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Colorado River Basin Actionable and Strategic Integrated
Science and Technology (ASIST) Pilot Project Progress
Toward an Information Management and Technology Plan

By Eric D. Anderson, Jennifer R. Erxleben, Sharon L. Qi, Adrian P. Monroe, and Katharine G. Dahm

Executive Summary

The U.S. Geological Survey carries out a wide variety
of multidisciplinary science projects through the Bureau’s
regions, mission areas, programs, and science centers.
However, this structure can limit interactions among
individual scientists, segregate data holdings, and make
it difficult to apply holistic, interdisciplinary science. In
addition, technological advances in sensors, data storage
and analysis, computing power, and networking have
resulted in an exponential growth in the volume, variety, and
complexity of data. To address some of these challenges, the
U.S. Geological Survey initiated the Colorado River Basin
Actionable and Strategic Integrated Science and Technology
(ASIST) pilot project to facilitate interdisciplinary science in
the drought-stricken basin and apply information management
and technology (IMT) resources that can be used to deliver
actionable science efficiently and effectively.

In fiscal year 2021, the Data Management and Advanced
Technology subgroup of the ASIST pilot project worked
toward developing an IMT plan that includes several advanced
IMT solutions that are being implemented Bureau-wide by the
Office of the Associate Chief Information Officer. This plan
identifies applications, opportunities, and steps to leverage
new and existing technologies, data, models, and knowledge to
support integrated science projects across the Colorado River
Basin. The subgroup also created an inventory of available
IMT resources and their locations. The Colorado River Basin
ASIST pilot project also developed a multiyear approach to
build capacity for supporting integrated science projects in
the Colorado River Basin, which provides an advanced IMT
framework for expediting the production of interdisciplinary
science related to the basin.

Introduction

The demand for data, scientific information, and predic-
tions of how the Earth system will respond to natural and
human-induced climate change has increased to the point
where it is challenging to effectively and efficiently use the
large number of U.S. Geological Survey (USGS) and other
studies, data repositories, and collective knowledge available
in the Colorado River Basin. Technological advances in
sensors, data storage and analysis, computing power, and net-
working have resulted in an exponential growth in the volume,
variety, and complexity of data. The dataset size, analysis
complexity, number of data sources, and timely processing
of data all contribute to the evolving demands on advancing
technology for ingesting, processing, analyzing, and visual-
izing large, complex datasets (Gorton and Gracio, 2012). A
comprehensive integration of techniques and technological
advances can effectively harness the vast amount of data being
generated and substantially accelerate scientific progress
to address some of the world's most challenging problems
(Critchlow and van Dam, 2017).

Implementation of technologies to meet the demands
of today and the future demands for data-intensive science
is a core part of the USGS mission (U.S. Geological Survey,
2021). In a 2017 workshop, USGS leaders described four
overarching grand challenges to advance and integrate Earth
science across USGS disciplines to address complex society
problems (Jenni and others, 2017). Workshop participants
identified Earth Monitoring, Analyses, and Projections
(EarthMAP) as a long-term vision to integrate the portfolio of
USGS science in a modular framework. In 2020, USGS began
advancing the implementation of EarthMAP in the Colorado
River Basin. The Colorado River Basin was selected because
it is experiencing its worst drought since records began in
the early 1900s (Lukas and Payton, 2020) and the ongoing
threat of drought to the area’s biosecurity, natural resource
conditions, and societal well-being. In response, the Colorado
River Basin Actionable and Strategic Integrated Science and
Technology (ASIST) pilot project was tasked with develop-
ing and implementing a basin-wide EarthMAP framework for
scientific research and delivery of actionable science-based
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information to stakeholders. Similarly, in a 2021-7 infor-

mal strategy document, the USGS Office of the Associate
Chief Information Officer (ACIO) outlined strategic goals

to enable the USGS to meet 2 1st-century science needs (P.
Exeter, U.S. Geological Survey, oral commun., 2022). Some
of these needs include creating a Bureau-wide information
management and technology (IMT) enterprise architecture,
continuing to develop cloud technologies, expanding sensor
networks, enabling new enterprise data-management capabili-
ties, leveraging high performance computing (HPC) environ-
ments, and continuing to advance analytics and modeling
tools and capabilities such as artificial intelligence (AI) and
machine learning (ML). Data acquisition and management are
important aspects for interpreting integrated Earth systems,
and therefore, management and analysis of all pertinent data
will be essential for the USGS to successfully accomplish its
mission in the future. To this end, advanced IMT capabilities,
which include the Internet of Things (IoT), HPC, cloud com-
puting, Al, and ML, will be needed to manage Earth-system
challenges (U.S. Geological Survey, 2021). These capabilities
exist in the USGS, but their availability, interconnectivity, and
management may not be apparent to all USGS scientists.

The Data Management and Advanced Technology sub-
group of the ASIST pilot project is working toward a better
understanding of the complexities associated with USGS data
collected in the Colorado River Basin. The vast amount of
past and ongoing USGS science in the Colorado River Basin
is demonstrated with more than 840 publications, 575 data
releases, and 330 project webpages that consider some aspect
of science in the basin as of late 2021. To further complicate
matters, these publications (and related models), datasets, and
webpages are cataloged and available in multiple, unrelated
locations, across numerous internal systems, data repositories,
and local offices. This lack of interconnected availability
limits the ability to efficiently access, synthesize, and interpret
scientific resources. Drought-related data from the Colorado
River Basin are diverse, including discrete, continuous, aerial,
remote sensing, geophysical, geospatial, and other types
of data in varied formats collected over multiple temporal
and spatial scales. The Data Management and Advanced
Technology subgroup is developing an IMT plan that includes
several advanced IMT capabilities that are being implemented
Bureau-wide by the ACIO. This document provides a review
of the subgroups first-year activities with associated products
and suggests a prospectus for continuing work. The document
identifies applications, opportunities, and steps to leverage
new and existing technologies, data, models, and knowledge
to support integrated science projects across the Colorado
River Basin.

Activity Highlights and Lessons
Learned in Fiscal Year 2021

The Data Management and Advanced Technology sub-
group researched technologies and data management practices
that are being used in the USGS. This effort included infor-
mal meetings with USGS program and project leaders with
discussions focused on innovative technology efforts that are
improving science workflows. An early discussion with the
ACIO provided context for the future direction of enterprise
IMT. In addition, discussions with ACIO focused on cloud-
based technologies available in the USGS Cloud Hosting
Solutions (CHS) environment. Workers in the Core Science
Systems (CSS) Science Analytics and Synthesis (SAS) group
led discussions about data and model catalogs, analysis-ready
data, and advanced research computing. Leaders at the USGS
Earth Resources Observation and Science (EROS) Center
provided insight into their state-of-the-art data-management
system and how analysis-ready data have transformed the
efficiency of delivering science results to stakeholders. In
addition, examples of big data analytics and ML were pre-
sented to the subgroup and provided an applied approach to
leveraging the vast amount of data collected by the USGS. In
the end, a broad array of advanced technology and state-of-
the-art science being utilized in the USGS were discussed and
provided the foundation for moving the IMT plan forward.

Inventory of USGS Enterprise IMT Resources

The USGS gained access to many new data-intensive
technologies and related resources in the past decade.
However, for the typical USGS scientist, accessing such
resources is not intuitive because they are spread across differ-
ent locations, managed by different groups, and connected in
different ways. To address these issues, the Data Management
and Advanced Technology subgroup worked with the ACIO
and CSS to review and document available enterprise IMT
resources in the USGS with application to science in the
Colorado River Basin. This inventory was initially compiled
in a spreadsheet, and the concept eventually evolved into a
more user-friendly diagram that illustrates how the differ-
ent resources relate to one another (fig. 1). The resources are
grouped into generalized IMT service categories, and the
diagram identifies the “information technology ecosystem”
where the resources reside (for example, cloud, hybrid, or
on premises). In addition, the diagram places these resources
into the USGS Science Data Lifecycle Model that describes
the stages of data management and how data flow through
a research project (Faundeen and others, 2013). Additional
details about the IMT resources identified in figure 1 can be
found in appendix 1.
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Figure 1.

Diagram identifying science-centric enterprise information management and technology (IMT) resources for the Colorado

River Basin Actionable and Strategic Integrated Science and Technology (ASIST) pilot project.

Exploration of Data Management and Principles

Exponential growth in the volume, variety, and complex-
ity of data highlights the need to consider data-management
strategies. As such, data-management plans are now required
by USGS policy (Fundamental Science Practices Section
502.6: Scientific Data Management Office of Science Quality
and Integrity; November 10, 2021, at https://www.usgs.gov/
survey-manual/5026-fundamental-science-practices-scientific-
data-management). The Fundamental Science Practices
provide brief descriptions and resources for generating
data-management plans, which include reference to a USGS
Data Management Plan website (https://www.usgs.gov/
data-management). Data management plans can be struc-
tured according to the USGS Science Data Lifecycle Model,
which describes the stages of data management and how data
flow through a research project from conception through
preservation and sharing (Faundeen and others, 2013). The

USGS Data Management Plan website provides USGS
data-management plan templates and external tools to help
establish a data-management plan. The Data Management and
Advanced Technology subgroup recommends that a data-
management plan be established for all data generated during
the project.

USGS data-management practices are guided by the
Findability, Accessibility, Interoperability, and Reusability
(FAIR) principles that serve to guide data producers and
publishers in maximizing the added value gained by formal,
scholarly digital publishing of data and algorithms, tools, and
workflows that were used to produce data (Wilkinson and
others, 2016; Lightsom and others, 2022). A major challenge
identified during this assessment is a lack of knowledge on
how and where to find selected types of data and models. In
addition, differences in the formats and locations of USGS
data limit their interoperability and reusability. Specifically,
the time, location, and purpose of the data collection affect
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whether they are stored in enterprise or local systems. The
Data Management and Advanced Technology subgroup
recommends that future discussions be held regarding how
various data repositories supported by the Bureau can be more
unified and governed by the FAIR principles, as outlined by
Lightsom and others (2022).

The USGS provides data to stakeholders through several
mechanisms, and the particular delivery portal used may
depend on data type, science discipline, or region in which
the data were collected. The Data Management and Advanced
Technology subgroup had discussions with USGS managers
and database developers regarding several portals to learn
more about their uses. ScienceBase was developed by the
USGS to enhance and expand information sharing and sound
data-management practices. ScienceBase is a USGS trusted
digital repository and provides access to aggregated infor-
mation derived from many data and information domains.
Key elements of ScienceBase include the following: (1) data
cataloging and collaborative data-management platform,

(2) central search and discovery application, (3) web services
facilitating other applications, and (4) research community
catalogs. The USGS Science Data Catalog integrates with

the USGS Thesaurus, which allows users to browse for data
using topics identified in the thesaurus. The Science Data
Catalog is yet another location to find data and information
produced by the USGS. The Science Data Catalog is a search
and discovery tool that allows for metadata retrieval, visu-
alization, download, and linkages to data repositories. The
Science Data Catalog helps the USGS meet open data report-
ing required by the White House, offers a single source for

the USGS to serve metadata to https://www.doi.gov/data and
data.gov, and serves as a member node to the National Science
Foundation-sponsored Data Observation Network for Earth, or
DataONE, project.

Analysis-ready data are preprocessed in a format that
facilitates further analysis. Analysis-ready data, therefore, can
increase the speed of returning scientific results to stakeholders
and decision makers. The USGS has recognized the impor-
tance of analysis-ready data, and substantial work was done
to make the Landsat data archive analysis-ready. This allows
users to quickly produce Landsat-based maps of land cover
and change, and other derived geophysical and biophysical
products (Dwyer and others, 2018). The Data Management and
Advanced Technology subgroup recognizes the importance of
analysis-ready data and recommends providing analysis-ready
data in all cases to support integrated applications.

The increase in computing power has also led to
an increase in data modeling. The USGS Model Catalog
(https://data.usgs.gov/modelcatalog/) is led by the Core
Science Systems Mission Area, Science Analytics and
Synthesis Program, and Science Data Management Branch.
The USGS Model Catalog includes models, tools, frame-
works, and testbeds developed by the USGS or developed
externally and used in USGS research. This catalog can
increase awareness and facilitate model discovery, encourage

reproducibility of science, and promote benefits of good model
documentation. Compilation of the Model Catalog is ongo-
ing, and at the time of writing, the Model Catalog focused on
process-based scientific models rather than statistical, ML,
or conceptual models. Entries for each model contain docu-
mentation recommended by the Open Modeling Foundation
(https://www.openmodelingfoundation.org/standards/
documentation/), including model version, related links,
open-source license, and programming language.

Big data analytics and ML are applications that highlight
the importance of data management, which were discussed
by the subgroup and USGS scientists working in these fields.
The artificial intelligence for environment and sustainability
(ARIES) is an integrated modeling technology that is under-
lain by Al designed to help computers understand the data they
are evaluating (found at https://aries.integratedmodelling.org/).
The platform has been in development since 2007 by an inter-
national group of scientists. The system uses rules to guide
the reasoning process and is highly dependent on semantics
(consistent application of terminology) to give rigorous and
logically consistent definitions. The Basin Characterization
Model, an example of USGS big-data analytics, uses histori-
cal climate data, such as snow cover, snow water equivalent,
evapotranspiration, soil moisture, and streamflow, to predict
future water balances under differing climate and land-cover
scenarios (Flint and others, 2013; Flint and others, 2021). The
modeling outputs can be semantically described and used to
inform other models, such as aquatic and terrestrial ecological
models and reservoir management models, in Al applications
like ARIES.

Advanced IMT and the Short-Term Colorado
River Basin Projects

The ASIST pilot project selected 15 collaborative projects
focused on drought to demonstrate their utility to help imple-
ment the EarthMAP concept for future science activities in the
Colorado River Basin in 2020 (table 1). These projects had
short-term deliverables that could be completed in fiscal year
2021 with support from the pilot project. The projects were
further reviewed for their proposed and potential applications
of advanced IMT to support and facilitate integrated science
and deliver actionable information. For a select group of
projects, the ACIO provided additional support and coordi-
nation to connect the projects with information technology
(IT) specialists to discuss and provide recommendations for
needed IT capabilities and expertise. Several projects proposed
using advanced IMT resources, such as HPC, Al, and ML,
and analysis and visualization tools, or planned to use these
resources in future phases of the projects. Full short-term proj-
ect descriptions are available in the ASIST science strategy
(Dahm and others, 2023).
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Table 1. List of Colorado River Basin integrated science pilot short-term use-case projects funded in fiscal year 2021 (Dahm and
others, 2023).

[PL, principal investigator; SBSC, Southwest Biological Science Center; AIFS, Advanced Integrated Fire Science; GECSC, Geosciences and Environmental
Change Science Center; UTWSC, Utah Water Science Center; CAWSC, California Water Science Center; COWSC, Colorado Water Science Center; CERSC,
Central Energy Resources Science Center; EMMA, Energy and Minerals Mission Area; SPARROW, SPAtially Referenced Regressions On Watershed
Attributes; NVWSC, Nevada Water Science Center]

USGS Mission Area

Number Project title Lead PI :
collaboration

1 A Drought Data Explorer for the Colorado River Basin: Kathryn Thomas (SBSC) Ecosystems, Core
Integrated and Dynamic Web-Based Delivery of Actionable Science Systems,
Information Water

2 Advanced Integrated Fire Science (AIFS) to Enhance Prediction Paul Steblein (Wildfire), Todd Ecosystems, Water,
of Postfire Hazards, Risk Assessments, and Decision Making Hawbaker (GECSC), Rachel Core Science

Loehman (Alaska Science Center), Systems
Adam Wells (SBSC)

3 Assimilating Complex Biogeochemical Dust Measurements Annie Putman, Molly Blakowski, Ecosystems, Water,
Supports Community Standardization, Collaboration, and Dan Jones (UTWSC) Core Science
Environmental Health Research Systems, Energy

and Minerals

4 Basin Characterization Model: Development and Preliminary Joe Hevesi, Michelle Stern, Lorraine  Ecosystems, Water,
Application for the Colorado River Basin Flint, Alan Flint (CAWSC) Core Science

Systems

5 Effects of the East Troublesome Fire on Water Quality in Rocky Dave Clow (COWSC) Water, Ecosystems
Mountain National Park

6 Energy Resource Development Potential and TradeofTs, to Seth Haines (CERSC), Darius Energy and Minerals,
Support Integrated Analysis for “All of the Above” Energy Semmens, Jay Diffendorfer Ecosystems
Strategies (GECSCQ), Karen Jenni (EMMA)

7 Evaluating the Impacts of Climate Change, Drought, and Olivia Miller (UTWSC) Water, Ecosystems
Irrigated Agriculture in the Colorado River Basin Using
SPARROW

8 Evaluating the Effect of Stream Flow on Temperature in the Katherine Earp (NVWSC) Water, Ecosystems
Lower Virgin River, Near Mesquite, Nevada

9 Smart Energy Development Mike Duniway (SBSC) Ecosystems, Energy

and Minerals

10 Forecasting Responses of Federally Listed Fishes in the Charles Yakulic (SBSC) Ecosystems, Water
Colorado River Basin to Water Storage Decisions

11 Postfire Tree Regeneration in Dry Forests: The Impact of John Bradford, Sasha Reed (SBSC)  Ecosystems, Core
Climate Change and Restoration Science Systems

12 Predicting Water Quality and Environmental Health in Rivers of Rebecca Frus (NVWSC) Water, Ecosystems
the Colorado River Basin Affected by Wildfire

13 Rapid Assessment of Postfire Emergency Stabilization and Mike Duniway, Travis Nauman, Ecosystems, Core
Rehabilitation Effectiveness Brandon McNellis (SBSC) Science Systems

14 Rocky Mountain Snow Cover: Developing a Landsat-Derived ~ David Selkowitz (NVWSC), Graham Ecosystems, Water,
Winter Forest Canopy Layer to Improve Remote Sensing Sexstone (COWSC) Core Science
and Modeling of Snow Cover in the Rocky Mountains of Systems
Colorado

15 StreamStats for Nevada Rose Medina, Justin Mayers, Geoff Water, Core Science

Moret, Christopher Morris, Nancy Systems
Damar, Meg Hederman (NVWSC)
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Science and Technology Collaboration
Meetings

In the summer of 2021, the ASIST pilot project orga-
nized 12 collaboration meetings that brought together inter-
ested USGS staff with diverse perspectives to discuss science
and technology challenges, existing capabilities, example
applications, knowledge gaps, and actions. The goals of the
meetings were to (1) provide opportunities to meet with oth-
ers working on similar topics in different science centers or
programs; (2) identify science and technology applications in
the Colorado River Basin, stakeholder science and technology
needs, existing USGS expertise and capabilities, and knowl-
edge gaps; and (3) discuss science integration and technology
implementation strategies to address knowledge gaps and
actions to support implementation of new approaches for the
USGS. In nearly all meetings, advanced IMT capabilities
were mentioned, highlighting the importance of integrating
technologies into future project workflows. The collaboration
meetings that specifically focused on advanced IMT included
the following topics:

» Application of innovative data collection technologies
and integrated, multiscale observation networks.

» Al, ML, cloud computing, and high-performance com-
puting applications.

» Applications of data and information visualization.

Building EarthMAP Capacity and the
Analysis-Ready Data/Dremio Working Group

The Building EarthMAP Capacity project was initiated in
July 2020 to support EarthMAP projects and perform a rapid
assessment of cyberinfrastructure and integrated modeling
capabilities in the USGS. The Building EarthMAP Capacity
team established eight working groups to evaluate and provide
recommendations for the following thematic areas: analysis-
ready data and data lake; analysis and visualization; commu-
nities of practice and partnerships; infrastructure as code and
development and operations; advanced scientific computing;
large data transfer, network, and storage capacity; Model
Catalog; and computational testbeds. Identified gaps and rec-
ommendations were summarized in an internal USGS report
released in November 2020.

In June 2021, members of the ASIST pilot project,
ACIO, and CSS established a working group to build on the
Building EarthMAP Capacity “analysis-ready data and data
lake” recommendations and demonstrate workflows to connect
science across disciplines and systems and improve the service
of analysis-ready data for direct consumption. Specifically,
this project’s participants plan to design, test, and implement
a workflow for accessing scientific data held in USGS data
repositories (for example, ScienceBase) using the CHS data
hub service, Dremio, for analysis and synthesis, with submittal

back to the repository for release. Dremio is a Structured
Query Language, or SQL, lakehouse platform that leverages
existing data repository structure and reduces data complexi-
ties and accelerates querying of tabular data to deliver fast and
efficient results to end users. A project product will be a data
governance strategy to support this data workflow scenario.

Lessons Learned

The USGS initiated the ASIST pilot project to accel-
erate interdisciplinary science carried out in the Colorado
River Basin and apply advanced IMT solutions. The pilot
project team was tasked with developing integrated predictive
capabilities for decision making through advanced technology.
Historically, the USGS developed data workflows within indi-
vidual disciplines; however, 21st-century predictive science
requires tools and technologies that span multiple disciplines
and support science projects led by staff across the entire
Bureau. The work during the first year of the ASIST pilot
project focused on identifying IMT resources; documenting
monitoring, analysis, and prediction capacities; and hosting
scientific collaboration meetings. The lessons learned through
those first-year activities helped focus and define future
efforts. The lessons learned from the Data Management and
Advanced Technology subgroup include the following:

 There is no easy way to quickly understand the breadth
of existing USGS IMT and data capabilities—such
understanding requires data calls because published
data libraries are scattered, internal data libraries
are not cataloged, and real-time data capabilities are
challenged.

» There is no easy way to compile existing USGS staff
capabilities.

 There is no easy way to understand existing (ongoing
and nonactive) USGS research projects in a particular
geographic setting that spans multiple USGS regions
and science centers.

« It is important to take into account the following
structures and systems:

* Analysis-ready data.

* Advanced IMT capabilities like scalability, ability
to share data and tools, and adherence to security
policies.

» Data and model repositories and their
interconnection.

» Data-management best practices.

* Organizational and communication challenges that
hinder needed implementation of advanced IMT
resources.
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ASIST Data Management and
Advanced Technology Working Group
Action Plan for Fiscal Years 2022—26

Building upon fiscal year 2021 activities and lessons
learned, the Data Management and Advanced Technology sub-
group of the ASIST pilot project outlined a multiyear approach
to build capacity for supporting integrated science projects in
the Colorado River Basin from 2022 to 2026 (table 2). Future
activities of the subgroup will focus on building support to
implement IMT at multiple scales with consistent interoper-
able solutions for the community of scientists working on
integrated science efforts in the basin. Based on the assessment

performed in 2021, short-term activities will focus on initiat-
ing the implementation of advanced IMT solutions to improve
collaborations and connections among scientists, stakeholders,
and partners who have a need for integrated science solu-
tions. Long-term activities will further develop and integrate
technologies and provide documentation and support for
leveraging the advanced IMT solutions. Such an advanced
IMT framework is needed for science in the Colorado

River Basin through which USGS projects, programs, and
platforms can interact and reside independently to provide
maximum flexibility and autonomy for individual projects
while streamlining connections and improving collaboration.
Implementation of IMT resources in a usable framework

for the Colorado River Basin is expected to reduce the cost,
improve efficiency, and expedite delivery of science.

Table 2. Multiyear approach to build capacity for supporting integrated science projects in the Colorado River Basin from 2022 to 2026.

[FY22, fiscal year 2022; IMT, information management and technology; SQL, Structured Query Language; USGS, U.S. Geological Survey; IoT, Internet of
Things; AI/ML, artificial intelligence and machine learning; HPC, high performance computing]

Short-term activities (2022)

Develop a data-management best practices document to guide integrated science projects based on FY22 proposals and other projects in the

basin.

Continue science collaboration meetings to improve understanding of the IMT needs for science in the basin.

Use the SQL lakehouse platform, Dremio, to connect, test, and optimize identified datasets; connect and demonstrate data movement be-
tween ScienceBase and Dremio; establish workflows for existing and new data; and test and establish connections to other analytical and

visualization tools such as Tableau.

Create knowledge graphs to document internal and external connections for integrated science projects in the basin.

Work with stakeholders and the USGS Semantic Web Working Group to document improvements to interoperability and reusability of mod-

els and data characterized using a semantic-based approach.

Long-term activities (2023-26)

Identify processes for streamlined and automated acquisition of data and models from USGS trusted repositories and external partners.

Develop efficient workflows specific to science projects to address computational, storage, analytical, and visualization needs.

Apply technology, such as AI/ML, to improve access to USGS and partner monitoring and observation systems.

Monitor progress toward improving network security, policies, and capacities.

Work with science-support organizations to quantify improved efficiency of the data hub, USGS-partner workflows, and other process

improvements.

Finalize a roadmap to use the full spectrum of USGS IMT resources available to support integrated science.

Leverage loT/edge computing, AI/ML, HPC, and other new technologies where applicable.

Continue aligning with communities of practice for technical support and workforce training.

Document best practices for publishing and sharing integrated products, leveraging visualization technologies to present outcomes from
multiple disciplines, and delivering actionable science to stakeholders.
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Appendix1. Advanced IMT Resources

about the identified information management and technology
resources, organized alphabetically by service category

and listing the resources, the infrastructure type, and

the responsible U.S. Geological Society program.

The U.S. Geological Society has access to many
data-intensive technologies and related resources. However,
understanding the available resources and what they provide
can be difficult. Table 1.1 summarizes additional details

Table 1.1. Summary of advanced information management and technology resources.

[AI/ML, artificial intelligence and machine learning; CHS, Cloud Hosting Solutions; AWS, Amazon Web Services; ACIO, Associate Chief Information
Officer; USGS, U.S. Geological Survey; CSS, Core Science Systems; SAS, Science Analytics and Synthesis; ARC, Advanced Research Computing; HPC,
high performance computing; GPU, general processing unit; CUDA, compute unified device architecture; SDM, science data management; SDC, Science Data
Catalog; OMB, Office of Management and Budget; SQL, Structured Query Language; NoSQL, nonrelational databases; GIS, geographic information systems;
AGOL, ArcGIS Online; Esri, Environmental Systems Research Institute; CPU, central processing unit; RAM, random access memory; TB, terabyte; 3D, three
dimensional; EROS, Earth Resources Observation and Science; IaaS, Infrastructure-as-a-Service; PaaS, Platform-as-a-Service; SaaS, Software-as-a-Service;
IT, information technology; IoT, Internet of Things; ~, about; PB, petabyte; S3, simple storage service; NatWeb, National Web Server System; LAMP, Linux
Apache MySQL PHP; ARIES; artificial intelligence for environmental and sustainability]

Service category  Service/resource

Infrastructure

Responsible

Service description

type program
AI/ML Amazon A/ML  CHS AWS ACIO/CHS Amazon AI/ML services enable users to build, train, and deploy
services Cloud ML models; perform intelligent search; analyze images and
videos; and build bots and virtual agents. CHS also provides a
consulting service for USGS AI/ML projects.
AI/ML Tallgrass On premises CSS/SAS/ARC The Tallgrass HPC is built for large-scale analytics, AI/ML, and has
built-in software frameworks such as Tensorflow, Keras, and Py-
Torch. It also offers deep learning GPU nodes with both CUDA
and Tensor cores for training deep neural networks.
Analysis and Pangeo CHS AWS ACIO/CHS The Pangeo Framework is a flexible open-source framework for
visualization Framework Cloud scalable, data-proximate scientific analysis and visualization. It
is hosted in JupyterHub and incorporates open-source software
packages such as Dask, Xarray, and Pandas.
Analysis and Posit Team CHS AWS ACIO/CHS Posit Team provides a bundled set of products that simplify the
visualization Cloud support of R-based development environments, Python-based
development environments, and data sharing by providing an
enterprise platform. This platform includes three packages: Posit
Connect, Posit Package Manager, and Posit Workbench.
Analysis and Tableau CHS AWS ACIO/CHS Tableau is a centrally hosted, flexible data visualization tool that
visualization Cloud enables users to create dashboard-style visualizations for data
analytics and dissemination.
Catalog USGS SDC CHS AWS CSS/SAS/SDM The USGS SDC aggregates all metadata records describing USGS
Cloud data with links to the repository that serves the data. The SDC
serves as both the OMB-required public index to USGS open
data, as well as the designated source of USGS metadata that are
passed to the Interior Data Catalog and data.gov.
Catalog USGS Model CHS AWS CSS/SAS/SDM The USGS Model Catalog provides a central access point to USGS
Catalog Cloud models, enabling researchers to find appropriate models for reuse
in science.
Data hub Dremio CHS AWS ACIO/CHS Dremio is an SQL lakehouse platform that enables users to find,
Cloud query, manage and share big data via a central platform. Dremio

delivers fast data-querying speeds and a self-service semantic
layer operating directly against the user’s data lake storage.
Dremio can connect to almost any data source and has many
built-in and community-developed connectors that provide the
ability to connect to NoSQL and relational databases, Hadoop,
local filesystems, and cloud storage.
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Table 1.1.

Summary of advanced information management and technology resources.—Continued

[AI/ML, artificial intelligence and machine learning; CHS, Cloud Hosting Solutions; AWS, Amazon Web Services; ACIO, Associate Chief Information
Officer; USGS, U.S. Geological Survey; CSS, Core Science Systems; SAS, Science Analytics and Synthesis; ARC, Advanced Research Computing; HPC,
high performance computing; GPU, general processing unit; CUDA, compute unified device architecture; SDM, science data management; SDC, Science Data
Catalog; OMB, Office of Management and Budget; SQL, Structured Query Language; NoSQL, nonrelational databases; GIS, geographic information systems;
AGOL, ArcGIS Online; Esri, Environmental Systems Research Institute; CPU, central processing unit; RAM, random access memory; TB, terabyte; 3D, three
dimensional; EROS, Earth Resources Observation and Science; IaaS, Infrastructure-as-a-Service; PaaS, Platform-as-a-Service; SaaS, Software-as-a-Service;
IT, information technology; IoT, Internet of Things; ~, about; PB, petabyte; S3, simple storage service; NatWeb, National Web Server System; LAMP, Linux
Apache MySQL PHP; ARIES; artificial intelligence for environmental and sustainability]

Service category

Service/resource

Infrastructure

Responsible

Service description

Custom
Environment

GIS

HPC

HPC

HPC

TaaS, PaaS, and
SaaS

Large data transfer

Sensor processing/
IoT

Storage

Storage

Trusted digital
repository

Website hosting

AWS Account

AGOL

Denali

Yeti

Rescale

EROS

Globus

Cloud Sensor
Processing
Framework

Caldera

Amazon S3

USGS Science-
Base

NatWeb

type
CHS AWS
Cloud

SaaS

On premises

On premises

SaaS

On premises

Hybrid

CHS AWS
Cloud

On premises

CHS AWS
Cloud

Hybrid

CHS AWS
Cloud

program
ACIO/CHS

Esri

CSS/SAS/ARC

CSS/SAS/ARC

ACIO/CHS and
CSS/SAS/ARC

CSS/EROS

ACIO/CHS and
CSS/SAS/ARC

ACIO/CHS

CSS/SAS/ARC

ACIO/CHS

CSS/SAS/SDM

ACIO

A Custom Environment is used to develop and deploy architectural-
ly unique applications using AWS services and supporting tools.
For example, users can build and host web applications; leverage
the compute, database, and storage capabilities of the cloud; or
backup data from on-premises infrastructure.

AGOL is a cloud-based mapping and analysis application that
enables users to build and explore interactive maps.

Denali is the USGS flagship supercomputer with 232 compute
nodes containing 9,280 CPU cores and 44.5 TB RAM connected
over a high-speed ARIES network.

Yeti is USGS's first supercomputer and offers 3,728 CPU cores,
793 TB of high-performance storage as well as GPU, fat
memory, and visualization nodes to provide low latency 3D
graphical capabilities.

Rescale is a cloud-based HPC simulation platform designed for
computationally intensive scientific modeling and simulation,
analytics, and ML workflows.

EROS leverages technology in support of Earth science and
business applications including data management, processing,
virtualization, and complex solutions to visualize and distribute
data. Service offerings include IaaS, PaaS, and SaaS.

Globus provides users with a reliable, secure, and efficient file
transfer management service that makes it easy to move, sync,
and share large files. Data can be efficiently transferred and
shared across IT systems and infrastructure including local,
cloud, and on-premises computing resources.

The Cloud Sensor Processing Framework is a flexible sensor-
processing framework that extends cloud computing capabilities
to existing and future USGS sensor arrays. It utilizes ThingLogix
Foundry, an enterprise [oT serverless cloud platform that orches-
trates the AWS suite of [oT services.

Caldera is a tiered storage system connecting the Tallgrass and
Denali systems and offers ~5 PB of both high-performance
Lustre storage as well as long-term object-based storage.

Amazon S3 is a virtually unlimited (exabyte scale) object storage
service that provides scalability, data availability, security, and
performance. Amazon S3 Glacier and S3 Deep Glacier are the
archival storage classes with different pricing models.

ScienceBase serves as a trusted digital repository, hosting over
4,000 official data releases for the USGS. ScienceBase pro-
vides cloud storage and the ability for scientists to engage with
data capabilities such as Cloud Optimized Geotiffs to advance
research capacity and efficiency.

NatWeb provides a web hosting environment for public and internal
websites with complete user control over content based on a
standardized LAMP development environment in AWS.




Lake Powell. Photograph by Wayne Baldwin,

U.S. Geological Survey.
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