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1.0 Introduction and Purpose

The Deepwater Horizon (DWH) oil spill settlement in 2016 provides the Natural Resource
Damage Assessment (NRDA) Trustees (Trustees) up to $8.8 billion, distributed over 15
years, to restore natural resources and services injured by the spill. As described in the
DWH oil spill Final Programmatic Damage Assessment and Restoration Plan and Final
Programmatic Environmental Impact Statement (PDARP/PEIS; DWH NRDA Trustees.
2016), the Trustees selected a comprehensive, integrated ecosystem approach to
restoration. The Final PDARP/PEIS considers programmatic alternatives, composed of
Restoration Types, to restore natural resources, ecological services, and recreational use
services injured or lost as a result of the DWH oil spillincident. As shown in the
PDARP/PEIS, the injuries caused by the DWH oil spill affected such a wide array of linked
resources over such an enormous area that the effects must be described as constituting
an ecosystem-level injury. The PDARP/PEIS and information on the settlement with BP
Exploration and Production Inc. (called the Consent Decree) are available at the Gulf Spill
Restoration website.

Given the unprecedented temporal, spatial, and funding scales associated with the DWH
oil spill restoration effort, the Trustees recognized the need for robust Monitoring and
Adaptive Management (MAM) to support restoration planning and implementation. As
such, one of the programmatic goals established in the PDARP/PEIS is to “Provide for
Monitoring, Adaptive Management, and Administrative Oversight to Support Restoration
Implementation” to ensure that the portfolio of restoration projects provides long-term
benefits to natural resources and services injured by the spill (Appendix 5.E of the
PDARP/PEIS). This framework allows the Trustees to evaluate restoration effectiveness,
address potential uncertainties related to restoration planning and implementation, and
provide feedback to inform future restoration decisions.

The Trustees also established a governance structure that assigned a Trustee
Implementation Group (TIG) to each of the eight designated Restoration Areas, including
the Open Ocean (OO) Restoration Area. Each TIG makes restoration decisions for the
funding allocated to its Restoration Area and is also responsible for identifying MAM
priorities for its respective TIG. The Open Ocean TIG (OO TIG) includes the four federal
Trustee agencies: U.S. Department of Commerce, represented by the National Oceanic
and Atmospheric Administration (NOAA); U.S. Department of the Interior (DOI); U.S.
Department of Agriculture; and U.S. Environmental Protection Agency. The OO TIG is
responsible for restoring the natural resources and services within the OO Restoration
Area that were injured by the DWH oil spill and associated spill response efforts.
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The DWH Trustees opened a publicly available Administrative Record for the NRDA of the
DWH oil spill, including restoration planning activities, concurrently with publication of the
2010 Notice of Intent (pursuant to 15 CFR § 990.45). DOl is the lead federal Trustee for
maintaining the Administrative Record, which can be found at
http://www.doi.gov/deepwaterhorizon/adminrecord. This administrative record is used by
the OO TIG to provide the public with information about DWH restoration planning,
including MAM activities. Additional information is also provided at
http://www.gulfspillrestoration.noaa.gov. Information about restoration projects and MAM
activities, including any data and/or analyses produced and annual reports, are made
publicly available via the Data Integration Visualization Exploration and Reporting portal
(DIVER), available at https://www.diver.orr.noaa.gov/web/guest/deepwater-horizon-nrda-
data.

To articulate its approach to MAM, the OO TIG released its MAM strategy in April 2019 and
updated itin June 2020 (DWH OO TIG, 2020). The strategy describes the TIG’s
responsibilities, goals, and priorities for the use of the OO Restoration Area MAM
allocation. Three goals were identified for the use of OO MAM funds: (1) the evaluation of
outcomes of the OO restoration effort across the portfolio of OO projects; (2) the
identification and filling of data gaps that affect the OO TIG’s ability to meet and/or
evaluate progress toward restoration goals for OO resources; and (3) the identification of
benefits and outcomes from OO restoration activities to resource, cross-resource, and
ecosystem restoration across the northern Gulf of America (Gulf, hereafter). The strategy
also identifies three priorities for OO MAM: evaluation of restoration progress;
identification of stressors; and assessment of focal species and important habitats. In
addition to MAM goals and priorities, the strategy also describes the TIG’s process to
develop and release MAM Activities. MAM activities are projects or other MAM efforts (e.g.,
monitoring, modeling, data collection, studies) developed to address identified MAM
priorities. In addition to its MAM strategy, the OO TIG considered the DWH Trustee
Council’s Standard Operating Procedures (SOP) during its selection process, specifically
Section 10.5 MAM Funding, which identifies the activities that may be funded within the
MAM allocation.

This MAM Activity Implementation Plan (MAIP) describes the MAM Activity, “Open Ocean
Ecosystem Modeling” which aims to evaluate restoration progress, a priority identified in
the OO TIG MAM Strategy, on an ecosystem level with an emphasis on the OO TIG’s
ecosystem-level restoration objectives and evaluation of cumulative restoration outcomes
for the Fish and Water Column Invertebrates (FWCI) Restoration Type. Thus, restoration
efforts focused on reducing OO stressors and threats, including reducing sources of
mortality for FWCI species injured by the spill, will be evaluated alongside restoration
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activities targeting indirect restoration of FWCI through the restoration of habitat support
functions, like habitat restoration in Wetland, Coastal, and Nearshore (WCNH)
environments as well as Mesophotic and Deep Benthic Communities (MDBC). This
document provides details on how the MAM Activity will be implemented and the data gaps
and uncertainties it will address. It also describes the activity’s applicability to the OO
MAM Strategy and consistency with the programmatic alternative selected by the Trustees
in the PDARP/PEIS.

The unprecedented spatial scale of the spill required restoration across the Gulf to restore
for the injury to the large number of FWCI species. The PDARP/PEIS identified a range of
restoration techniques to restore FWCI directly and indirectly through mortality reduction
and habitat restoration respectively. This activity is intended to compile information across
individual activities to assess the large-scale impact of DWH restoration. Ecosystem
models can quantify the combined impact of multiple restoration activities of differing
types, identify specific restoration actions that have had the greatest impact, and can
inform future efforts by pointing to key areas with potentially greater ecosystem impacts
resulting from restoration. Here, the OO TIG will oversee the development of a modeling
approach and implementation plan to use of one or more Gulf-wide ecosystem models to
evaluate the impact of restoration activities to FWCI biomass and productivity since the
spill. This effort will also explore how location-specific ecosystem models may be used to
inform or interface directly with Gulf-wide models. Developing the modeling approach
involves setting preliminary model goals, consulting modeling experts, selecting an
appropriate model and/or models, developing a modeling plan, and running the model(s)
to simulate Gulf ecosystems with and without DWH restoration. Eventually, this activity
may also serve as framework for evaluating case-wide benefits of the DWH restoration.
NOAA will be the implementing trustee responsible providing activity management and
coordination with the OO TIG.

2.0 MAM Activity Description
2.1 Background

Following the 2010 Deepwater Horizon oil spill, a comprehensive natural resource damage
assessment, required by the Oil Pollution Act of 1990 (OPA), characterized injuries to
several natural resources which rely on or are situated around the Gulf. Of these
resources, FWCI experienced sublethal and lethal impacts caused by oiling of individuals
resulting in reduced growth, reduced egg-hatch success, and mortality including an
estimated 2 to 5 trillion fish larvae in the water column (DWH Trustees, 2016: Section
4.4.5, French McCay et al., 2015). FWCI were not only directly oiled across multiple life
stages but were also indirectly impacted by loss of habitat they rely on for foraging,
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spawning, and evading predators. Despite these injuries, FWCI remain highly important to
the region with ecological, economic, and social consequences to communities across
the Gulf region.

Across their life stages, FWCI are an essential part of the food web, providing sustenance
for birds and higher trophic animals like marine mammals while regulating lower trophic
production. Via trophic relay and their movements among habitats, they transfer inshore
and nearshore productivity to open Gulf waters. Additionally, FWCI contribute to the
oceanic biological pump, exporting organic carbon from the surface ocean (Woodstock et
al. 2022) to the deep, facilitating carbon sequestration, while also contributing to other
oceanic biogeochemical cycles, like nitrogen cycling (Woodstock et al. 2023). The Gulf
FWCI also provide great economic value to surrounding states due to high fisheries
production. According to the 2023 Fisheries of United States Report, the Gulf contributed
approximately 15% of the total volume and value of commercial landings in the US (NOAA
Fisheries, 2023). FWCI also provide important ecosystem services such as recreational
fishing and cultural practices for communities across the Gulf. Although difficult, restoring
for previous injuries is necessary to support local communities and requires coordination
across the entire Gulf as the FWCI resource is spatially expansive and transient.

To address restoration for this important resource, the OO TIG compiled the Open Ocean
Fish and Water Column Invertebrates Strategic Plan (OO TIG, 2022a). This strategy
identified priority species, threats, and restoration opportunities for injured species and
established high level restoration objectives for the FWCI resource. Some of the most
pressing threats identified were fishing pressure, marine debris, invasive species, climate
change, water quality, and other anthropogenic effects like resource extraction, sediment
pollution, and noise. These threats and the injury to FWCI informed restoration objectives
which have been used to design and manage DWH restoration projects around the Gulf.
Thus far, restoration activities have ranged from promoting use of fishing devices and
mapping tools to reduce bycatch in commercial fisheries to reducing post-release
mortality of reef fish in recreational fisheries (OO TIG, 2019). In addition to directly
restoring for FWCI via mortality reductions, habitat restoration activities for other DWH
Resource Types, like WCNH and MDBC, address the large indirect impacts of the oil spill to
FWCI. Habitat degradation of WCNH and MDBC eliminated essential areas for FWCI
foraging, spawning, and shelter. Therefore, DWH habitat restoration projects like marsh
creation, barrier island enhancement, and building of oyster or artificial reefs have been
implemented to restore important habitat for FWCI to grow, reproduce, eat, and evade
predators across the Gulf coast. Recently, the OO TIG funded the development of a
conceptual model to refine evaluation of ecosystem objectives and adaptive management.
The resulting conceptual model illustrates relationships between drivers and stressors and
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the effects of restoration activities on OO restoration types. Through this effort, the
conceptual model also identified uncertainties across species, habitats, and processes
that should be addressed in future projects. The conceptual model provides a guiding
framework for quantitative ecosystem models to assess impacts of restoration to Gulf
ecosystems.

Ecosystem models are tools that enable scientists to examine complex ecosystem
processes, make connections between ecosystem components, identify mechanisms that
drive populations, and predict ecosystem changes across temporal and spatial scales.
These large-scale quantitative models can be grouped by their structure, function, and
outputs. Some examples include trophic-based, biogeochemical, physical-biological
coupled, and end-to-end models. Trophic-based models include species across trophic
levels and illustrate energy flows between the groups represented in the model.
Biogeochemical models quantify elemental flow between large pools of elements in an
ecosystem through biological, chemical, physical, and geological pathways. Similarly,
coupled physical-biological models link hydrodynamic processes to important biological
parameters such as recruitment and mortality. Like the previously mentioned models,
comprehensive end-to-end models include environmental relationships that relate
biological processes to chemical, physical, and geological processes. End-to-end models
also have the ability to include effects of industry, social or economic behaviors,
monitoring, restoration, and management (Fulton et al., 2011). Each of these model types
can be tailored to different ecosystems across spatial and temporal scales and many have
been used across the Gulf. Two specific examples are a Gulf-wide Ecospace model (Harris
et al., 2026, Berenshtein et al., 2021) and the Gulf of America Atlantis Model (Ainsworth et
al. 2015).

The Gulf-wide Ecospace model is an example of a trophic-based model that aims to
illustrate the trophic structure of the Gulf and estimate how interactions may change over
time (Berenshtein et al., 2021; Harris et al., 2026). This model has been used to investigate
tradeoffs to support ecosystem approaches to Gulf menhaden (Brevoortia patronus)
fisheries management (Berenshtein et al. 2023) and relate fisheries productivity to nutrient
conditions (Berenshtein et al., 2026). Further, the Gulf-wide Ecospace model has been
used as a benchmark to create ecosystem models of intermediate complexity in support of
stock assessments (Woodstock and Sagarese, 2026). The Gulf of America Atlantis model,
an end-to-end model, was developed to examine historical (1980-2010) fishing pressure in
the Gulf and used to address ecological hypotheses and evaluate management scenarios
(Ainsworth et al., 2015). More recently, Ainsworth et al. (2024) used the Atlantis model
framework to predict outcomes of Florida TIG cumulative restoration activities. These



examples demonstrate that large-scale modeling frameworks constructed for the Gulf are
capable of aiding ecosystem management decisions.

With the recently developed conceptual ecological model (OO TIG, 2022b) and modeling
capabilities demonstrated in the Gulf, there is high potential for the successful
development of a Gulf-wide ecosystem model or ensemble of ecosystem models to
assess the impact of DWH restoration. The purpose of this MAM Activity is to evaluate the
impact of Gulf-wide DWH restoration activities to FWCI resources, specifically biomass
and productivity, using a Gulf ecosystem modeling approach. This endeavor will be
separated into two major tasks described below in Section 2.2: 1) Develop an Open Ocean
Ecosystem Modeling Plan and 2) Examine Restoration Actions Using the Selected
Ecosystem Model(s). This activity will provide valuable insights into future restoration and
may guide future efforts to characterize case-wide effects of DWH restoration across Gulf
ecosystems.

2.2 Task Descriptions
2.2.1. Task 1: Develop an Open Ocean Ecosystem Modeling Plan

Developing this ecosystem modeling plan first requires setting model priorities and to
engage modeling experts to understand the state of model and data availability in the Gulf.
As mentioned above, Gulf-wide ecosystem models are currently being developed and
used to explore scientific hypotheses and aid management decisions. Thus, experts in the
field and region will have valuable insight in recommending a model framework that best
addresses the OO TIG’s goals in restoration evaluation. All Task 1 activities will take place
in Year 1 and will result in the development of an Open Ocean Ecosystem Modeling Plan.

Task 1a) Develop modeling plan scope and requirements

This task will involve a series of meetings among representatives of the OO Trustees to
refine the modeling plan scope and requirements. The scope and requirements will
include a list of questions to be answered by the model outputs, species of interest, and
desired temporal and spatial resolution of the model. These components will aid modeling
experts in advising on the existing models and data that may be relevant for the OO TIG
needs. In this series of meetings, each Trustee representative should pose their priorities
for the model and associated questions that would be addressed through model
simulations. Priorities can include the desired output or why this work may be useful to the
Trustees. Questions may be scientific in nature or related to model infrastructure and
capabilities. During a future workshop, NOAA will use this list to guide expert discussion
about the capabilities of different models to explore these questions and address the
priorities. Additionally, a list of representative species to include will be a key component
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of the modeling plan scope. In developing the list of representative species, the project
team will consider the list of DWH injured species, the priority species (Table 1) included in
the Open Ocean Fish and Water Column Invertebrates Strategic Plan (OO TIG, 2022a), and

species that best represent fisheries productivity associated with habitat restoration.

Table 1. FWCI Species Groups and associated priority species identified in the Open
Ocean Fish and Water Column Invertebrates Strategic Plan (OO TIG, 2022a)

FWCI Species Group

Priority Species

Billfish

Blue marlin (Makaira nigricans)

Drums and seatrout

Spotted seatrout (Cynoscion nebulosus)

Flatfishes Southern flounder (Cynoscion nebulosus)
Jacks Greater amberjack (Seriola dumerili)
Forage Fish Mullets (Mugil cephalus and M. curema)

Gulf menhaden (Brevoortia patronus)

Sea basses/Groupers

Red grouper (Epinephelus morio)

Snappers

Red snapper (Lutjanus campechanus)
Vermilion snapper (Rhomboplites aurorubens)

Tunas/mackerels

Yellowfin tuna (Thunnus albacares)
King mackerel (Scomberomorus cavalla)

Other demersal

American eel (Anguilla rostrata)

Other reef-associated

Golden tilefish (Lopholatilus chamaeleonticeps)

Crabs and lobsters

Blue crab (Callinectes sapidus)

Shrimp

Royal red shrimp (Pleoticus robustus)

Temporal and spatial resolution will be important considerations and should be discussed

prior to meeting with experts. Data availability may limit the resolution of the ecosystem

models, but a resolution goal will be valuable in guiding the overall model choice and may

suggest whether multiple models should be coupled to achieve desired spatial and

temporal resolution. Other considerations may include the ability of a model to forecast

future outcomes and the types of visualizations or tools created with model output that

may be useful in communicating restoration outcomes.

Task 1b) Compile information about existing models and datasets

Once the OO TIG lists model and species priorities, NOAA will lead a preliminary search of

existing models and datasets. This collection will be refined by experts during the

workshop but will provide foundational knowledge about various efforts to leverage and
include in a Gulf-wide evaluation of restoration projects for the OO TIG. In 2021, NOAA’s
Southeast Trophic Ecology and Ecosystem Modeling Working Group published a technical

report documenting model capacity and data sources throughout the Gulf at the time




(Hoskins-Brown et al., 2021). Although there have been recent developments, this
document may point to previous efforts and models which have since been expanded or
used to inform newer modeling efforts. Some key large-scale modeling efforts in the Gulf to
consider include a Gulf-wide Ecospace Model (Harris et al., 2026), the Gulf of America
Atlantis model (Ainsworth et al., 2015), and various regional instantiations of Modular
Ocean Model 6 (MOMSG6) (e.g. Ross et al., 2023). Smaller spatial scale models (Dynamic
Solutions, 2016, De Mutsert et al., 2012, De Mutsert et al., 2016) may be stitched together
to capture a larger area.

In addition to a survey of models, an inventory of available data will be collected and will
include data produced by DWH-funded projects and by other programs like the NOAA
RESTORE Science Program, NOAA National Centers for Coastal Ocean Science, the Gulf of
America Coastal Ocean Observing System, and the Gulf of Mexico Research Initiative.

Task 1c) Convene modeling experts for a workshop

The outcomes of Task 1 activities will be used to inform modeling and regional experts who
will be invited to participate in a workshop designed to provide guidance for development
of the Gulf-wide ecosystem modeling plan. After a list of invited participants is compiled,
NOAA will share the objectives of the meeting and the list of identified questions and
priorities for a Gulf-wide ecosystem model to the invitees. Some examples of guiding
topics and questions for meeting discussions are illustrated in Figure 1 on the following

page.



Meeting Objectives: Information shared in this workshop will guide development of an
ecosystem modeling plan to evaluate restoration benefits to fisheries across the Gulf

Questions and Priorities: Presentation of guiding questions and OO TIG priorities
to regional and modeling experts

Restoration Portfolio: Data Inventory: Existing Models:

NRDA restoration ¢ What datais necessary Physicalinfrastructure

Non-NRDA restoration to build an ecosystem Lower trophic

How to represent model? resolution

restoration in Overview of available Spatialresolution

ecosystem models? data Temporal resolution
Computational
efficiency
Coupling capability

Figure 1. Example layout of workshop discussion starting with meeting objectives, OO TIG
questions and priorities for an ecosystem model, overview of the restoration portfolio, data
inventory, and existing models. Suggestions of key discussion topics are included in each
box.

The goal of discussing the existing restoration projects, data, and models in the Gulfis to
converge on the model or ensemble of models that will be used to implement the
ecosystem modeling plan. The workshop participants will produce a list of
recommendations for the OO TIG that will address model resolution, temporally and
spatially; physical and chemical (i.e. water quality) infrastructure; computational
efficiency (or computing power); and the capability of models to be coupled. These
recommendations should also outline the level of effort required to implement each
recommendation, highlighting where more model development may be necessary. A
balance between computational efficiency and resolution may be important and thus the
OO TIG should consider the resolution necessary to evaluate restoration outcomes. In
doing so, the species list may be modified to capture diversity across trophic levels while
constraining the list to priority species. Lastly, the discussion of data availability may
emphasize where there are crucial data gaps. These uncertainties should be noted, as they
may support future monitoring efforts or influence future monitoring approaches to fill
potential data gaps. This workshop should bring forth varied perspectives and ideas
unanticipated by the OO TIG which may lead to a more realistic ecosystem modeling plan.



Task 1d) Develop ecosystem modeling plan

With all the information gathered, NOAA will develop an ecosystem modeling plan that
outlines the purpose, specific guiding questions the model is attempting to answer, and
methods of this modeling effort. The plan would provide an overview of the model(s)
chosen to represent the Gulf ecosystem, detailing the rationale for the choice and the
infrastructure of the model framework. Details about model infrastructure would include
the spatial and temporal resolution, hydrodynamic and water quality components, and the
capability of the large-scale model to couple to local-scale models. The plan would
provide a discussion of how the model framework handles biogeochemical cycling,
organismal movements (e.g., larval and planktonic transport, transient nekton movements
and/or migrations, diel vertical migrations, etc.), and how it may be applied to answer the
OO TIG’s questions. Information from the previously developed conceptual ecological
model (OO TIG, 2022b) may be used in framing the model infrastructure to establish
drivers and relationships between model elements. In addition to model infrastructure, the
plan would enumerate the species that would be included in the model framework and the
datasets that would be used for inputs and parameterization.

A major facet of the ecosystem modeling plan will define the simulations necessary to
analyze how restoration across the Gulf has impacted FWCI resources. Generally, two
simulations of the same length may be run:

1) includes the effects of Gulf restoration work
2) excludes the effects of Gulf restoration work

Each simulation should at least capture the first 15 years following the DWH oil spill (2010-
2025). To clearly differentiate the two simulations, the plan would provide a detailed
description of the initial (and boundary) conditions, including the ways restoration projects
are quantified or characterized in the model. For example, new fishing technologies may
be represented by a lower catch rate or reduced species selectivity for non-target species,
leading to reduced mortality, in particular fisheries. Additionally, the model plan will
determine best approaches for representing habitat restoration within the northern Gulf
spatial domain. The plan will also describe the way(s) long-term environmental trends and
variability are handled in each simulation, as they may have impacts on the modeled
restoration work. The plan would address the key model outputs that will be analyzed to
assess the overall benefit of OO TIG restoration work to FWCI across the Gulf and address
the OO TIG Ecosystem priorities and questions identified in Task 1a. Lastly, a discussion of
crucial data gaps should be included. This section may point to monitoring efforts that
would be essential for future model implementation to evaluate restoration progress
and/or case-wide outcomes. Once the model plan has been developed, the OO TIG would
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review the plan to ensure accurate representation of their posed questions and TIG

priorities before plan implementation.

2.2.2. Task 2: Examine Restoration Actions Using the Selected Ecosystem Model(s)

After the model plan has been developed, the subsequent activity years will be dedicated
to implementing the plan in three major phases:

1) Update and calibrate the models
2) Run restoration and reference simulations for years 2010-2025
3) Assess restoration impacts to Gulf fish and water column invertebrates

Implementing this plan will require modification and calibration of the models. If multiple
models are necessary, alterations to model infrastructure may be required to couple the
various models. This could include ensuring the temporal and spatial resolutions are
aligned for seamless connection. Additionally, using multiple models can allow for
information sharing (Figure 2) but requires a few functions to translate output from one
model to inputin an appropriate format for a receiving model.

Hydrodynamic or
Physical Models

» \Water Velocity
* Wind stress

» Temperature

» Salinity

» Mass transport

+ ‘Wave attenuation

=

-

Biogeochemical
Models

* Macronutrients

(C,P,N)

* Micronutrients
(Fe)

* Chlorophyll

*  Primary
productivity

®* Phytoplankton
functional group

biogeography

A

N

J

=

e

Ecological Models
* Zooplankton
biomass
® Fish biomass by
species
* Secondary
productivity

\

\

/

Figure 2. Information that may be shared among 3 different types of models, commonly
coupled. Hydrodynamic models output important information that dictates how nutrients

and plankton move and their physiological responses. Biogeochemical models provide

data on food for higher trophic levels captured in ecological models.

Other than differing kinds of models, multiple ecosystem models may be used in this
effort, running in parallel to address the range of scientific questions posed in Task 1a as
different models may use unique data or resolve different biological interactions. Once the
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model infrastructure is constructed, the models will be calibrated and initial values set
using available environmental, physical, and ecological data. Another consideration in
establishing the model will be to characterize the restoration portfolio in the model
boundary or initial conditions. These values may be informed by project data or estimates
based on technical advice from modeling and regional experts. All model assumptions will
be disclosed in a technical report and/or publication.

Following the model set-up, two simulations will be run. These simulations will be framed
in order to answer the questions that were generated by the OO TIG in Task 1a. The first will
represent the Gulf ecosystems assuming DWH restoration activities did not take place.
The second simulation will include all DWH restoration activities across the Gulf. These
simulations will both occur for years 2010-2025 and will include long-term environmental
trends and variability. Model output that illustrates biomass estimates for previously
injured FWCI and secondary productivity rates will primarily be used to assess the impact
of restoration to Open Ocean fish and water column invertebrates. Statistical analyses and
comparisons of model output to data should be utilized where appropriate in this
evaluation. Additionally, the modeling team should consider performing sensitivity
analyses to explore how the initialization of parameters affects model output. These
analyses may be helpfulin understanding the model output variance between the various
models used. For example, how might restoration activities in one area affect FWCI and
would different restoration activities yield greater biomass or productivity in one area over
another?

These data and analyses are expected to provide valuable insights to the OO TIG about the
impact of restoration work. There have been many investments in restoring for the
expansive injury to FWCI and this work aims to quantify how those investments have
affected this resource. Providing a quantitative value describing the benefit to this
economically and ecologically important resource will be key to communicating the OO
TIG’s work to the public. Not only this, but an ecosystem model of this scale may provide a
framework for evaluating case-wide benefits of DWH restoration for other restoration types
in the future.

Task Outputs

e Task1c) Open Ocean Ecosystem Modeling Workshop Recommendation Report:
This report will include a refined list of scientific questions and OO TIG priorities to

be addressed in the Gulf-wide model, an inventory of existing data and models in
the Gulf, priority species, and details on model construction and model
characterization of restoration.
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e Task 1d) Gulf-wide Ecosystem Modeling Plan: Objectives, purpose, methods to
implement an ecosystem modeling plan for the Gulf. Key model and data
considerations included for potential modeling team

e Task 2) Updated, calibrated, and coupled models: Publicly available model code
initialized with listed data inventory

e Task 2) Model output from simulations: Large temporal and spatial datasets
publicly available for all simulated scenarios

e Task 2) Technical Report and/or publication: Summarized model results and
discussion of restoration impacts to Open Ocean FWCI

Timeline

Overall, the duration of this activity is 4 years (Table 2). All activities in Task 1 including the
model scope and requirements, model and data inventory, expert workshop, and the
development of the model plan will occur in the first year. A possible further breakdown of
Task 1 activities is outlined below (Table 3). The implementation of the ecosystem model
plan, Task 2, will occur in subsequent years. Updating and calibrating the chosen models
will occur in the second year, possibly continuing into the third year. The model
simulations will take place primarily in the third year, but supporting sensitivity analyses
may carry on to the fourth year. Lastly, the final assessment and recommendations will
occurinthe final year of the project, Year 4.

Table 2. This activity will occur over a period of 4 years starting with the development of an
agreement and receipt of funding. Task 1 activities will occurin Year 1, while Task 2
activities will occur in Years 2-4.

Task Description Year

1 Model Scope &
Requirements

Model & Data Inventory

Expert Workshop

Develop model plan

2 Update & Calibrate
Models

Model Simulations

Assessment
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Table 3. Possible breakdown of Year 1, Task 1, activities by month. We anticipate this
activity will begin in January 2027 and continue through December 2027.

Task | Description Months
Jan ‘ Feb\Mar\Apr May | Jun | Jul | Aug | Sept | Oct | Nov | Dec

1 Model Scope &
Reqguirements
Model & Data
Inventory
Expert
Workshop
Develop model
plan

Budget

The total predicted cost following the timeline above (Table 2) is $3,345,000. See below
table (Table 4) for a high-level estimated budget categorized by tasks, MAM oversight and
reporting, and contingency.

Table 4. High-level breakdown of the total budget for this MAM activity. The total costis
estimated as $3,345,000.

Cost Category Cost Estimate

Task 1: Develop Ecosystem Model Plan $424,000
Task 2: Implementation $1,985,000
MAM Activity Management, Oversight, $631,000
and Reporting

Total MAM Activity Cost without $3,041,000
Contingency

Contingency $304,000
Total MAM Activity Cost with 10% $3,345,000
Contingency

3.0 Roles and Responsibilities

NOAA would be the Implementing Trustee responsible for implementing this MAM activity
and would serve as the technical and administrative lead, while engaging stakeholders and
experts from other OO TIG agencies. NOAA would be responsible for coordinating with the
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OO TIG and providing overall direction and oversight for this MAM activity, including
administration of any contracts or cooperative agreements, completing compliance
requirements, financial tracking, annual reporting, and DIVER data management.
Representatives from the OO TIG would be asked to engage in Task 1 activities, providing
their list of scientific questions and priorities to be addressed by the ecosystem model.
Additionally, the OO TIG may invite appropriate regional and modeling experts to the
workshop outlined in Task 1c.

4.0 Data Management and Reporting

The DWH Trustees, as stewards of public resources under the OPA, will inform the public
on the MAM Activity’s progress and performance. Therefore, NOAA will report the status of
the proposed MAM Activity via DIVER Restoration Portal annually, as outlined in Chapter 7
of the PDARP/PEIS (DWH Trustees, 2016). All reports and their associated analyses would
be submitted to the NOAA Institutional Repository and links to the documents would be
provided in the DIVER Restoration Portal. All model code would be maintained in one or
more appropriate version control system(s) and would be documented and retained in
accordance with NOAA Administrative Order 201-118 and all applicable record retention
policies for the case. Because the proposed models are typically computationally
intensive, all input and output data would also be retained for consequential simulations.
Consequential simulations include those simulations that support recommendations or
conclusions in published reports but would not include model sensitivity analyses. The
data management systems to be used for model version control and retention of raw data
would be determined once the model(s) to be used in this activity are identified, and would
depend, in part on systems already in use and on the data volume. Other records produced
by this activity would be maintained in secure cloud-based systems, potentially including,
but not limited to NOAA SharePoint, NOAA Google Drive, and NOAA DIVER.

Data storage and accessibility will be consistent with the guidelines in Section 3.1.3 of the
MAM Manual (DWH Trustees, 2021). In the event of a public records request related to data
and information that are not already publicly available, the Trustee to whom the request is
addressed would provide notice to the other OO TIG members prior to releasing any data
that are the subject of the request. Some of the data collected may be protected from
public disclosure under federal and state law (e.g., personally identifiable information
under the Privacy Act) and therefore would not be publicly distributed.

5.0 Consistency with the DWH Programmatic Restoration Plan

This MAM Activity is consistent with the comprehensive, integrated ecosystem restoration
alternative selected in the PDARP/PEIS (section 5.5). This MAM Activity will specifically
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support restoration of Restoration Types and associated goals described in the
PDARP/PEIS, including Fish and Water Column Invertebrates, (section 5.5.6); especially
the three restoration approaches to restore for the water column injury: 1) coastal and
nearshore habitat restoration implemented under WCNH Restoration Type, 2) offshore
habitat restoration implemented under MBDC Restoration Type), and 3) mortality
reduction).

The PDARP/PEIS recognized that no absolute biological or physical line separates
individual habitats, which exist not as distinct habitats but as transitional or gradients that
occur along a continuum from inshore coastal areas to the deepest oceanic regions. These
habitats support faunal communities that directly utilize them as well as communities they
indirectly support via trophic connectivity. Furthermore, many species move among
habitats and/or thrive on the edges of habitat types and in doing so facilitate transfer of
productivity among these habitats. Information obtained from this MAM Activity will
directly benefit understanding of horizontal and vertical trophic and productivity flows
between Gulf of America habitat restoration activities and water column habitats and their
associated food webs that support multiple injured resources (e.g., FWCI but also other
Restoration Types such as Sea Turtles, Birds, Marine Mammals, and Sturgeon).

This MAM Activity also has direct linkages to the PDARP/PEIS, Monitoring and Adaptive
Management Framework (PDARP/PEIS Section 5.E). The framework calls for Trustees to
synthesize monitoring information and restoration outcomes across multiple injured
resources and to support restoration evaluation and inform adaptive management at
regional scales. This MAM Activity will provide tools to the OO TIG to quantify and evaluate
how MDBC and WCNH habitat restoration activities restore not only these specific
habitats but also the invertebrates and fishes that directly rely on them. Restoration of
WCNH and MDBC leads to direct and indirect trophic transfer between these resources
benefiting water column fishes and invertebrates, as well as marine mammals, providing
cross-resource and ecosystem level benefits.

The OO TIG MAM strategy (OO TIG, 2020) identified 1) evaluation of restoration progress, 2)
identification of stressors, and 3) assessment of focal resources and important habitats as
priorities. Additionally, the OO TIG has identified draft ecosystem restoration objectives
that focus on improving habitats, enhancing connectivity and energy and nutrient flow
among important habitats, increasing prey species biomass, and reducing sublethal
effects and mortality; with the cumulative effect of achieving these objectives all leading to
increased productivity of injured open ocean species. This MAM activity will evaluate how
restoration activities to date have impacted injured FWCI. The modeling approach will
allow for concurrent assessment of mortality reduction and habitat restoration efforts to
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increase FWCI productivity. Synthesis of Gulf-wide monitoring data and evaluation of
restoration outcomes will inform progress towards achieving PDARP restoration goals and
adaptive management of the OO TIG’s restoration efforts to achieve them. Project outputs
will be used to help identify which restoration efforts, and the location of those efforts, had
the highest influence on key monitoring metrics. Additionally, a Gulf-wide ecosystem
model may be linked to future modeling efforts related to restoration activities to reduce
specific stressors identified for FWCI, such as marine debris and harmful algal blooms.
The model output will not only enhance restoration decisions for the OO TIG but can be
leveraged by other restoration practitioners and ecosystem managers across the Gulf.

6.0 Compliance Considerations
6.1 NEPA Review and Conclusion

The Trustees’ approach to compliance with NEPA, as summarized in this section, is
consistent with, and tiers where applicable from the PDARP/PEIS Section 6.4.14.
Resources considered and impact definitions (minor, moderate, major) align with the
PDARP/PEIS. Relevant analyses from the PDARP/PEIS are incorporated by reference. Such
incorporation by reference of information from existing plans, studies or other materialis
used in this analysis to streamline the NEPA process and to present a concise document
that briefly provides sufficient evidence and analysis to address the OO TIG’s compliance
with NEPA. All source documents relied upon are available to the public.

As discussed in Chapter 6 of the PDARP/PEIS, a TIG may propose funding a planning phase
(e.g., initial engineering, design, and compliance) in one plan for a conceptual project, or
for studies needed to maximize restoration planning efforts. This would allow the TIG to
develop information needed leading to sufficient project information to develop a more
detailed analysis in a subsequent restoration plan, or for use in the restoration planning
process. Where these conditions apply and activities are consistent with those described
in the PDARP/PEIS, NEPA evaluation is complete, and no additional evaluation of
individual activities is necessary.

NEPA Review of MAM Activity

The activities and tasks described here consist exclusively of desktop analysis of existing
literature, existing data resources, report development, engagement of subject matter
experts, and computer model simulations. This activity would include data collation and
synthesis with no field data collection. Consequently, there will be no impact to resources
as defined within the PDARP/PEIS.
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NEPA Conclusion

After reviewing the proposed activities against those actions previously evaluated in the
PDARP/PEIS, the OO TIG determined that the environmental consequences resulting from
this MAM activity falls within the range of impacts described in Section 6.4.14 of the
PDARP/PEIS, thus no additional NEPA evaluation is necessary at this time.

6.2 Compliance with Other Environmental Laws and Regulations

There will be no fieldwork as part of this MAM activity, thus further compliance reviews are
not necessary because there will be no effects to protected species, their habitats, or to
culturalresources. The National Historic Preservation Act review is in progress. No other
consultations, permits, or authorizations are needed to complete this MAM activity. See
the table below (Table 5) for the compliance status by statute at the time of this MAIP.

Federal environmental compliance responsibilities and procedures follow the Trustee
Council SOP, which are laid out in Section 9.4.6 of that document. Following the SOP, the
Implementing Trustees for each activity will ensure that the status of environmental
compliance (e.g., completed vs. in progress) is tracked through the Restoration Portal.

Documentation of regulatory compliance will be available in the Administrative Record
that can be found at the DOI’s Online Administrative Record repository for the DWH NRDA
(https://www.doi.gov/deepwaterhorizon/adminrecord). The current status of

environmental compliance can be viewed at any time on the Trustee Council’s website:
http://www.gulfspillrestoration.noaa.gov/environmental-compliance/.

Table 5. Status of federal regulatory compliance reviews and approvals

Federal Statute Compliance Status
Bald and Golden Eagle Protection Act (USFWS) N/A
Coastal Barrier Resources Act (USFWS) N/A
Coastal Zone Management Act N/A
N/A
Endangered Species Act (NMFS)
Endangered Species Act (USFWS) N/A
Essential Fish Habitat (NMFS) N/A
Marine Mammal Protection Act (NMFS) N/A
Marine Mammal Protection Act (USFWS) N/A
Migratory Bird Treaty Act (USFWS) N/A
National Historic Preservation Act In progress
Rivers and Harbors Act/Clean Water Act N/A
National Environmental Policy Act Complete, based on Section 6.4.14 of the Final

PDARP/PEIS and above in the Summary NEPA
Review section
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