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Abstract
As regionally-relevant high-resolution Earth system data is increasingly relied upon across sci-
entific, policy, and practitioner communities, there is an urgent need for coordinated and fed-
erated infrastructure to store, manage, standardize, and distribute decision-relevant community
data products. Substantial effort is required to ensure that these products, which are often critical
for regional impact assessments and decision-making, are findable, accessible, interoperable, and
reusable. The Earth System Grid Federation US project (ESGF2-US) is addressing this challenge
by expanding its open-source, distributed platform to support the hosting and dissemination of
downscaled Earth system datasets. This expansion includes aligning new downscaled datasets with
developing community standards for metadata and file structure, consistent with existing ESGF
archives. This includes ensuring CF-compliance, applying CMORization where appropriate, and
developing tools to streamline user access. In this paper, we highlight the technical and coordina-
tion work required to bring downscaled data into ESGF2-US and aim to inform the broader Earth
system data user community about the growing availability and utility of these curated resources.

1. Background

As demand for high-resolution Earth system information continues to grow, a wide array of down-
scaled data products, recently coined decision-relevant community data products (DRCDPs), have
emerged to meet the needs of scientists, planners, and policy-makers (Wootten et al 2020, 2023, U.S.
Department of Energy 2024, Ullrich et al 2025). These products translate coarse-resolution global model
or reanalysis output into finer spatial scales and tailored formats more suitable for local or regional
applications. DRCDPs typically include both statistical downscaling (Gutmann et al 2022, Thrasher et al
2024), which applies empirical or machine-learning techniques to adjust historical and projected data
based on observed relationships, and dynamical downscaling (Rahimi et al 2024, Spero et al 2025), which
nests regional models within global simulations to explicitly resolve smaller-scale processes. These down-
scaled products are critical because they provide high-resolution data that captures the full range of
uncertainty in climate projections, thereby enabling more accurate localized impact assessments, guid-
ing resilient infrastructure planning, and supporting informed decision-making across sectors sensitive
to environmental change (Wootten et al 2025). However, despite their growing importance, DRCDPs are
often delivered in inconsistent formats, scattered across disparate servers, and burdened by incomplete or
non-standard metadata. This fragmentation presents a serious barrier to reproducibility, synthesis, and
integration with broader Earth system data workflows.
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Efforts to address these challenges are increasingly grounded in community standards that pro-
mote findability, accessibility, interoperability, and reusability (FAIR principles, Wilkinson et al 2016).
Among these, the climate and forecast (CF) metadata conventions (Eaton et al 2006) provide a gen-
eralized framework for describing CF model data, defining standard representations for coordinates,
time, grids, and physical variables. Building on CF, community-specific conventions, particularly those
developed through successive phases of the Coupled Model Intercomparison Project (CMIP), define
stricter requirements for variable naming, directory structure, global attributes, and controlled vocab-
ularies (Durack et al 2025). The Climate Model Output Rewriter (CMOR) library (Mauzey et al 2025)
supports this by formatting Earth system data to align with these CMIP conventions, enabling consist-
ency and discoverability within Earth System Grid Federation (ESGF). These layered standards are crit-
ical for enabling seamless integration of new datasets into ESGF infrastructure (Massoud et al 2024), and
recent efforts (e.g. Taylor et al 2018, Gleckler et al 2024, Nikulin et al 2024) have codified these conven-
tions via Zenodo-hosted documentation to support reproducibility and community-wide adoption.

The ESGF (Bernholdt et al 2007, Williams et al 2009, Kershaw et al 2020) has long served as the
central infrastructure for distributing Earth system data, supporting international efforts such as CMIP
(Durack et al 2025) and observational data collections including obs4MIPs (Waliser et al 2020) and
CREATE-IP (Potter et al 2018). Building on this foundation, the ESGF–United States (ESGF2-US) pro-
ject aims to extend ESGF’s capabilities to support DRCDPs with the same level of rigor and accessibil-
ity afforded to global Earth system simulations, such as CMIP. This includes ensuring that downscaled
datasets conform to CF and are coordinated with CMIP standards, integrating them into ESGF’s estab-
lished CMIP-style directory structure, and exposing them through familiar tools such as the MetaGrid
web interface and the intake-esgf Python catalog (discussed below). These coordinated efforts enable a
consistent, reliable, and scalable platform for accessing downscaled Earth system data products alongside
established global model and observational datasets.

Well-established protocols exist for projects delivering data via ESGF, including CMIP6 (Taylor et al
2018), obs4MIPs (Gleckler et al 2024), and the Coordinated Regional Climate Downscaling Experiment
(CORDEX; Nikulin et al 2024). There are clear advantages for striving to keep new projects aligned
with existing ESGF-projects as much as possible. The goals of the present effort have many similarities
with CORDEX, but include metadata refinements (e.g. version control of downscaling methods) and
coordination with the community’s preparation for CMIP7. Realizing this vision has required coordin-
ated technical development and community collaboration. ESGF node operators, data curators, software
developers, and DRCDP producers have worked together to define new CMOR tables specific to down-
scaled products, adapt directory hierarchies and metadata conventions, and validate many terabytes of
output before publication. These efforts represent a significant investment not just in infrastructure, but
in standards adoption, tooling, and quality control.

This paper documents that work. Our aim is to inform a broad swath of the Earth system com-
munity, including scientists, data providers, evaluators, and decision-makers, about the new capabilit-
ies for hosting and distributing downscaled data products (DRCDPs) within ESGF2-US, the standards
and tools that enable their integration, and the scope of effort required to make them findable, usable
and interoperable. In doing so, we hope to lower the barrier to future contributions, foster feedback, and
expand access to high-quality downscaled Earth system data.

2. File structure andmetadata standards

The utility and longevity of Earth system data depend not only on its scientific quality but also on how
it is formatted, organized, described and accessible. ESGF2-US builds upon established community prac-
tices to ensure that all hosted datasets, particularly downscaled regional products, are consistent, dis-
coverable, and interoperable with a wide array of tools. This section describes the key structural and
metadata standards used in ESGF2-US: directory and file naming conventions, compliance with the CF
metadata conventions, and formatting using the CMOR tool.

2.1. Directory and file naming conventions
To ensure consistency, traceability, and ease of use, ESGF2-US adopts a standardized directory and file
naming system based on community conventions from CMIP6 (Taylor et al 2018) with modifications
to support the unique requirements of DRCDPs. These conventions facilitate automated data discov-
ery, support reproducibility, and enable scalable workflows across tools and institutions (CESSDA 2021,
Harvard Biomedical DMP 2023).

The directory structure encodes a rich set of metadata attributes about each dataset, organized
hierarchically to support systematic cataloging and access (Taylor et al 2018). As with other Model
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Table 1.Hierarchical structure of ESGF2-US directory paths. Each row lists a metadata field used in dataset organization, along with a
representative example and a brief description. These standardized directory components enable systematic cataloging, discovery, and
access.

Field Example Description

Activity_id DRCDP High-level project or activity name (e.g. DRCDP, CMIP6)
Region_id NAM Geographic region (e.g. NAM= North America)
Institution_id UCSD-SIO Institution producing the downscaled dataset
Source_id LOCA2-1 Downscaling method or technique, including version identifier
Driving_mip_era CMIP6 CMIP generation used as the basis for the driving model (e.g. CMIP6, CMIP5)
Driving_activity_id CMIP Intercomparison project of the driving model (e.g. CMIP, ScenarioMIP)
Driving_experiment_id Historical Driving model experiment (e.g. historical, ssp245)
Driving_source_id ACCESS-CM2 Name of the global model driving the downscaling
Driving_variant_label r1i1p1f1 Realization/ensemble member of the driving model
Frequency Day Temporal resolution of the output (e.g. day, mon)
Variable_id Tasmax Variable short name (e.g. pr, tasmax)
Version v20250216 Dataset version with release timestamp (YYYYMMDD)

Intercomparison Projects (MIPs), this structure follows a data reference syntax (DRS), where each ele-
ment of the directory path corresponds to a defined metadata field (Durack et al 2025). For DRCDPs,
ESGF2-US has adopted a slightly modified path ordering that prioritizes region- and product-specific
metadata earlier in the path, reflecting the needs of regional users and facilitating better discovery.

A generalized template and an example directory are shown below (and explained in table 1):

Directory path template:
<activity_id>/<region_id>/<institution_id>/<source_id>/<driving_mip_era>/<driving_activity_id>
/<driving_experiment_id>/<driving_source_id>/<driving_variant_label>/<frequency>/<variable_id>
/<version>/

Directory path example:
DRCDP/NAM/UCSD-SIO/LOCA2-1/CMIP6/CMIP/historical/ACCESS-CM2/r1i1p1f1/day/tasmax/v20250216/

This revised structure retains compatibility with existing ESGF conventions while improving clar-
ity and grouping for regionally specific downscaled datasets. While the current region_id structure in
ESGF2-US uses simplified geographic identifiers (e.g. ‘NAM’ for North America), we recognize the value
of aligning with established regional frameworks such as CORDEX to enhance consistency and inter-
operability. The ESGF2 team is actively evaluating opportunities to better integrate CORDEX regional
definitions in future releases, while maintaining backward compatibility with existing datasets and work-
flows. The placement of the region_id, institution_id, and source_id earlier in the path ensures better
support for region-centric workflows and cataloging needs, particularly for datasets not associated with
a single driving model or MIP activity. More detailed definitions of each path element are provided in
table 1 and the project’s GitHub repository: https://github.com/PCMDI/DRCDP.

The DRCDP file name format mirrors many of the directory path elements, using a standardized, flat
string that encodes key metadata attributes. While not hierarchical like the directory structure, the file-
name remains both human-readable and machine-parsable, enabling consistent validation, provenance
tracking, and streamlined reprocessing workflows. This naming format is adapted from CMIP6 conven-
tions (Taylor et al 2018) but reordered to better suit regionally downscaled data products. Notably, the
filename prioritizes region, institution, and source information earlier in the string, reflecting the same
DRCDP-centric logic used in the updated directory structure.

A generalized template and an example file name are shown below (and explained in table 2):

Filename template:
<variable_id>_<region_id>_<institution_id>_<source_id>_<driving_mip_era>_
<driving_experiment_id>_<driving_source_id>_<driving_variant_label>_<frequency>_<StartTime>-
<EndTime>.nc

Filename example:

pr_NAM_UCSD-SIO_LOCA2-1_CMIP6_historical_ACCESS-CM2_r1i1p1f1_day_19500102-19500131.nc

More detailed definitions of each filename element are provided in table 2.
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Table 2. Structure of ESGF2-US dataset filenames. Each row details a metadata field encoded in the filename, along with an example
and description. These standardized filename elements support human readability, provenance tracking, and automated processing.

Field Example Description

Variable_id Pr Variable short name (e.g. pr, tasmax)
Region_id NAM Geographic region (e.g. NAM= North America)
Institution_id UCSD-SIO Institution producing the downscaled dataset
Source_id LOCA2-1 Downscaling method or technique, including version identifier
Driving_mip_era CMIP6 CMIP generation used as the basis for the driving model (e.g. CMIP6, CMIP5)
Driving_experiment_id Historical Driving model experiment (e.g. historical, ssp245)
Driving_source_id ACCESS-CM2 Name of the global model driving the downscaling
Driving_variant_label r1i1p1f1 Realization/ensemble member of the driving model
Frequency Day Temporal resolution of the output (e.g. day, mon)

2.2. CF compliance
The CF metadata conventions (Eaton et al 2006) are a community-developed standard for describing
Earth system datasets in NetCDF format. CF-compliant files include rich metadata that describes each
variable’s meaning, units, spatial and temporal coordinates, and encoding, all in a machine-readable, self-
describing, commonly-used format. By adhering to the CF conventions, ESGF2-US ensures that its data-
sets are compatible with popular analysis tools such as xarray or the netCDF Operators. This enhances
usability across diverse scientific workflows and minimizes the need for manual interpretation or pre-
processing. Tools such as the cf-checker, xclim, and xarray’s built-in CF conventions support validation
and interpretation of CF metadata, enabling both data providers and users to maintain data integrity.

While the CF standards are commonly used to provide the foundation for data description, it is
important to note that how these conventions are applied can be application dependent. For instance,
the directory and filenames templates defined for the DRCDP project are not identical to those used
in CMIP6 and earlier versions of CMIP. One reason for this is that there is not always a one-to-one
mapping of the data that needs to be carefully described across projects. However, despite applica-
tion dependent data description, efforts to coordinate metadata across projects facilitates their overall
coordination. CF compliance and project specific application of the conventions improves searchability
within ESGF’s internationally federated system, as metadata fields are exposed to indexing services and
APIs. In this way, the CF conventions serve as a backbone for data interoperability and transparency
across Earth system model and observational datasets.

2.3. CMORization
To assist in the creation of standardized, ESGF-ready NetCDF files, ESGF2-US leverages the CMOR tool
(Mauzey et al 2025). CMOR is a C-based software library that automates the transformation of raw
model or downscaled output into a format that conforms with CF and CMIP or other project conven-
tions. CMOR enforces the use of controlled vocabularies and CMOR tables for variable names, units,
axis definitions, and metadata fields. It also ensures that datasets pass strict validation checks before pub-
lication to the ESGF system. This process, commonly referred to as ‘CMORization’, is critical to main-
taining consistency across a federated, multi-model archive. Recognizing the unique requirements of
downscaled datasets, this effort has extended CMOR to include new tables tailored to DRCDPs (c.f.
https://github.com/PCMDI/DRCDP). These tables incorporate metadata fields specific to statistical and
dynamical downscaling methods, regional grids, and high-resolution formats.

CMORization not only improves dataset integrity and usability but also enables automated ingestion
into ESGF search and access services. Figure 1 illustrates the CMORization workflow demonstrated in
a Jupyter notebook, highlighting the key steps from loading configuration and input data to executing
the CMORization script and confirming the standardized output. The resulting CMORized NetCDF file
is fully CF-compliant and adheres to the DRCDP-specific directory and filename conventions described
above, ensuring it is ready for publication within the ESGF federation. Several demos, including this one,
are available on the DRCDP GitHub repository to assist users in preparing their own DRCDP-compliant
datasets.

In addition to producing CMORized NetCDF files, ESGF2-US is actively exploring approaches to
improve accessibility and performance for large-scale and cloud-based workflows. This includes evalu-
ating chunking strategies during NetCDF generation and investigating the use of Kerchunk to provide
Zarr-like access to existing NetCDF files without data duplication. For ESGF, which hosts petabytes
of existing NetCDF data, Kerchunk provides a way to offer Zarr-like cloud-optimized access without
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Figure 1.Workflow for CMORizing DRCDP data files in a Jupyter notebook. The process begins by loading the user configur-
ation JSON (in this case the LOCA2-1 configuration), followed by opening the input NetCDF dataset using xarray. Next, the
CMORization script is executed to standardize the data to DRCDP/ESGF specifications. Finally, the output directory is con-
firmed. Other examples like this that can be used for processing alternative data products can be found at (https://github.com/
PCMDI/DRCDP/tree/main/DataPreparationExamples/DEMO).

re-encoding or storing multiple copies of the data, making it attractive for scalable analysis while pre-
serving existing file archives. Kerchunk generates lightweight reference descriptions that map the internal
structure of NetCDF or HDF5 files to logical Zarr-compatible datasets, enabling efficient, parallel, and
cloud-native access through tools such as xarray and Dask. Similar approaches have been adopted within
the CMIP6 and ESGF ecosystem, through initiatives such as the ESGF Virtual Aggregation Service
(Cimadevilla et al 2025), which use Kerchunk-style reference files to expose existing CMIP archives as
cloud-optimized, Zarr-accessible datasets. By aligning with these emerging community standards, ESGF2-
US ensures interoperability with CMIP workflows while supporting scalable, high-performance analytics
and machine-learning applications.

3. Data hosting on ESGF2-US

The ESGF2-US project has published the first DRCDPs within the ESGF infrastructure, a key milestone
in making downscaled, decision-relevant data broadly accessible alongside global model and observa-
tional datasets. Two flagship DRCDPs, LOCA2-1 as well as LOCA2-0 (Localized Constructed Analogs,
version 2) (Pierce et al 2023) and STAR-ESDM-v1 (Seasonal Trends and Analysis of Residuals empir-
ical statistical downscaling model) (Hayhoe et al 2024), are now fully hosted as CF-compliant NetCDF
files and integrated into ESGF’s federated catalog. These products conform to ESGF conventions for
metadata, directory structure, and file naming, with only minor customization of the DRS during inges-
tion. This achievement demonstrates the feasibility of incorporating DRCDPs into ESGF at scale and
paves the way for additional downscaled products in the near future. For these initial datasets, the ESGF
publisher software (esg-publisher) was extended with a user-defined project configuration to encode the
DRCDP-specific DRS, without requiring any custom code.

3.1. Data access workflow: MetaGrid
A central advantage of hosting DRCDPs on ESGF2-US is that they are immediately discoverable and
accessible through established ESGF tools, including the user-friendly MetaGrid web portal (https://
esgf-node.ornl.gov/search/DRCDP). MetaGrid provides a graphical interface for searching, filtering,
and downloading datasets hosted across the ESGF federation (figure 2). Users can initiate a search by
selecting the DRCDP project from the ‘Project’ filter and refine their queries using metadata fields such
as realization (e.g. r1i1p1f1), driving source ID (e.g. ACCESS-CM2), variable ID (e.g. pr), and experi-
ment ID (e.g. historical), among others. These search options correspond directly to the directory and
file naming metadata fields described in tables 1 and 2. This interface lowers the barrier to entry for
decision-makers and scientists who may lack command-line expertise, while still supporting advanced
capabilities like REST API queries and direct wget script generation. As an example, figure 2 shows the
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Figure 2. Left panel of the ESGF MetaGrid web interface, showing filtering options with the DRCDP project selected. Users can
refine their search using standardized metadata fields such as realization (e.g. r1i1p1f1), driving source ID (e.g. ACCESS-CM2),
variable ID (e.g. pr), and experiment ID (e.g. historical). These metadata elements align with the directory and filename struc-
tures defined in tables 1 and 2, enabling precise discovery and selection of DRCDP datasets within the ESGF federation. Once
the search is narrowed, a list of available data files is presented, allowing users to view key metadata and select specific files for
download based on their needs. DRCDPs can be accessed via MetaGrid at: https://esgf-node.ornl.gov/search/DRCDP.

left panel of a typical MetaGrid search session with the DRCDP project selected, highlighting the avail-
able filtering options for querying specific datasets.

3.2. Tools for data discovery and analysis: intake-esgf
As a complement to the MetaGrid web portal, programmatic, scalable access to ESGF-hosted datasets
is available via the intake-esgf package, a powerful Python-based interface. This tool enables users to
query ESGF catalogs, inspect metadata, and stream datasets directly into memory using familiar data
structures such as xarray and dask. By supporting scriptable workflows, intake-esgf facilitates reprodu-
cible research and enables power users to automate discovery, analysis, and visualization of large, high-
resolution datasets.

Figure 3 shows how just a few lines of code in a Jupyter notebook environment can search for
DRCDP datasets, load them, and generate a quick visualization, lowering barriers for both new and
advanced users. The example highlights the LOCA2-1 downscaled ACCESS-CM2 daily precipitation
simulation, while figure 4 shows the resulting high-resolution map of long-term mean precipitation (pr
(mm d−1)) for the selected region and period. This demonstrates how intake-esgf unlocks rich scientific
insights from terabytes of ESGF-hosted output with minimal setup.

To support users at all skill levels, ESGF2-US maintains extensive documentation and example note-
books (https://intake-esgf.readthedocs.io/en/latest/) demonstrating common tasks such as dataset dis-
covery, download, and analysis. Additional resources and community support are available on GitHub
(https://github.com/esgf2-us/intake-esgf).
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Figure 3. A Jupyter notebook showing the process of using intake-esgf to search, load, and visualize downscaled Earth sys-
tem data residing in ESGF. With just a few lines of code, a user can search ESGF for available DRCDP data, load the file to
their own machine, and create a quick plot to visualize the data. The produced map is shown in figure 4. The intake-esgf
library is available on GitHub at https://github.com/esgf2-us/intake-esgf, with documentation available at https://intake-
esgf.readthedocs.io/en/latest/. The version of intake-esgf used in this work corresponds to release v2025.10.22 (commit
29dcc56d258f55e2c795f7bd5f90ee2680249263) on themain branch.

Figure 4.Map showing the LOCA2-1 version of the downscaled ACCESS-CM2 model simulation of long term mean precipita-
tion (pr (mm d−1)). This is the plot that is produced using the Jupyter notebook code from figure 3.
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4. Discussion

4.1. ESGF2-US as a centralized resource
While many products already have dedicated access points, ESGF2-US provides added value via a cent-
ralized, standardized, and federated platform that integrates the diverse data assets into a common eco-
system. This integration improves discoverability, ensures metadata consistency, enhances interoperability
across tools and workflows, and ultimately accelerates model evaluation and research. These features are
especially important for enabling cross-model and cross-dataset analysis, directly benefiting tools like
the Program for Climate Model Diagnosis and Intercomparison (PCMDI) Metrics Package (PMP) (Lee
et al 2024) and the International Land Model Benchmarking system (ILAMB) (Collier et al 2018), which
support national and international assessments, or the upcoming Rapid Evaluation Framework which
is designed to provide immediate quantitative feedback that allows model developers and scientists to
quickly identify model biases and performance issues (Hoffman et al 2025).

Standardization is key to ESGF2-US’s role as a centralized resource. By requiring adherence to CF
conventions and project-specific data specifications (both delivered through CMOR formatting), the
platform ensures that DRCDPs are consistently structured, semantically rich, and interoperable across
tools and domains. These standards, along with clear directory hierarchies and file naming conventions,
make datasets easier to discover, track, and integrate into workflows such as those used by PMP and
ILAMB. The successful integration of LOCA2-1, LOCA2-0, and STAR-ESDM-v1 into ESGF2-US exem-
plifies how these standards enable efficient publication and enhance the platform’s value as an interoper-
able, centralized resource.

Because ESGF operates as a federated system, datasets hosted at ESGF2-US can potentially be dis-
covered and accessed through the broader ESGF infrastructure. This US-centric effort does not pre-
clude global engagement; in fact, if international partners express interest, DRCDPs hosted on ESGF2-US
could be replicated and served at other federation nodes, enabling broader access and redundancy across
regions, and would likely involve coordination with other communities, such as CORDEX.

4.2. Challenges, community progress, and incentives for standardizing data
Despite the clear benefits of standardized data practices, significant barriers remain, chief among them
the time and technical investment required to conform to evolving conventions. For many data produ-
cers, aligning with ESGF standards can be a non-trivial effort. To address these challenges, efforts have
been made to improve metadata interoperability and streamline workflows for downscaled products.
These improvements have supported the successful standardization and publication of datasets such
as LOCA2-1, LOCA2-0, and STAR-ESDM-v1, demonstrating what is possible when technical guidance,
shared tooling, and clear conventions are available.

Demonstrating the ability to CMORize a data file (figure 1) and to access datasets programmatically
using intake-esgf (figure 2) is intended to give the community confidence that preparing DRCDP data
for ESGF ingestion, and later discovering and accessing it, is a manageable and well-supported process.
Continued community efforts to develop shared tools, improve guidance, and automate key processes are
steadily lowering the barriers, making it increasingly feasible for both data producers and users to engage
with standardized DRCDP data through a more accessible and interoperable ESGF ecosystem.

4.3. Future data ingestion priorities
Building on the workflows and standards established for LOCA2-1, LOCA2-0, and STAR-ESDM, ESGF2-
US anticipates steadily broadening its archive of high-resolution DRCDPs. In addition to the statistically
downscaled LOCA2 and STAR-ESDM data already available, forthcoming candidates include Ensemble
Generalized Analog Regression Downscaling (Gutmann et al 2022) and the NASA Earth-Exchange suites
NEX-GDDP and NEX-DCP30 (Thrasher et al 2012, 2024). Dynamically downscaled products under con-
sideration include the EPA dynamically downscaled ensemble, version 2 (EDDE v2) (Spero et al 2025),
the Climate Risk and Resilience Portal dataset (ANL 2023), the Western United States dynamically down-
scaled dataset (Rahimi et al 2024), and the North American CORDEX (Bukovsky and Mearns 2020).
Most of these datasets are profiled in the forthcoming BAMS article by Ullrich et al (2025), which lays
out a coordinated national strategy for DRCDPs. Looking ahead, ESGF2-US also expects to evaluate and
ingest emerging products generated with artificial intelligence and machine learning (AI/ML) techniques
as the downscaling landscape continues to evolve. These future priorities will further test and refine
the workflows, standards, and collaborative practices that have already proven effective for the initial
datasets.

As ESGF2-US expands to ingest new DRCDPs, attention will also be given to supporting variables
that currently lack formal CMOR standards, such as convective available potential energy which serves as
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a proxy for severe weather potential. Addressing these variables will involve community collaboration to
develop provisional naming conventions and metadata schemas, ensuring that future datasets with novel
or specialized variables can be integrated without sacrificing discoverability or interoperability.

4.4. Community engagement and responsiveness
Central to ESGF2-US is a commitment to community engagement and iterative refinement based on
user feedback. The project will actively gather input through a variety of channels, including periodic
user surveys, public issue tracking and feature requests on GitHub, and dedicated workshops or webinars
focused on user experience and technical needs. By systematically analyzing this feedback, the ESGF2-US
team can identify common challenges, prioritize enhancements, and adapt the platform to better serve
diverse stakeholder groups. This responsive approach not only fosters transparency, trust, and inclusivity,
but also lowers barriers to standardization and contribution, ensuring that ESGF2-US evolves in step
with the changing priorities and workflows of the Earth system data user community. Together, these
efforts position ESGF2-US as an evolving, community-driven platform capable of supporting the next
generation of DRCDPs.

5. Summary and conclusions

This paper has documented the successful integration of DRCDPs into the ESGF2-US framework,
marking a key milestone in making high-resolution, decision-relevant information broadly accessible,
standardized, and interoperable. Currently, flagship statistically downscaled datasets such as LOCA2-
1, LOCA2-0, and STAR-ESDM are hosted and discoverable alongside global model and observational
data, with plans underway to incorporate additional statistical, dynamical, and emerging AI/ML-based
products in future iterations. By adopting community-driven conventions like CF metadata standards
and CMORization, ESGF2-US provides a foundation for interoperability, enabling seamless integration
across models, tools, and users. User access is further enhanced through the complementary platforms
MetaGrid and intake-esgf, which support diverse workflows ranging from exploratory analysis to scal-
able, reproducible pipelines.

While challenges remain, including cyberinfrastructure demands, community awareness, and adop-
tion barriers, targeted strategies centered on standardization, outreach, and responsive feedback are
already addressing these issues. Looking ahead, ESGF2-US aims not only to expand its data holdings
but also to serve as a catalyst for broader adoption and innovative applications of DRCDPs. By fostering
a more connected, transparent, and user-driven ecosystem, ESGF2-US is helping to ensure that high-
quality, decision-relevant data are readily available to inform science, policy, and societal resilience in the
face of environmental change.

Data availability statement

The data that support the findings of this study are openly available at the following URL/DOI: https://
esgf-node.ornl.gov/search/DRCDP (Earth System Grid Federation (ESGF) 2025).
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