rise Mapper to analyze future flood depths
and extents along the Hudson River, as a result of sea level rise and storm surge.2* The tool was
developed to inform municipal planning decisions and convey flood depths along the Hudson
River at a high resolution, for specific sea-level rise increments and storm scenarios. The Study
Team leveraged Columbia and NYSERDA sea-level rise projections at the Battery (see Figure 10,
above), and paired these with the 100- and 500-year storm surge scenarios to model coastal
floodplains in the O&R service territory into the future.

~ Inland Flooding

Several river systems run through the O&R service territory, including the Neversink, the Wallkill,
the Ramapo, and the Hudson. During and after periods of high precipitation, these rivers have

X Future 100-year inland flood is approximated by the current 500-year inland flood.
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the potential to overflow and inundate surrounding areas. Riverine floodplains are low-lying
areas adjacent to rivers that are susceptible to flooding during a storm or high-precipitation
event. FEMA 100- and 500-year floodplains refer to the areas of land that are flooded during the
100-year (i.e., 1% annual chance) flood event and the 500-year (i.e., 0.2% annual chance) flood
event. These floodplain extents do not account for expected changes in future flooding.

The FEMA 100- and 500-year inland

floodplains extend throughout the O&R iR <> P Inundation Depth
. . . 5 T (ft) as a result of

service territory, with the Iargest'and . i e 100 yoar

deepest areas of flooding occurring WA flood

adjacent to river systems. O&R leveraged
the FEMA flood data for Orange, Rockland,
and Sullivan Counties to generate flood
depth grids with a combination of the
FEMA Base Flood Elevation (“BFE”) data and
high-resolution county Digital Elevation
Models (“DEMs"). Figure 11 shows an
example depth grid adjacent to O&R’s
Hartley Road Substation in Orange County.

In the future, increased precipitation rates
from tropical cyclones could lead to a
greater risk of inland flooding. Given that

the FEMA floodplains are not forward- Figure 11. 100-year inland flood depths in an example
looking, the present-day 500-year floodplain adjacent to Hartley Road Substation,
floodplain has been selected to represent located in Orange County

the 100-year floodplain for a future with

increasing precipitation intensity. The 500-year floodplain shows more extensive flooding
throughout the O&R service territory than does the 100-year floodplain, and the highest levels of
flooding remain adjacent to river systems.

= Wind and Ice

Overall, O&R is likely to experience higher wind speeds and gusts during tropical cyclones,
extratropical cyclones, and thunderstorms in the future 2> and the potential exists for increased
radial icing intensity. Historically, strong winds associated with extreme weather events, such as
hurricanes, thunderstorms, and extra-tropical cyclones, have posed a risk to the O&R service
territory. These types of weather events are projected to become more intense (i.e., produce
stronger winds) in the future.?® The Study Appendix illustrates recent historical hurricanes and
their associated wind speeds.

Similar to hurricanes, nor'easters have historically been responsible for high winds, although
not as extreme as hurricane winds impacting the service area, and they are projected to
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increase in the future. The Study Appendix illustrates recent historical nor'easters and their
associated wind speeds.

In addition to the NYSERDA/Columbia climate data, O&R referenced a granular localized weather
projection data set, developed by MIT, for informational purposes. This dataset (“the MIT data”)
contains projections for several hazards that were not available in the Columbia data, such as
wind. The MIT data provide complementary insights to the NYSERDA/Columbia data with
localized projections, on hourly time resolution, of wind and ice in the O&R service territory.
Although limitations exist, the MIT data provide additional snapshots of climate change in the
near future to help understand potential risks.

Limitations of the MIT data include future

projections through only 2041 (instead of Applying the Science to

2080 from the Columbia dataset), a single Vulnerability Assessment: Wind
GCM and emissions scenario of the CMIP5
RCP 8.5, and limited baseline comparison with
O&R weather stations. Furthermore, the MIT
data does not account for low-frequency and
high-impact storm event types, such as
tropical cyclones, and may not be fully
calibrated for all extreme variables (e.g.,
deluge precipitation).

The Study Team evaluated projected
changes in average wind speed, as
well as expected changes in likelihood
of extreme wind events, such as
hurricanes.

The most common wind speeds between 2025 and 2041 at White Plains (the closest applicable
station for this data set) are between 11 and 17 mph, with peaking speed at

53.4 mph (see Figure 12 below). The wind speed distribution shows a large range of higher wind
speeds at White Plains in the MIT data. The strongest wind in the future projections occurs in the
summer. Overall, the strongest winds are projected to occur during the winter months in the
Northeastern United States. These winds are typically associated with strong polar cold fronts.
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Table 4 below summarizes the 2025- White Plains
2041 projected 1-in-5, 1-in-10, and 1-in-

20-year wind speeds at the White 0.10
Plains, Newburgh, Montgomery, Sussex, Max. 53.4
and Poughkeepsie weather stations 0.08 m:ggnﬁ-;1 |
based on the MIT data. The 1-in-5-year Stdev: 5.43
return period winds are projected to be 2
between 38.4 and 45.1 mph for the 2
analyzed stations, the 1-in-10-year a
return period winds between 41.5 and

48.4 mph, and the 1-in-20-year return

period winds between 43.1 and 52.4

mph. Overall, White Plains is projected 0.00
to have the strongest return period 0 5 10 15 20 25 30 35 40 45 50 55 60 65
winds, with Newburgh and Wind Speed (mph)
Poughkeepsie projected to have

Figure 12. A histogram of projected maximum daily wind
relatively weaker return period winds. speeds from 2025 to 2041 at White Plains, New York. The

maximum, mean, median, and standard deviation (stdev) can
be seen in the top right corner of the figure.

Return Period

Wind Speed White Plains Newburgh Montgomery Sussex Poughkeepsie
1-in-5-Years 45.1 38.4 41.6 42.7 39.6
1-in-10-Years 48.4 41.9 44.4 45.7 415
1-in-20-Years 52.4 46.3 47.6 49.7 43.1

Table 4. Summary of 2025-2041 Projected Return Period 1-Minue Sustained Wind Speeds (mph).

Scientific literature, including the Fourth National Climate Change Assessment and reports by
the New York City Panel on Climate Change, indicates that winds are projected to become more
intense, with higher wind speeds in the future largely due to more intense storms.27:2829
Warming atmospheric and ocean surface temperatures will likely lead to more intense tropical
cyclones in the North Atlantic, characterized by an increased frequency of major (Category 3+)
hurricanes and a northward migration of hurricane intensity.3%3" Warming temperatures and
increased moisture availability could also result in more favorable conditions for severe weather
during the warm season and increased potential for thunderstorm activity and resulting
extreme wind events. 32

While scientific research is aligned on an increase in extreme wind projections, the magnitude of
projected increases in future wind speeds have not reached a consensus due to uncertainty
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related to both modeling and physical processes. Potential changes in wind speeds provided in
scientific literature include:

- Average hurricane maximum wind intensity (winds greater than 33 m/s or
approximately 78 mph) could increase up to 2% in the near-term (2016-2035) and 4%
by late-century (2081-2100); 3334

- Maximum wind gusts in NYC could increase from 80 mph to 110 mph by mid-
century; 3>

. The 1-in-700-year return period wind speed in NYC is projected to increase from 115
mph to 124 mph by mid-century; 3¢

. Both average and maximum low-level wind speeds (10-meter height) associated with
moderate extra-tropical cyclones are projected to increase by approximately 3-4% by
the end of the century;?’

- The number of days with conditions favorable for severe thunderstorms could double
in NYC by late 215t century under a high emissions scenario; 3 and

- On average globally, environments favorable for thunderstorm development could
increase in frequency by 5-20% per 1°C warming. 3°

O&R's design standards for wind also include considerations of ice because both add stress on
overhead equipment. Freezing rain is relatively common during winter months, but intense ice
storms are rare. These events in the past have produced total ice accumulations of up to 2
inches, lasting from a few hours to upwards of five days. Impacts have ranged from a few hours
to over 2 weeks after storms pass, especially when followed by a prolonged cold spell.%0 Table
17 below illustrates historical analogs for ice storms impacting the O&R service territory, as well
as historical ice storms in surrounding areas.

Projections for the influence of climate change on ice storms are difficult to resolve and remain
highly uncertain due to the specific atmospheric conditions required for ice storms to occur
relative to other high-impact hazards.#' The MIT data, however, does provide some useful
insights. Annual radial icing (i.e., the sum of all radial icing over the year) projections from the
MIT data for White Plains show high interannual variability in both total radial icing accumulation
and the number of hours of radial ice accumulation (see Table 4 below). Projections also show
the potential for icing on occasion, as shown in the MIT projections for the years 2030 and 2040
in Table 4 below. Additionally, a review of the scientific literature demonstrates the potential for
increased freezing rain frequency and ice accumulation in the region.4?

** While the study cited here was performed for New York City, it represents the closest geographic area with available projections. O&R's service
territory is directly adjacent to New York City, and therefore should be impacted by similar trends.
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Total Annual Radial Icing over the Number of Hours with Radial Ice
Year Year (in.) Accumulation
2025 0.21 29
2026 0.05 7
2027 0.08 3
2028 0.07 11
2029 0.08 5
2030 0.76 28
2031 0.00 0
2032 0.06 3
2033 0.05 13
2034 0.04 3
2035 0.00 0
2036 0.17 6
2037 0.59 27
2038 0.1 10
2039 0.13 14
2040 0.96 58
2041 0.48 18

Table 5. MIT data projections of annual radial icing totals (inches) and number of radial icing hours at White
Plains.
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Exfreme Events

Extreme weather events, including concurrent or consecutive extreme events, present unique
challenges to operations, planning, and infrastructure across the electric system. Climate models
have difficulty resolving extreme weather events due to the small space and time scales at which
these events occur, as well as the rarity of the events themselves, necessitating an evaluation of
extreme events using historical analogs and projections from the scientific literature. The
current assessment focuses on hurricanes and tropical cyclones, snow and ice, cold snaps and
polar vortex events, drought, wildfire, and lightning and tornadoes using findings from the most
recent scientific literature. Table 6 below summarizes findings from the climate projections in
Climate Data and Future Projections and the literature review on historical information and
future projections of extreme events in the O&R service territory.

Exireme Event Future Frequency Future Intensity
Hurricanes and tropical cyclones Unchanged Increase
Snow and ice Decrease Increase
Cold snaps and polar vortex events Decrease Potentially Increase
Lightning and tornadoes Potentially Increase Potentially Increase
Drought Increase Increase
Wildfire Increase Increase
Multiple extreme weather events Increase Increase

Table 6. Summarized future changes in frequency and intensity of extreme events in the Orange & Rockland
service area.
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6 Hurricanes and Tropical Cyclones

Hurricanes, also referred to as tropical cyclones, are rapidly rotating low-pressure systems that
produce extreme precipitation, high winds, and coastal storm surge. They are classified
according to their intensity and wind speed, with Category 1 and Category 5 hurricanes which
have minimum sustained winds of 74 mph and 157 mph, respectively.

Historical Information

Landfalling tropical cyclones in New York are rare (see
the Study Appendix), as prevailing westerly winds over

The remnants of Hurricane

land generally steer hurricanes away from the coast Ida in 2021 brought flash

as storms approach the Northeastern United States. flood and tornado warnings
When tropical cyclones do make landfall in New York, to the service area, causing
they typically approach the region from the southern transit shutdowns,

Atlantic Ocean during the warmer months of July to widespread flooding, and

October. Severe impacts can extend farther inland, as extensive power outages.
evidenced by Hurricane Irene and Tropical Storm Lee
in 2011, which brought heavy rainfall and flooding
into upstate New York. Additionally, after the remnants of Hurricane Ida hit the Northeast in
2021, an EF3 tornado hit Mullica Hill, New Jersey, and the first tornado emergency of its kind was
issued in the Northeast.“3 Overall, New York has experienced 15 landfalling hurricanes (three of
which were a major category 3 intensity or higher) from 1851 to 2020.4However, these storms
have resulted in large impacts in recent years.

Future Projections

Projections show that warming atmospheric and ocean surface temperatures will likely
invigorate hurricanes in the North Atlantic to become more intense (~5% increase) and have
higher rainfall amounts (~10% to 15% increase) relative to historical hurricanes. 44647 Increasing
storm intensities imply stronger hurricane winds and, in turn, coastal storm surge. As a result,
the frequency of strong storms will likely increase in the North Atlantic. 8 4% 30 Projections and
recent historical trends also show a northward migration of the location of maximum hurricane
intensity, increasing the likelihood that a hurricane exceeding Category 3 status could make
landfall in the O&R service territory in the future.>">2 At the same time, models of future
hurricane activity in the North Atlantic suggest overall hurricane frequency will most likely
remain the same or decrease slightly under average 21st century climate change

projections, >>>* however this finding has been contested by studies that show a marked
increase in the frequency of tropical cyclones globally through the end of the 21st century.>>
Ultimately, while the total number of hurricanes occurring in the North Atlantic may not change
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significantly over the next century, the percentage of very strong and destructive (i.e., Category 4
and 5) hurricanes is projected to increase, confirmed by the latest IPCC Assessment Report. >°

S—,’ Snow and Ice

Nor'easters, also referred to as extratropical cyclones, are low-pressure systems driven by the
convergence of cold polar air from Canada and warm air over the Atlantic Ocean. Nor'easters
present a range of risks to the O&R service territory, including extremely heavy precipitation,
hurricane-force winds, and coastal flooding. When an intensifying nor'easter interacts with
cooler arctic air transported from Canada via the polar jet stream, snow, icing and strong winds
can occur.

Ice storms often occur when the vertical temperature profile of the atmosphere reaches specific
atmospheric conditions. Freezing rain typically occurs during temperature inversions, as warm
air moves over colder, shallow air, thus creating conditions for precipitation to fall as a liquid and
freeze on or near the surface. In New York, a typical ice storm may occur when a warm air mass
travels from the south (originating near the Mississippi Valley) and intersects cold air as it travels
towards the north.>’:>8

Historical Information

Historically, nor'easters are responsible for some of
the heaviest snowfall on record in the service area, as
well as extreme winds, coastal storm surge, and ice.
From 1798 to 2021, the greater NYC region has
experienced 29 snowstorms, each with snowfall
totaling 15 inches or more.>° The Northeast Snowfall service area, causing power
Impact Scale (“NESIS"), developed by the National outages and damage from
Climatic Data Center, characterizes and ranks high- New Jersey to New York.
impact Northeast snowstorms with large areas of
snowfall accumulations of 10 inches or greater, using
population data and meteorological measurements. The Study Appendix highlights recent
historical analogs for high-impact nor'easters. Of note are the January 2016 and December 2020
storms that produced up to 24 inches of snow and blizzard conditions (e.g., over 40 mph wind
gusts) in the O&R service territory.

The December 2020
nor'easter brought heavy
snowfall, freezing rain, and
up to a %2 inch of ice to the

New York State experiences ice storms on an annual basis, recording an average of
approximately 3-7 days with freezing rain per year, but the state has experienced up to 14 days
with freezing rain in a year between 1948 and 2000. ®° Freezing rain has occurred in New York
State as early as October and as late as April, with the greatest probability of occurrence in
January. Historically, storms generating freezing rain originate in the South-Central United
States, gathering moisture from the Gulf of Mexico or the Atlantic Ocean as the system tracks
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northeastward. While freezing rain is relatively common during winter months in the service
area, intense ice storms are exceedingly rare (see the Study Appendix). These storms have
produced total ice accumulations of up to 2-5 inches, lasting from a few hours to upwards of five
days, leading to short-term (a few hours) and long-term impacts (>2 weeks) after storms pass,
especially when followed by a prolonged cold spell. ¢

Future Projections

Studies agree that the O&R service territory is likely to see a shorter snow season, reduced snow
cover and snow depth, and fewer snow events in the future. Models project that snowstorms
are expected to decrease in frequency over the coming century in a warming climate. ®? This
decrease is nonlinear across storm intensity: larger for less intense storms impacting small areas
than for intense storms producing heavy snowfall and outsized impacts for large urban areas,
including the O&R service territory.®3 This means that while the likelihood of a given nor'easter
producing snow instead of rain is projected to decrease in the future, storms could produce
more snow (or ice) than in the present day if atmospheric conditions are cold enough to support
frozen precipitation.®* Because a warmer atmosphere can hold more moisture, the largest
snow events could produce increased snowfall totals. 666

As temperatures warm over New York State, the number of hours of freezing rain are also
projected to decrease, ®’ as the likelihood of more extreme freezing rain events shifts farther
north into Canada. %8 %% This is consistent with recent trends toward a gradual northward
migration of the rain-snow transition zone across the United States. 7°

It is important to underscore that the findings highlighted here are drawn from a small set of
research studies, and new research is needed to verify their results. Winter storms are highly
sensitive to a range of underlying factors, including sea surface temperatures, jet stream activity,
and land/atmosphere heat exchange, which remain difficult to incorporate into climate models.
Thus, there is large uncertainty associated with future changes in winter storms.

¢I¢‘ Cold Snaps and Polar Vortex Events

Extreme cold events, often referred to as cold snaps, generally occur in New York State when
extreme cold, polar air from Canada protrudes into the Northeast United States due to an
unstable polar vortex or from northerly atmospheric circulation (winds) in the wake of a passing
winter storm. An unstable polar vortex results from sudden stratospheric warming in the Arctic,
which splits or weakens the vortex, allowing polar air to extend farther south into the
northeastern United States.’”" Extreme cold snaps also can occur on the backend of significant
winter storms. Passing winter storms circulate in a counterclockwise rotation while approaching
from the west, leading to wind from the south on the leading edge of the storm and winds from
the north on the backend. The northerly winds lead to cold air advection, or influx, of cooler air
from Canada into New York and New Jersey. Extreme cold following an ice storm can exacerbate
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the impacts of the ice storm, preventing ice accumulation from melting and prolonging the
impacts of the storm.

Historical Information

Extreme cold events are relatively common in New York
State. Cold snaps can cause minimum temperatures in
the single digits or below in southern New York. Some
of the coldest temperatures recorded in the O&R
service territory were -26°F at Port Jervis in 1912, -20°F
at Mohonk Lake in 1934, and -10°F at Dobbs Ferry in
1994.72 Often accompanying the cold snaps are stronger than average winds, and wind chill
values can drop below 0°F for large portions of the O&R service territory during a significant
event. Even if no precipitation occurs with extreme cold events, the below average temperatures
and strong wind fields can cause many issues, including loss of power during times of high
energy demand.

The coldest temperature
recorded in Port Jervis was

-26°F in 1912.

Future Projections

Climate change is projected to warm winter temperatures and reduce the overall frequency of
cold snaps. However, climate change does not preclude the occurrence of cold snaps and some
evidence shows that complex processes amplified by climate change could worsen some cold
snaps, such as polar vortex events. Climate change is causing the Arctic to warm more quickly
than lower latitudes (a phenomenon referred to as arctic amplification), which reduces the
temperature gradient between high and mid latitudes. Some studies suggest that polar vortex
events over the northeastern US may occur more frequently due to reduced sea ice and snow
cover in the Arctic weakening the confinement of the polar vortex.”3 747> One such study
proposed that extreme cold air outbreaks, possibly punctuated by widespread snow events, may
become more common as high-latitude regions warm, due to resulting changes in the jet
stream.’® 77 A more recent study focused on polar vortex events dating back to the 1980s, links
changes in the climate of the Arctic to the weakening of the polar vortex, which may encourage
outbursts of Arctic air into the mid-latitudes. 78

However, many climate scientists argue that even if cold snaps occur more frequently, there is
high confidence that the Arctic is warming and, therefore, the cold air outbreaks will become
warmer over time as well. Additionally, scientists argue that a longer record is needed to support
research linking Arctic amplification to cold snaps. Ultimately, the relationship between the
warming arctic and cold air outbreaks, particularly those affecting the Northeastern US, is still
uncertain and more research is needed to improve model projections.”®
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C;—’ Lightning and Thunderstorms

Thunderstorms develop when an unstable atmosphere leads to convection, or upward motion
resulting from surface heating, in the lower atmosphere. Thunderstorms most commonly occur
during the warmer afternoon and evening hours of the spring and summer months. There are
several types of thunderstorms, including single-cell or supercell thunderstorms, squall lines,
mesoscale convective systems (“MCS”), and derechos. An MCS, for example, is an organized
complex of thunderstorms often acting as a single system that spans approximately 100 km and
can spawn multiple types of severe weather including, but not limited to: squall lines, gust
fronts, and tornadoes.® A derecho, which is a widespread, long-lived, and straight-line
windstorm that is associated with a band of rapidly moving showers or thunderstorms, results
from the violent outflow of an MCS, though they are not common. All thunderstorm types can
lead to wind, flood, lightning, and hail damage over varying spatial scales.

Historical Information

Thunderstorms can occur any time of the year in the

O&R service territory but are most common during In July 2023, severe

the warmer months of March through October. thunderstorms brought
Thunderstorms are typically 15 miles in diameter and damaging lightning and
last an average of 30 minutes. Despite their small heavy rainfall, causing

spatial and temporal size, they are still dangerous. 8! widespread power outages.
All thunderstorms produce lightning, which kills more
people nationally each year than tornadoes. Other
dangers associated with thunderstorms include strong winds, hail, flooding, and tornadoes.
Flash flooding is the leading cause of death associated with thunderstorms, causing more than
140 fatalities each year.® New York State is considered to have a “moderate” occurrence of
lightning, with 3.8 strikes occurring per square mile per year 8. Most recently, severe
thunderstorms in July 2023 caused numerous power outages in the O&R service territory due to
damaging lightning, heavy rainfall, and downed trees.

Future Projections

Projections of lightning and thunderstorms are highly uncertain, but some studies do suggest
that these phenomena could increase as global mean temperatures continue to warm. Global
mean temperatures are projected to increase due to increases in greenhouse gas
concentrations by the end of this century, which are coupled with an anticipated increase in
atmospheric water vapor and the potential intensification of precipitation.® These conditions
could increase the frequency and intensity of thunderstorms and, therefore, lightning.

One study used GCMs and a high-resolution regional climate model to examine severe
thunderstorm environmental conditions, which was used as a proxy to represent the number of
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days in which thunderstorms could form locally and potentially produce surface winds, hail, or
tornadoes. That study found a net increase during the late 21st century in severe thunderstorm
environmental conditions, attributed primarily to increases in atmospheric water vapor. The
largest increases were shown during the summer months in the Gulf of Mexico and in Atlantic
coastal regions, with a suggested future increase of 100% or more in days with environment
conducive to severe thunderstorm development in New York. 2 Another study modeled the
frequency of lightning strikes across the continental US and predicted that the number of
lightning strikes could increase by approximately 12% for every degree Celsius of warming in
global average air temperature.®’ This research suggests that the O&R service territory could see
more lightning and thunderstorms as temperatures continue to warm.

Overall, thunderstorms and associated severe weather are projected to increase in frequency
due to climate change. A signature indicator of severe weather is the amount of energy within
the atmosphere produced by convection; in meteorology this is known as Convective Available
Potential Energy (“CAPE"). As CAPE values increase, so too does the likelihood of severe weather,
including the likelihood of thunderstorms, tornadoes, and lightning. Several studies have
analyzed late 215t century climate and found increasing CAPE values mainly due to increasing
moisture availability with higher surface temperatures.888%90.91 This future increase in CAPE,
and thus favorable environments for severe weather formation, is most evident in the
summertime when surface air temperature is warmest. 92

Although CAPE is projected to increase, another severe weather variable, wind shear, is
projected to decrease under future climate warming scenarios, mainly due to the reduction of
the temperature gradients between the equator and poles. 3 %425 Wind shear, changes in wind
speed and/or direction with height that facilitate thunderstorm intensification, is notably
important for the development and intensity of tornadoes and hail.?® However, recent research
suggests increases in atmospheric instability could influence projected trends and lead to more
frequent severe thunderstorms. 9798

The impacts of climate change on lightning strikes are poorly constrained, but a growing body of
research suggests that the frequency and density of lightning could increase in the future across
the continental United States. Historically, the lightning flash rate is roughly proportional to CAPE
times the precipitation rate.?? Based on this relationship, forward-looking simulations of CAPE
and precipitation rates using an ensemble of 11 GCMs and RCP 8.5 drive an approximate 50%
increase in lightning strikes across the US by 2080 relative to 2000, or about 12 + 5% per degree
Celsius of warming.%° Another study found consistent results of an approximate 3%-14%
increase in total lightning strikes across the continental per degree Celsius of warming under
RCP 8.5.11
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0= Drought
-

Drought is a prolonged period of dry weather caused by a lack of precipitation and warmer
temperatures, resulting in a serious water shortage that could impact operations, populations,
and ecological systems. %2 The U.S. Drought Monitor (“USDM") categorizes expert assessments
of conditions related to dryness and drought, including observations of how much water is
available in streams, lakes, and soils compared to average conditions for the same time of
year.103

United States Historical Information

While the Northeast is generally a wet region that has

had substantial increases in mean precipitation over During the week of

past decades, it has also experienced damaging September 6, 2016, a
droughts and water warnings and emergencies. 94105 drought of level 3 (extreme
The 1960s drought impacted most of the drought) affected 9.94% of

northeastern United States between 1961 and 1969, New York State.
particularly during the spring season. Studies have
shown that it was the most severe drought in the
region in the last few centuries. % From 1901-2015, there has been less frequent drought,
although variability in water balance has increased and the duration and intensity of droughts
that do occur has not changed significantly. '’ The USDM shows that the longest drought in New
York State lasted 64 weeks, beginning on June 23, 2020, and ending on September 7, 2021. The
most intense period of drought occurred the week of September 6, 2016, where a drought of
level 3 (extreme drought) affected 9.94% of New York State. %8

Future Projections

Despite the high confidence that heavy precipitation events in the Northeastern United States
have increased in intensity and frequency since 1901, % the frequency and intensity of major
droughts are projected to increase due to a combination of warmer temperatures leading to
greater evapotranspiration and changing precipitation patterns leading to drier soil

moisture. %11 By the end of the 21st century, the effect of higher temperatures on evaporation
is expected to outweigh the increase in precipitation, especially during the summer months, and
this trend is expected to lead to an increased frequency of droughts, although the timing and
magnitude of these drought projections are marked by relatively large uncertainty.?

Ultimately, studies suggest that the occurrence of drought in the O&R service territory could
increase in the future due to climate change, but these projections are characterized by a high
degree of uncertainty. Warming temperatures will increase the likelihood of severe drought
should prolonged periods of reduced precipitation occur in the future.
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% wildfire

Wildfires, also called forest fires, are unplanned or unwanted fires burning vegetation often in
arid, or dry, landscapes. They may occur naturally from lightning, but human activities are the
predominant cause of wildfires."® The risk of wildfire is exacerbated by periods of drought
(highlighted in Drought above) which reduces fuel moisture and increases the aridity of
landscapes. Fuel moisture refers to the amount of water within organic material, and it is
controlled by seasonal, daily, and immediate weather changes, such as drought. Fuel moisture
content limits fire propagation. When fuel moisture content is high, fires are difficult to ignite,
and burn poorly, if at all. When fuel moisture is low, fires start easily, and wind and other driving
forces may cause rapid and intense fire spread.’"

Historical Information

New York State is 30.9 million acres in size of which 18.9 million acres are non-federal forested
lands, with an undetermined amount of open-space non-forested lands with wildfire
potential.’’> Between 1891 and 2018, an average of approximately 776 wildfires damaged or
destroyed approximately20,148 acres of New York State's forests per year.* The frequency of
wildfires from 2003 to 2017, as reported by the New York State Forest Rangers and Fire
Departments, is shown in Figure 13 below. As highlighted in the orange and red shading, there
have been more wildfires in the southeastern regions of New York State, notably in Orange and
Rockland counties.

More recently, the Harriman State Park wildfire was
the largest wildfire in the Hudson Valley in May 2022.
According to the New York State Department of

The CSX wildfire in April of

Environmental Conservation, the wildfire burned ~62 2023 burned ~50-70 acres of
acres of land. "¢ Additionally, the CSX fire impacted land in Rockland County and
Rockland County in April 2023, sparked by a freight caused >100 evacuations.

train of the CSX railroad company and leading to
significant damage to structures along O&R'’s
transmission lines.™’ The fire burned approximately 50 to 70 acres across Rockland County and
caused over 100 people to evacuate.

xi Averages taken from New York State Department of Environmental Conservation, Division of Forest Protection
(https://www.dec.ny.gov/lands/42438.html)
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Figure 13. Map of wildfires as reported by NYS Forest Rangers and Fire Departments from 2003-2017 from
the NYS Department of Environmental Conservation

Future Projections

The frequency and intensity of wildfires across the globe increased in recent years, which studies
have linked to climate change such as increasing temperatures and drying patterns. '8 Some
studies suggest that lightning and thunderstorms could increase in the O&R service territory as
global mean temperatures continue to warm, and therefore, the risk of wildfires sparked by
lightning could also increase. Additionally, drought can increase the likelihood of fire weather
(dry and hot weather conditions) and drier vegetation conditions. Studies have linked the co-
occurrence of forest fires and drought and how plant responses to drought may affect forest
flammability, specifically increased forest flammability with decreased fuel moisture and an
increased ratio of dead to live fuels.?® Warming temperatures lead to more frequent and
longer-duration droughts that also increase the likelihood of fire weather and drier fuel
conditions, '*' impacting the magnitude, timing, and frequency of wildfires. %2

Models project fuel moisture decreases in the Northeastern United States due to future
temperature increases, potentially preconditioning the service area to wildfires (see Figure 14

(& Orange & Rockland




Climate Change Vulnerability Study | Extreme Events

below).* Greater decreases are seen for the 2040-2069 period (bottom figure) than for the
2010-2039 period (top figure), reaching a -0.6% change in some areas of the states, as shown by
the darker red shading.

Projected Change in 100-hour Fuel Moisture
RCP 8.5 2010-2039 vs. historical simulation 1971-2100, mean change
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Figure 14. Projected change in 100-hour fuel moisture for summer months (i.e., June, July, August) under RCP
8.5 between 2040-2069 and 1971-2000 and between 2010-2039 and 1971-2000 using a multi-model mean
derived from 18 downscaled CMIP5 models.

Furthermore, one study used an ensemble of statistically downscaled GCMs combined with the
Physical Chemistry Fire Frequency Model (“PC2FM") to project changing potential fire
probabilities in the United States for the RCP 4.5 and RCP 8.5 scenarios. They found that regions
not currently associated with frequent wildfires, such as New England, are projected to
experience a doubling of occurrence probabilities by 2100 under RCP 8.5.123

i projections are from 20 GCMs under RCP 4.5 and 8.5, which were downscaled to a ~4km resolution over the contiguous US using the
Multivariate Adaptive Constructed Analogs version 2 (“MACAv2") statistical method with the gridMET training dataset from the University of
California, Merced.

(& Orange & Rockland




O&R and CECONY have
formed a wildfire review
team, consisting of various
operational, engineering,
environmental and planning
organizations. The team’s
objective is to review the
historical and future impacts
of wildfire risk within the
Companies’ service
territories. Based upon the
findings of these efforts, the
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Ultimately, studies suggest that the occurrence of wildfires
in the O&R service territory could increase in the future
due to climate change in forested areas, but these
projections are characterized by a high degree of
uncertainty. Projected increases in temperatures,
decreases in fuel moisture, and increases in the
occurrence of lightning strikes could act to increase the
likelihood of wildfires in the northeastern United States in
the future. However, mitigation measures and investments
in wildfire control measures, such as fuel reduction
measures taken by the New Jersey Forest Fire Service,
lessen the degree to which climate change increases
risk.'2* Therefore, model projections that only consider the

team will develop
recommendations to address
wildfire risk.

influence of climate change may overstate the amount that
wildfire risk could increase in the future. Despite the
potential for projected increases in wildfires, the overall
risk in the O&R service territory remains relatively low,
particularly relative to the risks associated with other
extreme event hazards, such as tropical cyclones.

<1> Multiple Extreme Events

Weather events can occur in complex combinations at any point during the year. When extreme
weather events occur coincidently or sequentially to other events, efforts to respond become
more difficult and the impacts can become intensified and cascading. For example, an ice storm
followed by a cold snap could prevent maintenance crews from being able to address power
outages due to prolonged freezing of roads and infrastructure. Multiple extreme events can
exceed resilience thresholds on a range of spatial and temporal scales.

Historical Information

Studies indicate that the number of compound events
has increased over the past century for several major
coastal US cities. 2> In particular, New York has
observed an increase in compound events that may
be attributed to a shift toward storm surge weather
patterns that favor high precipitation. Importantly,
heavy precipitation coinciding with storm surge could
lead to increased flooding and may hinder disaster response protocols. One compounding event
that impacted the O&R service territory on a local scale was the consecutive nor'easters event in
March 2018, which led to nearly 2 million power outages for customers throughout the

In March 2018, consecutive
nor'easters impacted the
service area, resulting in

extensive O&R customer
outages.
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Northeast and affected many O&R customers. ¢ These nor'easters occurred 5 days apart,
hindering O&R's ability to complete the restoration of service to customers affected by the first
storm before the second storm arrived. In this case, multiple events hampered O&R'’s
emergency response by stretching workforce capacity, limiting work time, and restricting access
to nearby mutual assistance resources.

Future Projections

While extreme events are strongly controlled by natural weather conditions at a range of spatial
and time scales, it is helpful to understand that natural variability is superimposed on top of
climate change trends. This means that, for example, long-term increases in mean temperature
incrementally increase the likelihood that the O&R service territory will experience extreme heat
waves over time. Similarly, long-term ocean temperature warming increases the likelihood of
strong hurricanes and, potentially, nor'easters, even if individual storms are largely dependent
on short-term natural variability such as weather patterns. As a result, many climate-related
extremes are projected to increase in frequency and magnitude simultaneously throughout the
coming century, ultimately increasing the likelihood that multiple events will occur concurrently,
consecutively, or in a compounded nature.

Of principal concern is that heat waves will become much more common by the late century
relative to historical conditions, increasing the likelihood that heat waves will occur coincidently
or consecutively with other extreme events, such as hurricanes, humidity, or drought. The region
could experience an increased risk of major hurricanes followed by extended extreme heat
events, %7 which would compound impacts to O&R’s system and customers power outages
caused by the storm persisted through the heat wave. Multivariable heat and humidity events in
the northeastern United States could also become approximately 30 times more common by the
end of the 215t century under the RCP 8.5 scenario.'?® Furthermore, another study found that
compound dry-hot extremes are increasing across this region.?°

This combination of events may lead to high customer demand while critical system
components are not functioning. One complication with dry-hot extremes is the potential for
wildfires in more rural, wooded regions in and around O&R’s service territory. Wildfires, while
less of a risk than other climate hazards, can pose a unique challenge to maintaining reliability.
However, there is not enough certainty in projected trends to make actionable company
decisions regarding wildfire.

Large portions of O&R'’s customer base may lose cooling capabilities during coincident or
consecutive extremes involving heat, exposing them to heat-related health and safety risks. In
addition, other events like coastal flooding may damage the electric system and, if it cannot be
fully repaired before a heat event, the stress of increased load may lead to additional failures.
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Physical Asset Vulnerability Assessment

This section builds upon the climate science work described above by evaluating O&R'’s exposure
and sensitivities to the studied climate hazards and identifying physical vulnerabilities. The Study
Team developed vulnerability scores for each asset-hazard combination based on the asset’s
exposure and sensitivity to climate hazards, as visualized in Figure 15 below. Vulnerability
scores ranging from low to high represent which asset-hazard combinations are priorities to
address in the CCRP.

Methods

The vulnerability assessment methodology produces an understanding of the nature, extent, and
priority of the vulnerabilities that O&R may face as a result of climate change. This is a refined
methodology based on O&R and ICF's prior experience, and it draws from many established and
widely adopted frameworks, including guidance from the U.S. Department of Energy. 30

Vulnerability is defined as the potential for assets or operations to be negatively affected by
climate change. As shown in Figure 15 below, vulnerability incorporates exposure and sensitivity.
Exposure is defined as the degree to which assets may be exposed to climate hazards, and
sensitivity is defined as the degree to which assets would experience degradation or failure
from climate hazards. i

it In many frameworks, consequence is another consideration in vulnerability assessments. However, because all components of the electric
system are essential for providing service to customers, so at the scale of this assessment, consequence does not provide a meaningful
differentiation in overall vulnerability scores. O&R likely will revisit consequence in the development of the CCRP and program implementation.
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ERE EXposure
Sensitivity P
The degree to which assets
would experience
degradationor failure due
to changesin exposure

The degree to which assets
could experience
meaningful changesin
climate hazards withinthe
study time frame

W w

Vulnerability

Figure 15. Components of Vulnerability

The Company qualitatively and quantitatively assessed exposure using the findings from the
climate science analysis. For flooding risks (i.e., sea level rise, precipitation), specific asset
locations were geospatially compared to the extent of flood risks to develop counts of exposed
assets. For the other hazards, the Company assumed exposure to be the same throughout the
O&R service territory and the core question focused on when the climate would change
significantly enough to lead to impacts to the assets.

Subject matter experts from O&R and ICF assessed asset sensitivity (i.e., the degree to which
assets, operations, or systems could be affected by exposure) by:

- Understanding past impacts to the electric system from weather/climate events; and

- Reviewing technical specifications of the electric system components to determine how
climate change may affect their operation.

Exposure and sensitivity information for each major asset group (e.g., overhead transmission,
substations, underground distribution) and climate hazard (i.e., high heat and humidity, flooding,
wind and ice) combination, was used to generate an understanding of overall vulnerability. The
vulnerability rating is summarized as low, medium, or high (see Table 7 below for definitions).
These ratings reflect the overall priority level of potential vulnerabilities between now and 2050.
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The vulnerability rubric (see Table 7 below) describes the vulnerability ratings and the criteria
that influence them. Assets considered to have low vulnerability will experience minimal
negative outcomes or affects when exposed to a given climate hazard. Assets considered to
have moderate vulnerability typically have increased exposure or sensitivity to a given climate
hazard or experience increased degradation over time under circumstances of chronic
exposure. Assets considered to have high vulnerability are typically associated with a risk of
major individual failure or severe degradation of service when exposed to a given climate
hazard. Highly vulnerable assets are typically very sensitive or particularly exposed to a given
climate hazard.

Vulnerability

1 Asset/system has low vulnerability to the given climate hazard.
ow

Asset/system is moderately vulnerable to the given climate hazard. Vulnerability is influenced by one or
more factors including:

Moderate « Assetis expected to experience increased degradation over time; and
« Asset is moderately sensitive to the given climate hazard and/or the increase in magnitude of exposure

for the given hazard is moderate, resulting in limited risk of major failure.
Asset/system is highly vulnerable to the given climate hazard. Vulnerability is due to:

« Assetis highly sensitive and/or the increase in magnitude for the given climate hazard is high, resulting
in a high risk of major individual failure or severe degradation of service.

Table 7. Vulnerability Rubric

The asset groups included in the assessment are transmission and area substations, overhead
transmission and distribution equipment (“overhead T&D"), underground transmission and
distribution equipment (“underground T&D"), and Company facilities. Each asset group
comprises highly critical parts and sub-components which contribute to the functionality and
resilience of O&R’s electric system. A non-exhaustive list of example subcomponents is shown in
Table 8 below.

Substations Overhead T&D Underground T&D Company Facilities
« Transformers « Conductor « Conductor - Office buildings
Cir_CUit breakers + Shield wire - Conduit - Battery storage
switches « Insulator « Manholes - Operations centers
»  Wood poles

» Steel towers

Table 8. Example Asset Subcomponents
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Summary of Findings

Table 9 below summarizes the findings of the vulnerability assessment. The table shows each
combination of asset group and climate hazard and represents vulnerability on a midcentury
(2050) timeframe. The highest rated vulnerabilities of the asset/hazard combinations are
substations/extreme flooding and overhead distribution/wind and ice. The sections below are
organized by climate hazard and provide additional insights on these ratings.

Temperature and
Temperature Variable

(TV) Extreme Flooding Exireme Wind & Ice
Substations Moderate Low
Overhead Transmission Moderate Moderate Moderate
Overhead Distribution Moderate Low
Underground Transmission Moderate Moderate Low
Underground Distribution Moderate Moderate Low
Company Facilities Moderate Moderate Low

Green: Asset/system has low vulnerability to the given climate hazard.

Yellow: Asset/system is moderately vulnerable to the given climate hazard. Vulnerability is typically driven by assets’ propensity to experience
degradation from exposure to hazard overtime.

Red: Asset/system is highly vulnerable to the given climate hazard. Vulnerability is typically driven by asset’s high sensitivity or a significant
expected increase in magnitude of given climate hazard, resulting in a high risk of major failure or severe degradation of service.

Table 9. Summary of Vulnerabilities

{l: Temperature and Temperature Variable

The Study examined three temperature-related hazards: increasing average temperatures,
more frequent and intense heat waves, and increasing heat and humidity (temperature
variable, or “TV"). The primary sensitivities of electric assets to the projected changes in
temperature and TV are:

Accelerated asset deterioration and decreased system reliability: Assets are designed to
operate within a particular environment. When temperatures exceed the design parameters,
several components (e.g., insulation) age at an accelerated rate. This accelerated aging can result
in premature asset failure, which if unexpected, could result in customer outages and repair
costs.

Decreased asset capacity: Because an asset’s internal temperature is the result of the
temperature in which it operates, as well as the amount of power it delivers, operating at
ambient temperatures above design references decreases the operational rating of assets.
However, derating the system due to increasing temperatures would effectively decrease the
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capacity of the system. When the capacity of the system is decreased, O&R must make
investments to replace that capacity or risk customer outages (i.e., preventative load shedding) if

demand exceeds capacity.

Increased system load: During periods of
coincident high temperature and humidity (as
represented by high TV values), temperatures
feel warmer, resulting in increases in electric
demand that cannot be approximated by
temperature alone. The O&R electric system
has historically experienced a spike in load,
primarily due to air conditioner use, during
such conditions. These high load situations
could, in certain circumstances, exceed
system capacity. This impact can be amplified
during extended periods of high heat, such as
a heat wave. In this situation, O&R would
preemptively implement a load shedding
process, resulting in customer outages, to
avoid system impacts and more costly and
longer repairs. O&R tends to experience a
spike in reliability issues during the first heat
wave of the summer.

The Risk of Extreme Events

In the face of climate change, heat
waves are becoming more frequent
and intense, especially in summer
months. When power failure or
blackout events overlap in time with
heat waves, population exposures to
extreme heat can reach dangerously
high levels. Research published in the
journal Environmental Science &
Technology in 2021 found that
simulated compound heat wave and
grid failure events of recent intensity
and duration may expose urban
populations to an elevated risk of
heat exhaustion and/or heat stroke
(Stone et al. 2021).

Considering both exposure and sensitivity, the
overall vulnerability of O&R’s electric assets to
changes in temperature and TV within the next 20 years is summarized below.

Substations are moderately vulnerable. Substations in the O&R service territory are expected
to experience impacts from heat waves, ™" especially when they coincide with periods of high
humidity. Additionally, the duration of heat waves with maximum daily temperatures over 95°F
are expected to increase to 14 days by 2080, which will reduce the opportunity for equipment to
cool down. During periods of high TV, the O&R electric system experiences a spike in demand,
primarily due to air conditioner use. Therefore, O&R uses TV as a proxy to represent potential
electric demand on its system.

Within a substation, transformers are the most sensitive subcomponent to temperature because
their design reference temperatures (e.g., 86° F). tend to be lower than that of other assets
Operating substation transformers above this threshold during a prolonged heat event can lead
to accelerated degradation of the transformer. Climate projections show increases in the
number of days per year when average temperatures exceed 86°F (by the 2050s, up to 20 days

x~ Defined here as 3 or more consecutive days with maximum temperatures over 90°F.
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per year from a baseline of 1 day in Dobbs Ferry, and up to 8 days per year from a baseline of 0
days in Mohonk).

In addition, higher temperatures decrease the operational rating of substation assets, effectively
lowering the capacity of the electric system. A decrease in rating, combined with higher demand
due to increased air conditioner usage, could, in a worst-case scenario, lead to a shortfall in
system capacity. O&R'’s current design standards require substations to support the potential
electric demand for a TV of 85° F. The Company is already planning to increase this threshold to
86° F in 2030, and to 87° F in 2040 to account for higher TV projections. Climate projections
indicate that days with maximum summer TV of 85°F or above could become more common,
occurring approximately 18 times per year by 2050 and 51 times per year by 2080, relative to a
baseline of 1 day per year.

Substations transformers are currently based on a 97°F peak design temperature. A maximum
temperature of 99°F would reduce substation transformer ratings by 1.45%, and a maximum
temperature of 104°F would reduce the ratings by 2.87%. Long-term increases in TV may require
changes to transformer sizing guidelines so that the electric system has adequate capacity to
provide reliable service.

Overhead transmission and distribution are moderately vulnerable. Overhead T&D
systems could see impacts from intense heat wave events and increasing TV.

In general, prolonged heat waves may cause a need for derating to reduce heat generated by
electric load. If lines are not derated to reduce electric load, they can be subject to increased
deterioration, reduced system capacity, and increased risk of failure.* > Assets with existing
defects are particularly at risk of failure due to temperature increase. Although climate
projections indicate low exposure through 2050 under the SSP5-8.5 climate scenario, the
number of heat waves™Vi' could increase to 3 events per year by 2080, relative to a baseline of 0
events.

When high heat coincides with high demand due to TV, derating could mean the line can no
longer fully meet customer demand. In addition, in conditions of high heat and high load,
transformer fuses may be triggered, resulting in transformer failure. The number of days per
summer with TV greater than 85°F is projected to increase from 1 to 18 by the 2050s and could
be as high as 51 by the 2080s. High temperature events can also cause conductors to sag,
decreasing clearances and increasing the risk of vegetation contact.

Underground transmission and distribution are moderately vulnerable. Temperatures
underground are typically more stable than air temperatures due to the thermal conductivity

*v Evidence exists that suggests conductors may lose 1.5% of capacity for each 1 degree C increase in temperature over 40° C. Sathaye, J. A., et
al., 2013. Estimating impacts of warming temperatures on California's electricity system. Global Environmental Change, 23(2), 499-511

i Another study conducted by Oak Ridge National Laboratory found that an ambient temperature of 37.78°C resulted in 7-8% capacity loss
below normal design ratings. Allen-Dumas, M., et al., 2019. Extreme Weather and Climate Vulnerabilities of the Electric Grid. Oak Ridge National
Laboratory https://www.energy.gov/sites/prod/files/2019/09/f67/0ak%20Ridge%20National%20Laboratory%20EIS%20Response.pdf

»vi Defined here as 3 or more consecutive days when average temperatures exceed 90°F.
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and transmissivity of soil. 3" However, extreme temperatures or very prolonged high heat can
cause soil temperatures to increase and retain heat. During periods of high temperature and
TV, the O&R electric system also experiences high demand, causing underground conductors
to run at higher temperatures. If soil temperatures are already high, this heat will dissipate to
the atmosphere more slowly, increasing the risk that conductors will need to be derated to
prevent overheating.

Underground distribution reliability, specifically, is sensitive to changes in TV. When load is high,
the temperature of underground conductors increases, and that extra heat is trapped
underground. This can be compounded by higher ambient air temperatures, reducing the rate of
heat dissipation from the ground to the air. Above their reference ground temperature, lines may
require derating (and thus investment in additional capacity to absorb the deration) or in a worst-
case scenario, they may fail.

Company facilities are moderately vulnerable. Office buildings may increase the use of air
conditioning during high heat or TV events, leading to additional stress on heating, ventilation,
and air conditioning (“HVAC”) systems. In extreme cases, HVAC systems may not be sufficiently
sized to cool facilities, leading to insufficient cooling for critical equipment and human health. TV
is projected to increase from 1 day per year above 85° to 18 days per year by 2050 and could
pose a risk for some facilities.

O&R is currently undertaking an assessment of all Company offices’ HVAC systems and will
identify Company facilities which may require improvement.

— Flooding

The O&R service territory contains numerous rivers, lakes, and other waterways that have the
potential to overflow after large rain events, causing flooding. In addition, the Hudson River is
tidally influenced as far north as Troy, NY, exposing the O&R service territory to sea level rise
and tidal flooding risks. Flood conditions and durations can vary significantly depending on the
cause, as described in Table 10 below.

Precipitation Storm Surge Sea Level Rise Combination
Heavy precipitation can High winds from coastal Rising seas can result in Multiple flooding sources can
result in ponding, flash storms such as Superstorm frequent flooding in low-lying  occur at once and exacerbate
floods, and overflow of water ~ Sandy can drive large coastal areas. Flood depth impacts. For example, as sea
bodies. Floodwater typically amounts of water onto land,  increases gradually over levels rise, coastal floodplains
recedes after precipitation causing extreme inundation  time, with inundation will expand further inland.
ends, depending on drainage over a large area. Floodwater typically occurring at high This can also result in longer
conditions. can recede quickly or linger tide and receding at low tide.  periods of inundation.

for days. For assets at low elevation,

sea level rise can even cause
permanent inundation.

Table 10. Selected Causes of Flooding
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The primary sensitivities of electric assets to flooding are:

Equipment damage: Flood water can disable electric equipment, affect system reliability and
life expectancy of the assets, all resulting in the potential for premature failure and outages. Salt
water can also cause arcing and failure of components, resulting in outages. In addition,
continued exposure to water can rot wooden assets like poles.

Soil weakening: Exposure to water can weaken the foundation of equipment in instances of
prolonged inundation, increasing the overall risk of equipment damage.

Limited accessibility: Flooding presents access issues. If assets are flooded or surrounded by
water at high tide or during storms, it becomes more difficult to access the locations for
maintenance and on-site operations. If equipment is damaged and results in outages, repairs
may have to wait for flood waters to recede.

Equipment corrosion: Sea level rise and coastal flooding pose a particular threat to coastal assets
due to the corrosive properties of salt water, which can damage electronic components. These
impacts may not be immediately evident but can cause issues over time that may result in asset
failures and outages. Saltwater exposure can also be caused by runoff from salted roadways.

When considering both exposure and sensitivity, the overall vulnerability of O&R's electric assets
to changes in flooding within the next 20 years is summarized below.

Substations are highly vulnerable. Substation equipment is typically not designed to come
into contact with water and can experience sudden failure if exposed. Flooding impacts can be
severe enough to disable equipment and lead to circuit failures, which can affect system
reliability and life expectancy of the assets. In addition, the following assets are unable to
tolerate inundation without disruption or failure: substation transformers and regulators,
protection and control devices, circuit breakers, and instrument transformers.

For the Study, O&R assessed flood vulnerability based on projected changes to precipitation, as
well as geospatial overlays with inland and coastal floodplains.
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Of O&R's 89 total substations, three are located within or adjacent to floodplains:

- Hillburn station is located near the Ramapo
River and is at risk of inundation from a 500-
year flood. Projected flood depths at the
station are approximately 1 foot.

- Summitville station is located adjacent to the
Delaware and Hudson Canal and is within the
100-year floodplain, as shown in Figure 16.
Projected flood depths at the station range
from approximately 0.03 ft to 2.2 ft.

. Lovett station is located adjacent to the
Hudson River and is within the present day
100-year coastal floodplain. Coastal floods,
such as storm surge, can amplify the damage . o _
to substations due to their severity and :'fi‘:‘rt(; Jv?t: ‘:;‘T;:“‘;I':‘:;g?:nt:’o%f;::r
intensity. Saline exposure from storm surges floodplains overlaid.
can cause corrosion to the equipment and
decrease the asset’s health and lifespan. In addition, flood waters often carry potential
damaging debris which can cause physical damage to the substation. As sea levels
increase in the Hudson River, flooding at the Lovett station is expected to worsen.
Projected flood depths at the station are 3.5 ft in 2030 and 5.2 ft in 2080 during the
100-year flood and 5.0 ft in 2030 and 6.7 ft in 2080 during the 500-year flood.

Climate projections show that the precipitation intensity for a 25-year, 24-hour rain event could
increase to 7.2 inches in Mohonk, from 6.35 inches, and 7.7 inches in Dobbs Ferry, relative to a
baseline of 6.7 inches, by 2050.*Vil*x Thjs aligns with an overall trend in the service territory
towards intensifying rain events (see the Precipitation section above). More intense precipitation
can lead to stream and river overflows, as well as ponding and flash floods. These impacts are
not necessarily confined to areas near water bodies. Assets not located near water can still be
damaged during extreme precipitation events.

xiil Rainfall return period projections use the ensemble mean rather than the 75th percentile because they use a different methodology than
other climate projections used in this guidance and cataloged in the lifecycle tables. This information is publicly available through Cornell
University (http://ny-idf- projections.nrcc.cornell.edu/index.html).

»x Historical heavy rainfall is provided by the NOAA Atlas-14 for the entire U.S. A point-and-click map interface with historical heavy rainfall
amounts based on IDF estimates and 90% confidence intervals can be found on their website
(https://hdsc.nws.noaa.gov/pfds/pfds_map_cont.html?bkmrk=ny)
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Underground transmission and
distribution systems are moderately
vulnerable. O&R designs underground

Padmount Transformers

assets to be submersible (i.e., not O&R's underground and overhead
immediately impacted by exposure to systems are supported by assets
water). However, underground assets such located at ground level, such as

as conduit, conductors, and transformers padmount transformers. These ground-
can still degrade over time by corrosion level assets may be more vulnerable to
from being inundated by flood waters, flooding than the rest of the overhead

particularly if that water contains salts from
the Hudson River or runoff from roadway
salting in the winter. Transformer
components that experience corrosion may require cleaning and/or replacement of the asset.

and underground systems.

In addition, if climate change leads to longer periods of inundation during and after a flood
event, the likelihood of water intrusion into the conductor increases. This can cause accelerated
corrosion, or even sudden asset failure.

Underground T&D assets may also experience permanent (or frequently recurring) inundation
due to sea level rise. In addition to the risks described above, this can result in restricted access
to equipment, making maintenance and repairs more difficult.

In extreme cases, such as storm surge, flooding can lead to heavy inundation of land
surrounding T&D infrastructure, weakening the load bearing capacity of soil. Weakened soil can
increase the risk of damage to underground transmission and may cause damage to pad mount
transformers at ground level.

Overhead transmission systems have moderate vulnerability. In general, overhead
transmission equipment is elevated off the ground and therefore not directly exposed to
flooding. However repeated exposure to inundation may lead to erosion of an asset’s
foundation and negativity affect the structural stability of towers and poles. O&R has
experienced this issue in the past after flood events in its service territory.

Overhead distribution systems have low vulnerability. Like transmission, overhead
distribution equipment is elevated off the ground and therefore not directly exposed to flooding.
While repeated exposure to inundation has the potential to affect the structural stability of
tower and pole footings, there are poles in the O&R service territory that are flooded year-round
and are not negatively impacted.
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Company facilities are moderately vulnerable.
O&R facilities include one facility in West Nyack that
could be exposed to riverine flood events. The facility
is adjacent to the Hackensack River and has
experienced flood events in the past. Past events have
primarily impacted the parking area and site grounds,
restricting access to the facility. However, the 100-year
floodplain intersects with the building, and the
majority of the site is within the 500-year floodplain, as
shown in Figure 17. In the event of a more extreme
flood, the entire site could be inundated.

—9 H Figure 17. West Nyack Facility (red outline)
D * Wind and Iice overlaid on the FEMA 100- and 500-year

The primary sensitivities of electric assets to the floodplains.

projected changes in wind and ice are:

Direct failure: O&R's electric system is built to withstand defined design tolerances for
combined ice and wind loading, consistent with the National Electric Safety Code (“NESC") Rule
250B. Winds or ice loading that exceed these standards can result in asset failure, leading to
outages and repair costs.

Vegetation impacts: Strong winds and ice accumulation can cause trees and tree limbs to fall,
which can lead to contact with electric equipment, lines, and structures, potentially resulting in
widespread outages.

When considering both exposure and sensitivity, the overall vulnerability of O&R's electric assets
to changes in wind and ice within the next 20 years is summarized below.

Overhead distribution systems are highly vulnerable. Current standards are designed for
combined wind and ice events up to 100 mph,** as per the ASCE 7 and NESC Heavy 250B
standards. Findings from the Extreme Weather Events Literature Review suggest that events
with high wind speeds, such as tropical cyclones, could become more intense in the O&R service
territory in the future. 32 Furthermore, projections show that heavy wind events could become
stronger within the 2050 timeframe. '3 Under the RCP 8.5 scenario, maximum wind gusts (which
are often associated with tropical cyclones) in the greater NYC area could reach 110 mph in the
future (2017-2050), in comparison to the recent maximum wind gust of 80 mph (during
Superstorm Sandy) for the historical period from 1973-2017.734 While this study was completed
for the NYC area, the Hudson Valley could experience similar increases in peak wind gusts,
although peak wind gusts may be lower during tropical cyclones (i.e., Superstorm Sandy) farther
inland.

**There are exceptions, such as a wind loading district close to the Hudson River, which is designed to greater than 100 mph.

(& Orange & Rockland




Climate Change Vulnerability Study | Physical Asset Vulnerability Assessment

Overhead distribution assets are sensitive to both the direct impacts of wind and the indirect
impacts of nearby vegetation contact with the electric system. While O&R has a robust
vegetation management program (as described in Vegetation Management), tree contact with
lines remains a large concern. Distribution lines tend to have relatively smaller clearance gaps,
increasing the risk of tree contact with distribution conductors and poles. Ice accumulation on
distribution poles and lines can also result in unbalanced structural loading and line failure,
especially when accompanied by wind. Damage is more likely to occur if poles are older or have
existing damage.

Overhead transmission systems are moderately vulnerable. Ice accumulation on
transmission towers and lines can result in unbalanced structural loading and subsequent
transmission line failure. The risk intensifies when ice accumulation is accompanied by heavy
winds. While overhead transmission assets are designed to withstand winds of up to 100 mph
(as per O&R Transmission Design Load Criteria*>), projections indicate that more intense and
stronger wind gusts in O&R'’s service territory are possible. Overhead transmission assets are
rated moderately vulnerable to wind and ice compared to overhead distribution assets, because
transmission assets have larger clearances between towers and surrounding vegetation.

Substations have low vulnerability. Substation designs incorporate high wind loading
thresholds and are not typically vulnerable to increasing average wind speeds or extreme wind
events. Some assets, such as circuit breakers, circuit switchers, and disconnect switches, have a
lower structural wind load of 90MPH, but are located in cabinets that limit their exposure. In rare
cases, wind driven debris can cause damage to unprotected assets.

Underground transmission and distribution systems are not vulnerable. Underground
assets do not experience wind and ice hazards due to them being located underground.

Company facilities have low vulnerability. Facilities are not typically vulnerable to average
wind speeds. Although unlikely, some damage may occur from extreme wind events. Ice
exposure does not pose a risk for facilities.

Compound and Sequential Events

Multiple weather events can occur in complex combinations. When extreme weather and
climate events occur coincidently or sequentially to other events, their impacts can become
intensified and cascading. Failing to account for a reality in which there are multiple climate risk
drivers, multiple climate risks, and multiple impacts can lead to blind spots in adaptation
planning and risk management. For example, in July 2023, the O&R service territory experienced
a heavy rain event followed by high winds. The heavy rain caused soils to soften, making trees’
root systems less stable. When high winds followed, trees were knocked down and came into
contact with transmission lines.

xxi Aligns with external standards ASCE 7 and NESC Heavy 250C.
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Evidence published in the journal Nature Climate Change indicates that the number of compound
events has increased over the past century at several major coastal US cities. > Relevant to
O&R's context and service territory, the study found that NYC has observed an increase in
compound events which may be attributed to a shift towards storm surge weather patterns that
also favor high precipitation. Importantly, heavy precipitation coinciding with a storm surge
could lead to increased flooding and may hinder disaster response protocols.

These compound events are a type of “threat multiplier”. For example, two of the medium
vulnerabilities identified above could occur at the same time (or back-to-back) and together
present a high risk to the Company. Estimating the likelihood of compound or concurrent events
is statistically difficult, and results typically present a high degree of uncertainty, but that does
not mean that they should be ignored. Instead, when developing resilience investment options,
O&R engineers will be asking these “what if” questions. For example, what if a barrier to prevent
riverine flooding ends up trapping local precipitation behind it and creating a different set of
flooding issues? Asking these questions will help ensure a holistic and comprehensive approach
to resilience.
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Operational Vulnerability Assessment

Background

Resilience to climate change cannot be achieved solely through hardening of physical
infrastructure. In addition to assessing the physical vulnerabilities of O&R'’s infrastructure to
climate hazards, the Company evaluated potential climate risks to O&R’s operations and
planning processes. The operations and planning functions reviewed include emergency
response, vegetation management, design standards, reliability planning, load forecasting, load
relief planning, and workforce safety.

To complete the assessment, the Study Team developed an analysis of how the selected
operational and planning functions may be impacted by climate hazards. The analysis was then
tailored to O&R's electric system, through interviews conducted by the Study Team with subject
matter experts and reviewing relevant O&R specifications and operational documents, including
emergency response procedures and environmental health and safety standards, among others.
This review was used to further inform and refine the analysis so that it reflected the specifics of
the Company's operations.

Table 11 below shows the operations and planning categories evaluated along with the studied
climate hazards. Shaded cells indicate which climate hazards pose a risk to each operational and
planning area.
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Operations and Planning Process Temperature

Emergency Response

Vegetation Management

Design Standards

Reliability Planning

Load Forecasting and Relief Planning
Workforce Safety

Asset Management

Spare Equipment Management

Extreme
TV Wind Flooding Events

Table 11. Operations and Planning Climate Risk Summary

Emergency Response

Background and Description of Operational Area

O&R has a robust emergency
preparedness and response department
that helps the Company prepare for and
recover from emergencies. The Company
maintains emergency response plans for
storms, wind, snow, ice, heat, and other
weather events, in addition to non-
physical hazards like cybersecurity. The
most common events requiring
emergency response plan activation are
heavy, wet snow, sustained winds above
40 mph, and thunderstorms. In recent
years, the incidence of tornadoes in the
O&R service territory has also increased.

During heavy precipitation, wind, or other
extreme events, an emergency response
can be delayed if roads are damaged or
blocked by trees from the storm. If the
asset or facility that is damaged is not
accessible, O&R's response to repair the
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Accessibility Issues During a System
Outage:

In July 2023, O&R experienced a delay in
responding to a system outage due to
limited site access. During a storm event,
a tree fell onto a transmission tower and
caused a system outage that required
immediate response. However, there was
no convenient access roads to allow crew
to reach the site. Response crews had to
make use of mats to construct a
temporary “road” to access the
transmission right of way. This process
took two days, greatly extending the
outage duration. Approximately 60% of
O&R's right-of-way have similarly
restricted access.
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asset is delayed and the system outage remains until the asset is accessible.

O&R has historically not experienced frequent heat-related emergencies, although that could
change as temperatures rise due to climate change. The current thresholds for heat activation
are based on the total forecasted system load, as shown below in Table 12 below. In the last
several years, there have been several incidents of heat watch, but none that rose to the level of
a heat alert.

System Load Status Activities
1300 MW or less Normal Normal operations continue.
Operations
1301-1499 MW Heat Watch Emergency Response group contacts operations, system planners, the Control Center,

and Vice President of Operations. That team then monitors and prepares for further
heat impacts.

1500 MW or more Heat Alert All of above activities, including:
» Load reduction measures on all O&R facilities,
- Distribution Auto Loop schemes disabled on circuits exceeding design criteria,
- Staffing increases in the Control Center and Call Center,

» Activate Direct Load Control Program (“DLCP”) and Commercial System Relief
Program (“CSRP") system wide.

Table 12. Heat Response Thresholds and Corresponding Operational Activities

The Company also regularly conducts drills and exercises to simulate and prepare for real-life
emergencies. These include exercises simulating a large-scale outage, a storm coinciding with
work stoppage, a cyber outage, and more. The Company also works with municipalities in its
service territory to run localized exercises.

Potential Climate Related Risks and Variables — Wind, Temperafure,
Flooding

By 2030 under the chosen SSP5-8.5 pathway, the region is projected to experience gradual
increases in average temperature, as well as more frequent and intense extreme heat events,
heat watch events, and even heat alerts. For example, the days per year with maximum daily
temperature at or above 95°F at Mohonk could increase by a factor of seven, from historically
averaged approximately 1.3 days to 7.1 days.

Projected increases in the intensity and frequency of extreme precipitation events could lead to
more frequent activation of emergency response protocols. The Company is likely to experience
more intense rainfall events, which could increase the risk of flooding in the O&R service
territory. Response times may be delayed if access to the asset is hindered by flooded roads or
downed trees. Historically, Dobbs Ferry and Mohonk have experienced approximately 3.4 and
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3.1 days per year with more than 2 inches of precipitation. By mid-century (2050), the number of
days is expected to approach 5.

Dynamically downscaled global climate models project warming atmospheric and ocean surface
temperatures that could lead to more intense hurricanes in the North Atlantic, increasing
maximum sustained wind speeds by approximately 5%. 3¢ Accompanying projections of more
intense hurricanes are studies that project stronger wind gusts in O&R's service territory. A 2020
study published by Comarazamy et al. used a statistical downscaling technique under the RCP
8.5 scenario to show that maximum wind gusts (which are often associated with tropical
cyclones) in NYC are expected to reach 110 mph in the future (2017-2050), up from the recent
maximum wind gust of 80 mph for the historical period from 1973-2017."3’ The study also found
that while the 700-year return period for wind gusts was historically 115 mph, the future 700-
year return period is expected to be 124 mph.

Vegetation Management

Background and Description of Operational Area

O&R has a long history of vegetation management practices and updates them regularly. After
Superstorm Sandy in 2012, O&R updated clearance requirements and implemented an
aggressive vegetation management program that better responds to increasing extreme
weather events. As part of the Company's practices, O&R regularly inspects and manages the
vegetation along T&D lines and substations to provide safe and reliable service. Vegetation
surrounding the approximately 4,000 miles of overhead distribution lines are pruned on a 4-year
cycle. Trees are generally pruned so that there is 15 feet of clearance above the single-phase
lines, 15 feet of clearance underneath and on the sides, and 20 feet of clearance above the
three-phase lines. The Company has also instituted a Hazard Tree removal program across the
O&R service territory.

O&R has made several updates to their Transmission Vegetation Management Plan (“TVMP”),
including after Superstorm Sandy and to incorporate additional PSC requirements in 2012. The
TVMP was updated again in January 2023. O&R conducts a 3-year maintenance cycle on over 500
miles of transmission lines. During year 1, noncompatible vegetation** is removed along the
ROW so that vegetation does not come into contact with equipment and interrupt service.
During year 2, noncompatible species are individually targeted through a low volume foliar
herbicide application. Typically, nothing major is required during year 3 of the 3-year cycle,
although in the case of a major climate or weather event, the schedule is modified so that lines
remain safe for operation. In addition, O&R inspects the transmission system several times a

xxil Noncompatible species are trees that have the potential to grow high enough to interfere with lines. O&R maintains a list of noncompatible
species.
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year by helicopter and once by a ground patrol, and for the critical NERC transmission lines, i
O&R also completes a dedicated vegetation inspection of those lines.

Potential Climate Related Risks and Variables — Temperafure,
Precipitation, and Wind

The primary cause of climate change is an increasing concentration of carbon dioxide in the
atmosphere. This, combined with an increase in average temperatures, may cause some species
of plants to experience accelerated growth. '3 Accelerated growth presents two risks: (1) over
time, accelerated growth due to an increasing number of growing degree days could disrupt
O&R'’s vegetation management cycles and (2) other hazards, such as high winds and ice storms,
could increase the risk of vegetation coming in contact with lines — a risk which becomes more
likely if average temperature increases reduce the strength of trees, causing them to be more
vulnerable to storms.'3? Specifically, off-ROW tree contact with overhead transmission lines is
major concern for O&R. During a recent storm, O&R had to build a temporary road to access a
damaged overhead transmission tower to clear vegetation and clear an outage. As many as 9
out of 10 contacts are off-ROW trees.

Changes to regional temperatures and climate patterns can also allow new tree species,
including invasive species, to enter and thrive in the O&R region. This may lead to O&R needing
to revise its trimming cycle to keep up with the pace of invasive species growth. '4°

Less distinct seasons with warmer and shorter winters are altering environments in ways that
adversely impact forestry. " Because extreme winter cold days are important in limiting the
occurrence of some forest pests, mild winters can often result in conditions ideal for disease,
pests, and insects to thrive and disrupt tree growth and health in the Northeastern United
States. 42143144 Increased spread of disease and insects can put additional stress on trees and
increase their chances on of falling on lines or the right of way. Some notable pests and
pathogens associated with warmer temperatures include hemlock woolly adelgid (an invasive
insect), ticks, bark beetles, algal blooms, growing deer populations, and kudzu (an invasive
plant).#> This list is not exhaustive, but it provides examples of species which have been
expanding their range and contributing to a loss of biodiversity and resilience in some
ecosystems located within or surrounding the O&R service territory.

Vegetation management is also a key component in mitigating wildfire risk. While the O&R
service territory has not historically experienced wildfire activity, overall drier conditions in the
future could increase the chance of a fire event. If this occurs, maintaining clearances around
lines will become even more critical in order to protect assets from fire damage.

xxii The North American Electric Reliability Corporation (NERC) develops reliability standards for transmission lines in the US. Their vegetation
management standard applies to transmission lines operating at 200 kV or higher, as well as select other lines.
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Design Standards

Background and Description of Operational Area

As a regulated utility, O&R is subject to regulation and oversight at the federal, state, and
municipal levels. At the state level, O&R is subject to supervision by the PSC. O&R also complies
with the Federal Energy Regulatory Commission’s (“FERC") Standards of Conduct, North
American Reliability Corporation (“NERC"), and the National Electrical Safety Code (“NESC"). O&R
maintains design and purchasing standards that guide the development of new infrastructure.
For example, design standards for assets such as conductors contain temperature and wind-
loading thresholds that dictate how poles and lines must be reinforced.

Potential Climate-Related Risks — Flooding, Temperafure, Wind, Major
Winter Storms

Increased exposure to hazards including heat events, flooding, and windstorms may exceed
current standards for a variety of assets throughout O&R’s electric system, causing potential
shortening of asset lifespans, or in select cases, asset failure.

As part of its climate change adaptation efforts, O&R will adopt a Climate Change Planning and
Design Guideline. Going forward, this Guideline will be used by the Company’s engineers to
incorporate climate change considerations into design work. This Guideline is a joint document
between O&R and Con Edison and will be governed by a joint Climate Resilience and Resilience
Executive Committee (“CRREC").

Reliability Planning

Background and Description of Operational Area

O&R is continuously investing in the reliability and resilience of its electric system under all
operating conditions, ranging from blue sky days to the most extreme storm events. While
resilience typically refers to recovering from gray/black sky days, " reliability refers to

xxv Black Sky Event: A catastrophic event or events compromising electric reliability and the country's collective effort to respond and restore
service. This could be a devastating natural disaster or a combination of incidences. The resulting impact could mean a utility is unable to restore
service safely.

Grey Sky Operations: An operating day or days in which a utility faces severe weather or other incident which causes reliability concerns. For
example, a natural disaster that causes temporary power disruptions, but does not impact utility private ICT networks, allowing restoration and
recovery to proceed as safely and quickly as possible.

(Definitions from the Utilities Technology Council, https://utc.org/wp-content/uploads/2018/10/Definitions _Final-Version October-2018.pdf).
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maintenance of service on blue sky days.** Importantly, many of the systems used for
reliability planning also help with resilience and by investing in one, the other is improved.

Although climate change will result in temperature increases overall, that does not negate the
potential for future cold-weather extremes in the O&R service territory. O&R processes and
procedures which are affected by cold weather should continue to account for cold-weather
extremes in order to meet necessary safety factors. In October 2022, O&R meteorologists
performed an analysis to compare O&R cold weather alerts with Con Edison cold weather alerts.
O&R also operates the system to comply with the NERC Extreme Cold Weather Standard and the
FERC rulemaking on extreme weather. 146

In an effort to prepare O&R for climate change and climate-driven increases in demand, O&R's
reliability planning team regularly sets reliability performance targets, seeks to understand
trends in historical reliability performance, identifies weak spots and remediates them, and
identifies investments necessary to fill projected gaps in reliability performance. Reliability
planning also includes accounting for system conditions such as customer demand at specific
locations and circuit configuration.

Potential Climate-Related Risks — TV, Temperafure, Wind & Ice

O&R'’s climate change pathway indicates the electric system will encounter higher temperatures
and longer periods of prolonged heat and humidity than experienced under historical
conditions. Heat and humidity increase customers’ need for air conditioning and place more
demand on O&R'’s electric-delivery system. Distribution equipment failure rates tend to rise with
demand (particularly at the beginning of the summer). Therefore, failure to consider climate
change conditions in reliability planning could result in an inaccurate picture of future reliability
and resilience investment needs.

In addition, studies suggest that extreme weather events (e.g., wind, storms) will continue to
increase in frequency and intensity as a result of a warming climate. Future storms are an
additional consideration in both resilience and reliability planning, particularly for O&R'’s
overhead distribution system.

Ultimately, gradual increases in average temperatures and duration of heat waves, alongside
increases in the frequency and severity of storms, have the potential to impact reliability and
may require adjusting planning processes.

x> Blue Sky Operations: A normal, routine operating day for an energy utility. This generally means moderate temperatures resulting in
manageable load expectations, no weather, or physical incidents or emergencies. (Definition from the Utilities Technology Council).
https://utc.org/wp-content/uploads/2018/10/Definitions_Final-Version_October-

2018.pdf https://utc.org/wpcontent/uploads/2018/10/Definitions_Final-Version_October-2018.pdf).
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Load Forecasting and Relief Planning

Background and Description of Operational Area

Load forecasting develops customer load projections in the O&R service territory to identify
areas where additional electrical infrastructure may be necessary (areas in the system where
customer demand may exceed available capacity). O&R's' peak demand forecasts and volumetric
forecasts are distinctly sensitive to temperature and TV.

As temperature and humidity rise, peak summer demand (driven primarily by air conditioning
use) will increase. If this change is not accounted for, the load forecast could be underestimating
future demand. In addition, increasing rates of electrification (including electric vehicle adoption
rates and building electrification) also impact future load forecasts.

O&R carries out repairs during periods of lower load on the system. Due to electrification, this
period is shifting towards the winter, and will therefore require O&R to reassess the timing of

conducting critical maintenance and repairs. This will likely be an ongoing reassessment as the
system load profile changes and will be further complicated by extreme weather.

Potential Climate-Related Risks — Temperafure, TV

Climate projections indicate an increase in both temperature and humidity (TV), which are
expected to lead to higher peak summer demand. To prevent unforeseen equipment overload
and impacts to service reliability from high demand, it is important for customer demand
models to account for such projected changes.

Increased loads (due to increased TV) and decreased system capacity (due to increases in
temperature) may require additional load relief investments. O&R'’s load relief planning is based
on the weather-adjusted peak TV forecast, which typically occurs when the load peaks due to air
conditioning at design weather conditions.

Although O&R is planning several projects to increase the capacity of the electric system in
preparation for increased demand from building electrification and electric vehicles, the
available capacity to meet customer demand remains a concern. O&R's forecasting group has
estimated that a 1°F increase in TV corresponds to an increase of 48MW in system load. This has
the potential to affect O&R's ability to deliver reliable electric service.

Workforce Safety

Background and Description of Operational Area

O&R workforce safety encompasses policies and procedures designed to keep employees safe
while performing their jobs. O&R is committed to continued improvement and excellence in its
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Environmental, Health and Safety (“EH&S”) performance, while complying with all applicable laws
and regulations. All O&R employees are held accountable for knowing the corporate EH&S
requirements that apply to their assigned responsibilities and for using the information in
planning and completing their work. O&R engages in proactive, continuing, aggressive, and
effective accident prevention and safety programs designed to protect the safety, health and
well-being of all employees.

Potential Climate-Related Risks — Temperature, TV, Flooding, Wind & Ice

Although a number of climate hazards have the potential to disrupt worker safety procedures,
including flooding and storms, the most direct impact to worker safety in the O&R service
territory will likely come from increasing average temperature and humidity. Under O&R's
selected climate change pathway, there will be an increase in the number of days per year with
an unsafe heat index. To prevent adverse impacts to workers, O&R may need to implement a
formal process that identifies a heat index threshold and requires workers to rest once the heat
index is reached. Other heat stress related solutions could include utilizing tents to work in
shade and portable air conditioning units. In extreme cases, delays to projects could occur and
consequently lead to further reliability disruptions.

Another risk to workforce safety that was not directly studied in this analysis is air quality.
Recent events in the Northeastern United States have shown that climate change has
implications for regional air quality due to wildfires in other parts of the world. O&R must
therefore be prepared to respond to air quality events that may become more frequent and
severe.

Asset Management

Background and Description of Operational Area

O&R's engineering departments are responsible for evaluating, maintaining, and replacing
equipment across the electrical system. This includes over 500 miles of electric transmission
lines, almost 4,000 miles of overhead electric distribution lines, and over 1,800 miles of
underground electric distribution lines, among other equipment. O&R also performs preventive
maintenance on assets, invests in reliability measures, and evaluates the conditions and
performance of assets.

Potential Climate-Related Risks — Heat, Precipitation

In general, climate change is likely to have a negative impact on O&R's assets, leading to shorter
asset lifespans on average.

Electric equipment ratings are sensitive to increases in temperature, specifically transformers,
cable, busbar, and connections. As ambient temperatures increase, an asset’s ability to dissipate
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heat decreases. To maintain the asset’s useful life, O&R may need to lower (i.e., “de-rate”) the
normal and emergency ratings; otherwise, the load may exceed asset ratings on a more routine
basis.

Assets in or near a floodplain may require protection in the future. O&R's’ selected pathway
(SSP8.5 75t percentile) shows an increase in heavy rain events, increasing the risk of infiltration
into underground assets. Failure to account for this risk could result in increased asset damage.
In addition, flooding can increase the chances of pole rot on distribution poles and increase the
rate at which poles require replacement.

Spare Equipment Management

Background and Description of Operational Area

O&R maintains a stock of spare equipment that can be used to repair or replace assets after
major events that damage the O&R electric system. This has become increasingly important in
recent years, as the COVID-19 pandemic has negatively affected the supply chain for numerous
types of electrical equipment. For example, the time it takes to receive a new transformer after
ordering is approximately 36 months, compared to 12 before the COVID-19 pandemic. Because
of that, O&R has identified an inventory of critical equipment with long lead times to stock for
storm response.

Potential Climate-Related Risks — Flooding, Wind & Ice

Climate change is expected to cause an increase in the frequency and intensity of extreme
storms, which can cause high wind speeds and flooding. While O&R maintains enough spare
stock to respond to an event of a similar magnitude to Superstorm Sandy, that may not be
sufficient for a larger storm or a series of multiple storms occurring close together.
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Potential Adaptation Measures

In light of the climate vulnerabilities described above, O&R will file a CCRP in November 2023.
That plan will include a suite of selected adaptation measures to reduce risk to the O&R electric
system. The Company will select measures using the resilience framework developed in the
CCRP. The purpose of this framework is to encourage holistic thinking about the types of
measures that may help build a more resilient electric system and will encompass the following
guiding principles:

- Prevent climate change impacts by hardening infrastructure;

- Mitigate the impacts from outage-inducing events by minimizing disruptions; and

- Respond rapidly to disruptions by reducing recovery times.

Many adaptation strategies fall under the “prevent” category. This component of the framework
prepares for both gradual and extreme climate risks through resilience actions throughout the
life cycle of the assets. Investments to increase the resilience of the O&R electric system to
withstand climate events also provide co-benefits such as enhanced blue-sky functionality and
reliability of O&R's electric system. O&R has developed potential adaptation measures as shown
in Table 13 below.

Hazard System Asset Potential Adaptation Measure

Flooding  Distribution Conductors (underground)  Retrofit ventilated equipment with submersible equipment
Flooding  Transmission Structures Poles/Towers Increase robustness of foundations

Flooding  Substation Transformer moats Raise height of transformer moats

Flooding  Substation Transformer moats Install additional oil-water separator capacity
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Hazard System Asset Potential Adaptation Measure
Flooding  Substation All Increase pumping capacity behind flood walls
Flooding  Substation All Perimeter protection (temporary barrier or permanent flood
wall)
Flooding  Substation All Elevate equipment above DFE
Flooding  Substation All Install flood pumps
Flooding  Substation Substation Protect specific transformers/regulators via flood enclosures
Transformers/Regulators
Heat Substation All Install temperature data collection equipment to allow for real-
time rating and operations decisions
Heat Distribution Conductors (overhead) Implement autoloop sectionalization and increase feeder
diversity
Heat Transmission Conductors (overhead) Energy efficiency/demand response
Heat Transmission Conductors (overhead) Reconductor to increase capacity
Heat Transmission Conductors (overhead) Voltage upgrade to increase capacity
Heat Transmission Conductors (overhead) Install additional feeder(s) to reduce loading
Heat Transmission Conductors (overhead) Non-wires solutions to reduce loading
Heat Transmission Conductors (overhead) Dynamic line rating to unlock capacity
Heat Substation Substation Energy efficiency/demand response
Transformers/Regulators
Heat Substation Substation Replace transformer/regulator with higher-rated unit
Transformers/Regulators
Heat Substation Substation Install additional transformers or substations to reduce loading
Transformers/Regulators
Heat Substation Substation Non-wires solutions to reduce demand
Transformers/Regulators
Heat Substation Substation Additional cooling
Transformers/Regulators
Wind Transmission Structures Poles/Towers Replace towers
Wind Transmission Structures Poles/Towers Reinforce towers
Wind Transmission Conductors (overhead) Undergrounding
Wind Distribution Conductors (overhead) Undergrounding
Wind Distribution Conductors (overhead) Retrofits for open wire design with aerial cable and stronger
poles
Various Distribution Overall system Self-healing technologies
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Hazard System Asset Potential Adaptation Measure

Various Distribution Overall system Advanced voltage optimization

Various Distribution Overall system Intelligent grid technologies

Various Remote Overall system Address space and time gaps in the observational record (e.g.,
sensing associated with the micronet)

Various Remote Overall system Near-real time monitoring (e.g., to aid storm recovery such as
sensing flood and system damage monitoring and assessment)

Various Remote Overall system Near-real time information to feed into storm response
sensing programs

Various Remote Overall system Long-range historical Urban Heat Island analyses
sensing

Various Remote Overall system System-wide vegetation management
sensing

Various Micronet and Overall system Fill observational gaps spatially between existing micronet
in-situ stations or assets
observation

Various Micronet and Overall system Expand observations in Westchester County and O&R service
in-situ territory to constrain Urban Heat Island effect and other
observation phenomena

Various Micronet and Overall system Standardize observations across stations

in-situ
observation

Table 13. Potential Adaptation Measures Inventory.
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Conclusions and Next Steps

The Study considers climate hazards that are most likely to impact the O&R service territory over
the coming 20 years and evaluates how those hazards may affect O&R'’s electric assets and
operations.

The Study Team used climate projections to evaluate O&R's asset exposure to temperature,
temperature and humidity, flooding, and wind and ice. Combining that with an understanding of
asset sensitivity, the Study Team developed ratings of asset vulnerability to each hazard,
summarized in below. The Study Team also worked with O&R subject matter experts to
evaluate the implications of climate change for O&R’s operations.

Temperature and

Temperature Variable (TV) Flooding Wind & Ice
Substations Moderate Low
Overhead Transmission Moderate Moderate Moderate
Overhead Distribution Moderate Low
Underground Transmission Moderate Moderate Low
Underground Distribution Moderate Moderate Low
Company Facilities Moderate Moderate Low

Green: Asset/system has low vulnerability to the given climate hazard.

Yellow: Asset/system is moderately vulnerable to the given climate hazard. Vulnerability is typically driven by assets’ propensity to experience
degradation from exposure to hazard overtime.

Red: Asset/system is highly vulnerable to the given climate hazard. Vulnerability is typically driven by asset’s high sensitivity or a significant
expected increase in magnitude of given climate hazard, resulting in a high risk of major failure or severe degradation of service.

Summary of O&R System Vulnerabilities.
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The Company will develop adaptation measures for each high vulnerability combination using
the list in Potential Adaptation Measures as a starting point. The Company will identify
adaptation measures on 5-, 10-, and 20-year timescales. Asset-hazard combinations with
moderate vulnerability may also be selected for adaptation options development, if deemed
prudent by system engineers and climate change experts.

O&R has begun development of the CCRP and will file it with the PSC in November 2023.

Climate science and projections of future hazards are continuously evolving as new data
become available. Therefore, O&R will need to update the Study periodically to incorporate the
most recent developments in climate data science. This will also fulfill the requirement of PSL
§66 that utilities update their CCVS every five years.

There are also areas of climate science which have less certainty, such as wind modeling. O&R
may therefore require additional investment in sensors and weather stations to better
understand climate conditions and inform projections.

(& Orange & Rockland




Climate Change Vulnerability Study | Appendix

Appendix

Climate Science Methodology

To obtain meteorologically realistic projections that better resolve climate extremes, O&R
downscaled daily temperature and precipitation projections from each GCM using the quantile
mapping methodology. Such methodology adjusts model values by mapping percentiles of the
model’s distribution onto percentiles of historical observations, 147148149

O&R's pathways use the 75™ projection percentile of the Shared Socio-economic Pathway (SSP)
5-8.5 emissions scenario for temperature, precipitation, and related variables. Figure 18 below
shows global CO2 concentrations over time for all SSPs. The 75th projection percentile was
drawn from an ensemble of 16 GCMs for variables related to daily temperature and
precipitation, and 14 GCMs for variables related to hourly temperature and humidity.

Using the datasets from Columbia

University, ICF developed CMIP& Scenarios - Global CO,Concentrations [ppm]

projections for tailored variables — [
based on the constraints of O&R'’s o | i
. . 1000 —— — SSP5ES
electric system related to climate w0 | — sseamo
and extreme weather. Prioritized 000 | — S5P24S
variables covered hazards such as R

extreme heat, heavy precipitation,
combined heat and humidity, and
flooding. Variables relevant to asset
ratings included days per year with

[ppm]
g

average ambient temperatures 200
above 86°F and days per year with 100 -
maximum daily temperatures 0+ ' ' '
o 19 2000 2020 2040 20860 2080 2100
above 95°F, among others. o

Variables relevant to inland flooding
included maximum 5-day
precipitation totals and days per Figure 18. Histc.>rit-:al and proj'ected g-lobarl Cco2 concentra.tions
for the SSP emissions scenarios. Projections corresponding to
SSP5-8.5 are used in the Study.

Source: https://www.dkrz.de/bilder/bilder-cmip6/co2-emissions

year exceeding 2 inches of
precipitation, among others.
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Prioritized Climate Variables
The following variables were selected for analysis at the outset of the Study.
Dataset

Hazard Prioritized Variables

Extreme Heat - Days per year with maximum daily temperature above 95°F Columbia CMIP6 dataset

= Days per year with maximum daily temperature above 104°F
- Days per year with average ambient temperature above 86°F
- Days per year with average ambient temperature above 95°F
» Number of heat waves per year with 3 or more consecutive days

Average Temperature
Heat Index

Temperature Variable
(Tv)

Energy Demand
Extreme Cold

Heavy Precipitation

Return Period
Precipitation

Coastal Flooding

Inland flooding

Wind

MIT Projections

over 90°F

= Highest maximum annual temperature

Mean daily ambient summer temperature (6/1 - 8/31)
Days with heat index exceeding 95°F

Days per summer with TV >85°F, >90°F
Annual maximum summer TV

Cooling Degree Days
Heating Degree Days

Number of days with minimum daily temperatures below 32°F
Annual coldest daily temperature

1- and 5-day maximum precipitation
Days per year with >0.75 and >2 inches of precipitation

25-year, 24-hour precipitation event

Projected sea-level rise
Inundation extent and depth

100- and 500-year floodplain extent

Constraint on mean wind speed
Constraint on max wind gusts

» Hourly time series of accumulated rain

e 24-hour running total accumulated rain

= Hourly time series of surface runoff

» Hourly time series of accumulated snow and ice

= Hourly time series of snow water equivalent depth
= Hourly time series of physical snow depth

Columbia CMIP6 dataset
Columbia CMIP6 dataset

Columbia CMIP6 dataset

Columbia CMIP6 dataset

Columbia CMIP6 dataset

Columbia CMIP6 dataset

NYSERDA/Cornell CMIP5
Intensity-duration-frequency
(IDF) curve dataset

Columbia CMIP6 dataset for
sea-level rise and Columbia
Hudson River flood datasets

FEMA floodplains

Literature review and
optional supplementary
analysis of Spring Valley
weather station
observational dataset

MIT dynamically-downscaled
hourly climate projections
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Hazard Prioritized Variables Dataset

= Hourly time series of radial ice accumulation

= Hourly time series of 2-meter dry-bulb temperature

» Time series of hourly maximum wind speed at 10 meters
= Hourly time series of wind direction at 10 meters

Other extreme events . Hyrricanes and tropical storms Literature review

e Snow and ice

= Cold Snaps and polar vortex events
» Drought

- Wildfire

- Lightning and tornadoes

» Multiple extreme weather events

Table 15. Climate hazards and prioritized variables selected for analysis in this study

Historical Analogs of Extreme Events

The following tables illustrate historical analogs of hurricanes and tropical cyclones, ice storms,
and nor'easters in the O&R service area and surrounding areas.

Name Date Winds Rainfall Impacts
Hurricane lda September 1, EF3 tornado in New ~4.06to 6.06 A tornado watch was issued for the area; the
2021 Jersey with highest inches storm forced most of the subway system to
winds of 150 close with flooded stations; NYC was put
mph 150 under a flash flood emergency for the first
time.

Hurricane Henri August 2, 2021 Maximum sustained  ~0to 0.05 Set a daily rainfall record, later broken by

winds of 50 mph inches Hurricane Ida.

Tropical Cyclone  August 4, 2020 70 mph peak gusts, ~0.45t00.72 Flash Flood Emergency plan was activated,

Isaias sustained winds of inches tornado watch issued, over 579,000 lost
39 mph power in New York.
Superstorm October 29,2012 30 to 55 mph, gusts  ~0to 0.62 Major power outages in the O&R service
Sandy to 75 mph inches territory; Record maximum water level at the
Battery.

Hurricane Irene August 28, 2011 30 to 45 mph, gusts  ~4.38t05.18 Inland flooding (upwards of 12 inches of rain
to 65 mph inches northwest of the O&R service territory).
Marked the second hurricane to hit New
Jersey in 108 years. 151

Hurricane Floyd September 19, 25to 40 mph, gusts ~ ~5inches Major inland flooding (10-12 inches of rain) in
1999 to 45 mph areas southwest of the O&R service territory.
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Name Date Winds Rainfall Impacts
Hurricane Gloria ~ September 27, Gusts to 50 mph ~3.81t0 6.43 Worst impacts were over Long Island, with
1985 inches strong winds of approximately 90 mph and
heavy rainfall (~6 to 8 inches)
Hurricane Agnes  June 22, 1972 Gusts to 55 mph ~Tto2 Slow-moving storm that caused rainfall
inches flooding just to the west of the O&R service

territory. Locations in Pennsylvania saw
approximately 10 inches of rain

Hurricane Donna  September 12, Gusts to 75 mph ~3.19t03.62 Strongest wind gusts of ~100 mph over New

1960

inches Jersey.

Note: Wind data are the range of observations from Central Park, LaGuardia, and White Plains, unless otherwise specified. Precipitation data are
the range of observations from Port Jervis and Westchester. Data are from NOAA.

Table 16. Recent historical hurricane analogs relevant to the O&R service area.

Radial ice
Date accumulation Impacts
January 31- Up to 1.0 inches in Many areas of the Northeastern U.S. saw over 1.0 inches of ice accumulation,
February 3,2011 northern New Jersey with power outages, flight cancellations, airport closures, roof collapses and

and NYC more affecting this area. There were at least 36 fatalities and $1.8 billion in

damages.

December 11- Up to 0.9 inches in Widespread tree and power line damage, which contributed loss of customer
12,2008 Schenectady and power in New York and New England with some outages lasting for several days

Albany counties, NY

January 14-15, Up to 1.0 inches in
2007 Saratoga County

March 3-4, 1991  1-2 inches in most
affected areas

December 4-5, Up to 1.5 inches in
1964 east central New York

after the storm ended, hourly ice accumulation rates of % to 1/3 inches per hour
recorded, considered a benchmark for impacts to trees and power infrastructure
from 0.5 to 1.25 inches of icing.

Widespread power outages, primarily impacted Capital Region and North
Hudson Valley, winds in the wake of the storm caused additional power outages,
arctic air drawn into region dropping temperatures into the single digits to below
zero.

Over 17 hours of freezing rain and snow, power outages due to downed power
lines and trees, 18 counties with disaster declarations in New York, impacts in
Rochester and Watertown.

Widespread power loss for up to two weeks, over 1 week for ice to thaw leading
to additional outages from snapped wires 1 week after event, icing extended
from Buffalo to Boston.

Table 17. Historical analogs for ice storms impacting the O&R service territory and surrounding areas. 152
Analogs are illustrative and not a comprehensive set of historical extreme events.
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Impacts

January 31-
February 2, 2021

December 14-19,
2020

March 2, 2018

January 23-24, 2016

December 26-27,
2010

February 16-17,
2003

January 7-8, 1996

March 13, 1993

December 10-12,
1992

40 to 55 mph wind gusts

62 mph wind gusts in Mantoloking,
New Jersey

40 to 50 mph winds, gusts up to 65
mph

30 to 40 mph winds, gusts up to 75
mph on Block Island, New Jersey

25 to 40 mph gusts up to 65 mph

25 to 50 mph winds

30 to 50 mph winds, gusts up to 55
mph

Gusts of 60 to 70 mph

Gusts of 65 to 75 mph, 80 mph gusts at

Cape May, New Jersey

Over $100 million in damages across the Northeastern
United States.

Snowfall eclipsed the entire snowfall total from the previous
winter season (surpassing 4.8 inches) and killed at least 7
people.

Multiple tide cycles with coastal flooding. Strong winds
caused tree and wire damage.

Largest snowstorm on record in NYC (Central Park) Blizzard
conditions observed across the service territory with storm
surge in New Jersey equal to or worse than Superstorm
Sandy.

The heaviest snowfall from northeastern New Jersey into the
lower Hudson Valley. Blizzard conditions observed across the
O&R service territory.

Cold temperatures (in the teens) combined with very heavy
snowfall and strong wind gusts.

Multi-day event with widespread heavy snowfall. Days after
the storm, temperatures rose quickly, bringing rain and
flooding.

Snow changed to rain, then back to snow. Extreme wind
gusts caused power outages. Coastal flooding was also
reported.

Flooding and high tides in New Jersey and New York. Power
outages impacted transportation systems. Snow fell the next
day (~6 inches)

Note: Wind data are the range of observations from Central Park, La Guardia, and White Plains, unless otherwise specified. Data are from NOAA.

Table 18. Recent Historical Nor'easter and extra-tropical cyclone analogs and their associated winds in and
nearby the O&R service territory.
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