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Climate change is altering abiotic conditions throughout the OCS including for
sensitive habitats and species of special interest to all BOEM programs and
regions. It is challenging for environmental assessments to thoroughly evaluate
potential climate change impacts in the deeper waters of the OCS where less
information is readily available.

This study will compile, synthesize, and evaluate existing information on
climate change-related changes and impacts in OCS environments within the
BOEM management context, particularly impacts associated with sensitive
species and habitats.

Without this study, BOEM’s subject matter experts (SMEs) will not have access
to the proposed “one-stop,” easily accessible, synthesized and relevant
information resources designed to support BOEM assessment and
management needs related to climate change-related effects and impacts in
OCS environments.

This study will expand knowledge and fill in information and data gaps related
to climate change in OCS environments. Information will be synthesized to
create several specific resource deliverables SMEs can use for management
decision making and planning of future research.

The scope and results of this study span all BOEM regions and programs with
results useful for all BOEM-managed activities. The focus will be on OCS
environments where these activities occur, with particular emphasis on deeper
waters that are relatively understudied by climate change scientific research.

BOEM Information Need(s): Climate change has far-reaching impacts that can have a variety of
consequences for marine environments. Information on climate change is needed to inform BOEM’s
assessments and evaluations of impacts in areas of BOEM-managed activities and for sensitive species
and habitats of interest. The study will focus on the OCS and directly address areas and resources of
concern for BOEM. This study’s deliverables will contribute to more effective assessments and
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consultations, also helping to address current information gaps and inform best management practices
(BMPs) and future research needs. As climate change effects are expected to magnify over time, the
information will be of particular importance for accurately and more precisely estimating the cumulative
effects of BOEM-managed activities on the OCS. Species-, population-, and habitat-level impacts of
climate changes need to be better understood for BOEM analyses, including to better assess proposed
actions, evaluate appropriate alternatives and mitigation measures, accurately assign impact levels, and
inform future operational management decisions.

The information collected and synthesized will allow for more informed resource-management decisions
for BOEM-regulated offshore wind, oil and gas, marine minerals, and carbon sequestration activities
throughout the OCS. It will inform numerous national and/or programmatic efforts, a variety of National
Environmental Policy Act sections, Tribal consultations, and Coastal Zone Management Act consistency
determinations. The study will also contribute to BOEM'’s ability to meet its responsibilities under the
Federal Ocean Acidification Research and Monitoring Act (FOARAM 2009) and Executive Order 14008.

Background: Climate change and its effects are a growing concern for marine environments, and such
effects are increasingly being observed in deeper ocean waters (Sweetman et al. 2017) such as those
deeper than the photic zone. Despite this, until recent years there has been relatively limited research
into characterizing climate change-related effects such as ocean acidification, deoxygenation,
temperature changes, ocean circulation changes, and other parameters in deeper waters and associated
habitats. Key climate change documents such as the IPCC Sixth Assessment Report (IPCC 2021) and UN
World Ocean Assessment Il (United Nations 2021) do not focus on or adequately address climate change
in deeper waters (Levin 2021). Information that does exist is located across disparate sources and often
not specifically focused on BOEM’s areas of activities or resources of interest, with much of the current
knowledge specific to relatively shallow marine habitats such as tropical coral reefs.

Climate change can have both indirect and direct impacts on fauna and sensitive habitats, with effects
on individual species populations and wider ecosystem integrity and connectivity. Climate change can
disproportionately affect certain sensitive marine species, prey, and habitats. Ecologically important
biogenic habitats such as those formed by cold-water corals (actively protected by BOEM) are at risk
because climate change affects their environmental conditions. Cold-water coral habitats are being
increasingly exposed to acidified conditions, with live corals showing reduced calcification and coral
skeletons becoming eroded (Maier et al. 2008, Lunden et al. 2014, Hennige et al. 2020). Deeper marine
areas serve as global carbon reservoirs, accumulating carbon from ocean uptake of anthropogenic
carbon dioxide (CO,) at the surface and subsequent circulation to deep water. This is leading to shifts of
the aragonite saturation horizon, which is the depth at which corals may be vulnerable to dissolution
(zheng and Cao 2014, Perez et al. 2018). Withifn the century, most current cold-water coral habitats
could be beneath the aragonite saturation horizon (Guinotte et al. 2008). Regional- or global-scale
climate change impacts on foundational, habitat-forming species can potentially have even further
reaching effects on the other benthic and pelagic species that are dependent on them.

Objectives: The objectives of this study are to:

e |dentify habitats and/or species of concern in areas of the OCS where BOEM-managed activities
occur that may potentially be affected by climate change. Identify types and extent of climate
change potential impacts on those habitats or species and associated prey based on the current
state of knowledge.
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Compile and synthesize information on climate change effects in areas of BOEM-managed
activities and for sensitive habitats/species to create resources for BOEM SMEs.

Determine BOEM management-focused data and information gaps related to climate change
that need addressing, also aiming towards building future interagency and non-federal
partnerships to collectively coordinate and conduct field-based focused data collection studies.

Provide recommendations on how climate change information can be incorporated into BOEM
environmental analyses and assessments. Provide recommendations for future study needs and
BMPs related to climate change, within the specific context of BOEM-managed areas.

Methods: This study will enable a better understanding of the data and information that are available
related to climate change effects in the OCS, as well as potential impacts to ecosystems. Emphasis will
be placed on waters deeper than the photic zone and/or depths of 2200 m, with exceptions made,
where applicable, to accommodate region-specific sensitive habitat variations. Such exceptions will be
made in consultation with BOEM SMEs based on agency needs. This study will include multiple parts:

Part 1: Compile a scientific literature review and written synthesis report about climate change
in relation to key resources in OCS environments where BOEM-managed activities occur. The
study will focus on compiling existing information and data. Examples of information include
types of potential climate change effects and related geochemical or biological parameters;
impacts of climate change on OCS habitats; approaches for measuring parameters and effects;
best practices; and more. The scope will be guided by BOEM and other federal SMEs.

Part 2: Identify information and data gaps related to climate change in OCS environments that
warrant further investigation by BOEM and its partners.

Part 3: Develop recommendations for future research that is needed for BOEM to better
understand climate change in OCS environments in the BOEM management context, including
what should be researched and approaches that should be used. This may include
recommendations for topics and geographies for future field-based studies to conduct that
would include new sampling and analysis needed to address identified data gaps.

Part 4: Develop a set of BMPs for BOEM’s assessment and operational considerations related to
climate change with the goal of integrating information into existing BOEM SME resources.

Specific Research Question(s):

1.

What information and data are currently available about climate change effects in areas of the
OCS where BOEM-managed activities occur?

What are the potentially affected habitats, organisms, and associated resources of concern and
potential short- and long-term effects on them?

Are specific species/habitats likely to be disproportionally affected by specific climate change-
driven factors (e.g., change in aragonite levels) and how?

How can BOEM and others address identified information/data gaps regarding climate change in
deeper waters of the OCS (e.g., specific recommended future field work and BMPs)?

Current Status: N/A

Publications Completed: N/A
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Affiliated WWW Sites: N/A
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