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1. Introduction: The Network to Network Gulf of Mexico (N2N-GoM) organization is created to
bring together networks across market sectors, academia, and government to build a new
community of communities based on shared priorities for solutions to climate change
forcing in the GoM region. Building a new community from existing networks and
stakeholders allows new collaborations towards finding solutions to complex climaterelated risks that affect the social, economic, and environmental elements within the GoM
region and beyond. Development of the N2N-GoM continued after the N2N-GoM Merida
Workshop as part of the approved no-cost extension creating a foundation to further seek
implementation of research and professional development strategies. Key elements include
the following:
•
•
•
•

Continued coordination of the participating networks and members following the N2NGoM Yucatan Workshop.
N2N-GoM Merida Workshop: Identification and Prioritization of Risk-Based Decision
Making Factors
N2N-GoM Merida Workshop: Risk-Based Decision-Making Framework for the
Development of a Decadal Research and Development Agenda for the Gulf of Mexico
Production of two manuscripts, one focused on the workshop outcomes and the other
focused on establishing the model framework.
In addition to the items identified above the N2N-GoM team continued development of
a Data-Lake System for data integration and modeling. It is envisioned that this DataLake System will be a technological catalysis and integrator for leveraging N2N-GoM
network capacity (Note that this effort compliments and is an important element of
the N2N-GOM network, but is an independently funded effort supported by the
Yucatan Imitative Project and members of Texas A&M University).

2. Continued coordination of the participating networks and members following the N2NGoM Yucatan Workshop: The continued network development centers on enhancing
relationships of the current networks and institutions who initially participated in the N2NGoM Workshop, as well as strategic new members that leverage the N2N-GoM goals in
terms of scientific development and overall network strength. Appendix A presents
individuals and networks currently engaged in this effort. The Steering Committee (SC), led
by Dr. Zenon Medina-Cetina during this extension period, held weekly coordination
meetings from March 27, 2020 to November 30, 2020. In total there have been 27 meetings
to date that have provided the framework for both N2N-GoM member meetings, as well as
continuing the positive momentum established during the Merida Workshop.
To advance N2N-GoM the Steering Committee (i) established three Working Groups (WG):
Governance, Research, and Data Science and (ii) targeted two N2N-GoM membership
meetings: 28 August (member Informational meeting and re-engagement) and 6 November
2020 (N2N-GoM kick-off meeting).
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2.1. Working Groups. Members of the three established WG’s met regularly through the
summer and continue to meet through the fall 2020. Current WG outcomes are
summarized below:
2.1.1. Research: Specific goals were identified (i) Establish Integrated Research Teams;
(ii) Reconfirm research priorities (i.e. Extreme Events, Economic Resilience, Coastal
Resilience, etc.), (iii) Establish a strategy to develop a N2N-GoM decadal agenda,
(iv) Identify possible funding opportunities, and (v) Establish strategies for
connectivity.
2.1.2. Governance: The N2N-GoM Governance WG identified specific goals and
outcomes that will create the organizational bylaws. The initial step is charging a
committee to draft the bylaws and to establish the legal status of N2N pertaining
to network and international agreements. A task description with the targeted
timeline is showed in Figure 1.
Figure 1. Governance Working Group Agenda

2.1.3. Data Science: The N2N-GoM Data Science WG identified the critical needs
related to data (i.e. Identification, sampling strategies, integration and
collection of data for its organization and use within the Data-Lake System,
data application for models, among others). The Data Science WG includes: (i)
Draft N2N-GoM Data Governance, (ii) Define Data-Lake System opportunities,
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and (iii) Investigate, select, validate and approve a set of the Data Science
Methods and resources.

Figure 2.Data Science Lifecycle
2.2.

N2N-GOM Community Engagement. Two community engagement efforts occurred
during the extension period.
2.2.1 Informational Overview Meeting: The meeting was held on 28 August
28, 2020. The key aspects covered during the informational were: (i)
Highlights of the Merida Workshop, (ii) Progress since the workshop,
(iii), Strategy going forward, and (iv) WG updates.

The specific outcomes was to actively engage Merida Workshop participants in the
development of the N2N-GoM. Invitations were extended to the 45 participants from
the Merida Workshop, plus some other new interested participants. The number of final
participants in the informational session was 29 (including steering committee members
and support staff). The slides with the information presented during this session are
included in Appendix B.
2.2.2 Kick-off meeting Overview: The meeting took place 6 November 2020.
The discussion addressed the proposed organizational structure and
the current strategies developed by the three working groups. The
Workshop Invitations were extended to the participants from the
August meeting. There was a total of 33 participants (including steering
committee members and support staff). The slides with the information
presented during this session are included in Appendix C.
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2.2.2.1. Research: The N2N-GoM Research WG circulated a survey to the
46 participants from the Merida Workshop to obtain additional post
workshop information to aid in the development of the Research
strategy. A total of 19 responses were received from participants
resulting in a response rate of 41 percent. Noteworthy is that 90
percent of the members responding to the survey agreed to engage
in one or more of the IRTs with several individuals expressing
interest in leading a specific IRT. The survey responses were
presented at the N2N-GOM kickoff meeting (Figure 3) resulting in a
proposal to establish the initial IRTs (Figure 4). Also presented were
the current capacities identified across existing N2N-GoM members
(Figure 5).
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Figure 3. IRTs Survey Responses.
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Figure 4. Research WG Proposed IRTs.

Figure 5. IRTs Potential capacities from members. Specifics remain to be defined.
2.2.2.2. Governance: The Governance WG presented the initial N2N-GoM
organizational structure for discussion (Figure 6). The discussion also
focused on the roles and responsibilities of the Governance WG.
Examples of issues to be addressed by the Governance WG include
at present: Bylaws (i.e. membership, governance, policies and
procedures, Committee composition, functions,, communication
guidelines, bylaw amendments, Conflict of interest, NDAs, legal
framework, data governance, etc.
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Figure 6. N2N-GoM Governance Structure
2.2.2.3. Data Science: The Data Science WG presented the following task
items to advance the ability for data exchange and use among
networks:
2.2.2.3.1. Collect Data Governance related recommendations from
Council members.
2.2.2.3.2. Resolve data related issues when conflicts arise.
2.2.2.3.3. Makes decisions about data definitions, data quality, and
data timeliness with knowledge of impact on their domain.
2.2.2.3.4. Consider, approve and promote University-wide data
management policies, standards, guidelines, and operating
procedures related to the University’s institutional data
assets.
2.2.2.3.5. Assess University-wide applications as it relates to storing
and strategically using data.
2.2.2.3.6. Evaluate and prioritize potential University-wide and
institutional data systems projects.
2.2.2.3.7. Advise on University-wide strategic plans for data
management including sourcing, distribution,
maintenance, and quality of University/institutional data
assets.
2.2.2.3.8. Advise on University/Research Lab-wide data management
practices for decision making including data warehousing,
business intelligence, master data management, and
metadata management.
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2.2.2.3.9. Recommend plans and methods for assessing data
management value and risk.
2.2.2.3.10. Ensure institutional data has consistent definitions and
responsible classifications according to best practice data
management standards and guidelines.
In addition, the Data Science group has set their input into the Risk Model with a
flow chart presented in Figure 7. The flow chart explains the interaction between the
Data-Lake System and the Bayesian Network risk model.

Figure 7. Data Feed on the Bayesian Risk Mode.
As part of ensuring security in data sharing, the Data Science WG introduced the Data Ethics
Canvas (Figure 9). The sets of issues to be addressed by the Data Science WG and the Governance
WG are to ensure a correct use and within the legal framework of the data shared though this
network.

8

Figure 8. Data Science Governance.
3.

N2N-GoM Merida Workshop: Identification and Prioritization of Risk-Based Decision
Making Factors: The Network to Network Gulf of Mexico (N2N-GoM) organization is
created to bring together networks across market sectors, academia, and government
officials to build a new community of communities based on shared priorities for
solutions to climate change forcing in the GoM region. Building a new community from
existing networks and stakeholders allows new collaborations towards finding solutions
to complex climate-related risks that affect the social, economic, and environmental
elements within the GoM region. This network-to-network approach provides the
opportunity to capitalize on new insights and perspectives for breakthroughs that
accelerate transformation and leverage existing and new resources to attain solutions.
Also, it is important to remark that international collaboration from both countries (US
and Mexico) through their networks bring a new level of leverage for assessing the GoM
risks related to climate change and bring solutions to those risks. The internationality
that N2N-GoM brings to these networks will expedite data sharing and characterization
of variables and processes related to climate forcing in the GoM region. The N2N-GoM is
aimed to help decision making using scientific data to validate and create priorities of
impacts and the solutions for those impacts. Post Merida Workshop efforts continued
the characterization of the threats, vulnerable systems, and impacts of those threats
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over the vulnerable systems. To do so, requires resource managers, scientists, and
market sector experts.
One element of the N2N-GoM Merida Workshop was to identify and characterize the
natural and anthropogenic threat variables, vulnerable systems to these threats, and the
metrics used to assess the social, economic, and/or environmental losses derived from the
damage to the systems/vulnerabilities withstanding the given threats. To improve the
decision making the workshop was organized using a risk methodology by means of risk
theory inspired by the United Nations Disaster Relief Office (UNDRO, 1980). This theory
introduces the concept of Risk Assessment as a state for a given spatial and time domain.
Risk = Hazard x Vulnerability x Consequences (eq. 1) where Risk = P(T)x P(C/T)x u(C) (eq.2)
In equation 2, P(T) is the Hazard or probability of a given threat intensity (T), P(C|T) is the
Vulnerability or conditional probability of experimenting with a consequence or damage
level (C) given likely threat intensities (T).
An outcome from the Merida workshop was the identification of five priority threats: Sea
level rise, water chemistry, weather extreme events, innovation (or lack of innovation), and
geo-politics based on workshop participants. Systems vulnerable to these threats were
classified into three groups: environmental, social, and economic (Figures 9 and 10).
Figure 9. Vulnerable systems identified in the N2N-GoM workshop
Vulnerable Systems
Environmental
Social
Economic
Water quality
Population health
Oil and gas industry
Wetlands
Native communities
Tourism industry
Geo-hydrological systems Public health infrastructure Transportation system
Shorelines
Housing/residential
Real state
Biota
Education
Fishery
Cultural heritage
Archeological sites
It is important to mention, sea-level rise, water chemistry, and extreme events are a
consequence in some research works (Agraz, 2015; Duarte et al., 2013; Gutierrez, Plant, &
Robert Thieler, 2011). However, damage to the environment is irreparable at some point
and their impacts assessments are a priority for international, national, and institutional
organizations. USGCRP (2018) recognizes five adaptations stages, awareness, assessment,
planning, implementation, and monitoring, and evaluation. Adaptation entails a continuous
risk management process which includes considering probable permanent climate changes,
and the actions to reduce their risks over time. Resiliency and adaptation are processes
where time is the key factor. In a complex system such as the GoM, resiliency and
adaptation requires the engagement of varied disciplines, stakeholders, policies, and the
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community in other to achieve an equilibrium. Following a risk methodology approach can
lead to create a foundation to implement strategies on top priority threats to create
resiliency and adaptation on the GoM region.
Establishment of N2N-GoM continues to focus on alignment of existing networks,
developing synergies through appropriate conduits, as well as the identification of common
scientific and technological priorities. This is a critical step in the development of a
successful ‘Network of Networks’, however, further advances can be attained through the
development of a strategic roadmap that integrates common priorities and leverages
resources to advance research on how climate variability will impact the GoM region. Two
key elements are required to advance N2N-GoM. The first is continued development of the
network connectivity. The second element is continued advancement in advancing the
science.
Figure 10. Risk-based processes/variables list identified in the N2N-GoM Merida
workshop

The purpose of this effort work is to continue the revision of the list of threats,
vulnerabilities, and consequences from the N2N-GoM workshop. The definition of the
variables consists of the revision of the literature, the characterization of the processes and
variables related to the variable, collecting evidence related to the variable, and defining
the variables existing evidence overlaps and gaps. A Bayesian Network is implemented for
the Risk Assessment in the GoM as an environmental, social, and economic system. Finally,
to develop a risk-based decal agenda for the GoM region.
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The effort completed during the extension was to improve the N2N-GoM Merida
Workshop: Identification and Prioritization of Risk-Based Decision Making Factors through a
literature review.
To analyze the most relevant keywords related to the GOM, a set of bibliometric analyses of
the literature published over the past 40 years was completed. Fifteen keyword
combinations using the GoM and risk-related language. The Web of Science database
(Analytics, 2018) was selected since it contains 171 million records, 34 thousand journals
registered, 1.89 billion cited references, and 119 years of back-files (as of November 2020) .
This procedure entails fifteen experiments keywords searches in the database, collecting a
list of papers titles, abstracts, keywords, and cited references from the time period of 1960
– 2020. This time period was selected to provide an adequate temporal range to identify
research trend areas. Fifteen author-keywords were selected, one search for the GoM
alone, six for GoM and words related to the risk framework, three more for a combination
of GoM, a system, and the word risk, and to conclude five more combinations of the GoM
and the top priority threats identified at the N2N-GoM workshop. Figure 11 illustrates the
fifteen author-keyword combinations used in this search and categorize them as previously
stated.

Literature Review Bibliometrix

Gulf
of
Mexi
co

GoM

Risk related

GoM,
Risk

GoM,
Threat

GoM,
Conseq
uence

GoM,
Hazard

System + Risk

GoM,
System

GoM,
Impacts

GoM,
Social
Risk

GoM,
Environ
mental
Risk

GoM,
Econom
ical
Risk

Five Top Priority Threats

GoM,
Sea
level

GoM,
Water
Chemist
ry

GoM,
Extreme
Events

GoM,
Innovati
on

GoM,
Geopoli
tics

Figure 11. Literature review systematic keyword search.
The bibliometric maps represent with nodes the keywords and their sizes represent the
occurrences of each keyword in the database is presented in Figure 12. The key words
sorting based on publications, publications per classification, organization, and county are
shown in Figures 13 through 16.
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Figure 12. Network map Keywords: GoM. Clusters (left) and time-period overlay (right).

Figure 13. Twenty-five keywords with more occurrences in the fifteen databases
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Figure 15. Twenty-five organizations with more contributions to the fifteen databases
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Figure 14.Twenty-five classification areas with more occurrences in the fifteen databases

Figure 16. Twenty-five countries with more contributions to the fifteen data bases
The top 5 study classification areas concur with the keywords’ topics, being marine sciences,
environmental sciences, ocean sciences, geosciences, and ecology the areas with more
documentation related to the GoM and a risk framework. A histogram of the organizations
with more contributions to the databases is presented in Figure 15. Figure 16 enlist the
twenty-five countries with more publications within the fifteen databases. The top five
institutions are amongst universities (Universidad Nacional Autonoma de Mexico (UNAM),
Louisiana State University, and Texas A&M University) and two federal organizations (NOAA
and US Geological Survey).
The bibliometric maps of the 15 experiments (Figure 13) represents one mode analysis of
the keywords among the databases. A one mode analysis illustrates the keyword
occurrences and their strength of union depends on the number of citations of the
keywords and their respective publications and documentations. This analysis helps us to
identify the research clusters and main priorities related to the GoM.

4. N2N-GoM Risk-Based Decision-Making Framework for the Development of a Decadal
Research and Development Agenda for the Gulf of Mexico
Each variable was classified during the N2N-GoM workshop in three categories, threat,
vulnerable system, and impact metric. The next step is to characterize each variable by the
identification of the evidences. To characterize the variable, we created a database with
each variable definition, and listed each variable source of evidence which can be a dataset,
a model prediction or an expert belief. (Figure 17). The variable characterization is going to
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be used later in the variable statistical characterization that will feed the Bayesian Network
model (Figure 18) in the risk assessment of the GoM.
Figure 17. Variables data base content.
Threat
Vulnerable systems
Definition
Definition
References
References
Dataset (field
Dataset (field
and/or lab
and/or lab
observation)
observation)
Evidence
Evidence
Model Prediction
Model Prediction
Expert
Expert
knowledge
knowledge

Impact metric
Definition
References
Dataset (field
and/or lab
observation)
Evidence
Model Prediction
Expert
knowledge

Figure 18. Bayesian Network for representing the variables influencing on the Gulf of Mexico.
Red box = threats; Blue box=vulnerable systems, Green box = state of risk
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The Bayesian network model shown in Figure 19 contains the variables identified in the
N2N-GoM workshop. This model only includes the top five priority threats, the vulnerable
systems these impact to, and their corresponding social, economic and environmental
States of Risk. The color code for variables is: green colors represent an environmental
variable in threat, vulnerabilities, and state of risk system; orange color represents
anthropogenic threats and social variables in the vulnerable and state of risk levels; and
finally, the blue color represents an economic variable. This color code was carried out in
the entire document.
Interdependencies were built using the expert criteria constructed during the N2N-GoM
workshop and complemented using the variable characterization. Innovation and
geopolitics were the variables with less information related to their effects on the Gulf of
Mexico. Therefore, their dependencies were recognized mainly by the expert criteria from
the workshop. The model represents a simplification of the entire GoM system,
nevertheless, due to time and evidence availability in this project, we revised the variables
and processes recognized in the N2N-GoM workshop recognized as top priorities.
Three variables were presented, one with identification of every type of evidence (physical
data, model predictions and expert beliefs), and two variables with two types of evidence.
Expert’s beliefs refers information related on how or what is the expert options about
parameters and ways to measure a process. For example, Horton et al. (2014) utilized the
same methodology by Church (2013); they provided a probabilistic assessment related to
sea level rise.

Figure 19. Data-base Variable Characterization
Variable

Definition

Type of evidence

Physical data

Sea level rise

Variable

Relative sea level rise computed from
long term observations from tidal-gauge
observations, alongshore between
stations and satellite measurements
calculating sea level from center of the
earth.

Definition

Data type

[1,2] Spatio Temporal

Expert beliefs

[1] Longitudinal

Data type
[1] Point

Physical data
Geo-politics

Policies and politics generally regarding
international relations influenced by
geographical factors

Evidence
Data extension
Time-period

[1] spatial data, [3]
[1] U.S. Geological
[1] U. S Atlantic
spatio-temporal, [4] Survey, [3] NASA, [4] Ocean coast line, [3]
spatio-temporal, [6] different sources, [6] Global, [4] global, [6]
US. States
Point, spatio-temporal
NOAA

Model predictions

Type of evidence

Data source

[2] Longitudinal

[1] NOAA [2] IPPC

[1] USA [2] Global

[1] Global

Data source

[1] 2011, [3] 1870 present, [4] 1993 2003 [6] 2015 present

Link
[1]
https://pubs.usgs.gov/
ds/601/ProbSLC_Atla
nticData.html , [3]
https://climate.nasa.g
[3] satellite, tidal
ov/vital-signs/seagauge, [4] tidal
level/, [6]
gauge, [6] tidal gauge https://coast.noaa.gov
/arcgis/rest/services/d
c_slr/ [7]
https://oceanografia.s
emar.gob.mx/estacion
es.html

References
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[2] (CarbajalDominguez, 2011), [3]
NASA, [4]
(Meyssignac, Becker,
Llovel, & Cazenave,
2012), [5] (Beckley,
Callahan, Hancock III,
Mitchum, & Ray,
2017), [6] (NOAA), [7]
SEMAR

[1,2] 1950 -2100

[1,2] Probabilistic

[1] (Sweet et al.,
2017) [2] (Church,
2013)

[1] 2000 - 2300

[1] Probabilistic

[1] (Horton,
Rahmstorf, Engelhart,
& Kemp, 2014)

Evidence
Data extension
Time-period

[1] IBERMAR network
[2] Board of
[1] Mexico [2] Global
Governors of the
Federal Reserve
System

Methods

[2] 1985 – 2018

Methods

[1] Decalog
Methodology [2]
Historical Indexing

Link

References
[1] (Spejel-Carbajal et
al., 2020), [2]
(Caldara & Matteo,
2018),

Model predictions
Expert beliefs

[1] Global

[1] (Wade & Lauro,
2019)

1985 - 2018
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4.1 N2N-GoM Supporting Staff
As part of the N2N-GoM development, one member was hired as support staff. The
member staff has helped to expedite coordination and information sharing among the
Steering committee, working groups and new/potential members on the N2N-GoM. The
support staff has help with these items:
4.2.1. Lead coordination of the implementation ‘the four commitments from N2N-GoM
Yucatan Workshop.
4.2.2. Coordination and technical support on the 27 (March 27, 2020 – November 30th,
2020) Steering committee meetings scheduled weekly on Fridays from 9:00 – 10: 00 am.
4.2.3. Coordination and technical support on the two N2N-GoM Workshops including
Members’ contact information data-base construction
4.2.3. Updates on the N2N-GoM website.
5. Publications: Two papers (one abstract and one manuscript) were produced following the
N2N-GoM Merida workshop. The abstract titled: Using Action Learning Model for
International Network-to-Network Collaborations was accepted for presentation at the
2020 International Network for the Science of Team Science Conference. The manuscript
titled: Learning Organization as a Framework for Networks’ Collaboration and Knowledge
Sharing was accepted with revisions to the Learning Organization Journal.
Two additional manuscripts are in development. Paper 1: N2N-GoM Merida Workshop:
Identification and Prioritization of Risk-Based Decision-Making Factors – (target submission
January, 2021) and Paper 2: N2N-GoM Risk-Based Decision-Making Framework for the
Development of a Decadal Research and Development Agenda for the Gulf of Mexico
targeted submission (March, 2021). The journal, description, impact factor and Link for
those journals being considered for submission are presented below.
Paper 1
Journal name

Description

Climate Risk
Management

Climate Risk Management
publishes original scientific
contributions, state-of-the-art
reviews and reports of practical
experience on the use of
knowledge and information
regarding the consequences of
climate variability and climate
change in decision and policy
making on climate change
responses from the near- to longterm.

Impact
Factor
4.904

Link
https://www.journals.els
evier.com/climate-riskmanagement

18

Climatic Change

Climatic Change is dedicated to
the totality of the problem of
climatic variability and change - its
descriptions, causes, implications
and interactions among these. The
purpose of the journal is to provide
a means of exchange among those
working in different disciplines on
problems related to climatic
variations.

4.134

https://www.springer.co
m/journal/10584

Journal name

Description

Link

Nature Climate
Change

Understanding the Earth's
changing climate, and its
consequences, is a scientific
challenge of enormous importance
to society. Nature Climate Change
is a monthly journal dedicated to
publishing the most significant and
cutting-edge research on the
nature, underlying causes or
impacts of global climate change
and its implications for the
economy, policy and the world at
large.
Global Environmental Change is a
peer-reviewed international journal
publishing high quality,
theoretically and empirically
rigorous articles, which advance
knowledge about the human and
policy dimensions of global
environmental change. The journal
interprets global environmental
change to mean the outcome of
processes that are manifest in
localities, but with consequences at
multiple spatial, temporal and
socio-political scales.

Impact
Factor
21.722

10.466

https://www.journals.els
evier.com/globalenvironmental-change

Paper 2:

Global
Environmental
Climate Change

https://www.nature.com/
nclimate/
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