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EXECUTIVE 
SUMMARY

Environmental data is collected and used by researchers, regulatory agencies, 
communities, and businesses for a variety of purposes, though much of it only in 
single projects or to check regulatory boxes. While more data is being shared than 
ever before, spurred on by recent open data policies, increased availability does not 
guarantee that those who might use it can find, access, understand, or apply it in 
new contexts, nor that such data will be governed ethically.

Open Environmental Data Project convened stakeholders from government, 
academia, environmental nonprofits, journalism, community organizations, and 
the private sector to discuss the challenges and promising solutions they’ve 
faced in sharing, using, and reusing environmental data. Four major needs 
emerged: findability and accessibility, data formats and infrastructure that enable 
interoperability, high quality or detailed enough data to answer different questions, 
and user capacity to understand and analyze the data. This brief offers nine 
opportunities to address these needs, each building on or leveraging existing efforts:

1. Federal agencies and legislators can remove paywalls, ease restrictions, and 
invest in data infrastructure to ethically broaden access to public data.

2. With support from federal agencies like OSTP, all levels of government can 
design and encourage the use of data sharing and visitation agreements.

3. Funders and regional hubs can create shared spaces for storing and pointing 
to related environmental datasets to avoid siloing information and build 
community.

4. Research institutions and networks can leverage data stewards to integrate 
community priorities and perspectives into data collection, management, and 
curation.

5. Research institutions and regulatory agencies can intentionally design and 
document APIs and other digital infrastructure to enable data discovery and 
connection.

6. Data managers from all sectors can share data and metadata in machine-
readable formats, standardize vocabulary, and apply tags to make it easier to 
understand and use data ethically.

7. Research institutions and community organizations can use applied learning 
approaches to support informal data science education.

8. Journalists and community organizations can visualize data to offer more 
accessible interpretations, and technologists can develop tools to enable more 
groups to use and analyze data.

9. Community data collection can be used to fill data gaps, provide local context, 
open up environmental governance processes, and point to different ways of 
examining environmental scenarios.

With contributions and participation from stakeholders across sectors, a cultural 
shift can help us manage and share environmental data in ways that enable multiple 
uses, use existing datasets to answer pressing environmental questions in varied 
and novel ways, and enable diverse communities to ask their own questions.
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Environmental data is collected and used 
by researchers, regulatory agencies, 
communities, and businesses for many 
purposes: climate scientists record 
permafrost temperatures to predict 
impacts on Arctic ecosystems; US state 
agencies monitor emissions from oil 
refineries to ensure they comply with 
federal policies. Much of this data is used 
on a limited basis—for a one-off research 
project or lawsuit, or to check regulatory 
boxes. But what if environmental data 
were managed and shared in a way that 
allowed for multiple uses? How might 
we use existing datasets to answer any 
number of environmental questions, to 
enable communities to ask their own 
questions, and to make sense of our 
surroundings in varied and novel ways?

At a foundational level, environmental datasets must 
be available and accessible to be used. Fortunately, 
open data policies have proliferated in government 
and academic spaces in recent years. In the US, the 
OPEN Government Data Act began requiring that 
public agencies share machine-readable data online 
in 2019. More recently, the White House Office 
of Science and Technology Policy (OSTP) directed 
federally-funded research to share all publications 
and data openly by the end of 2025—a mandate 
that will be supported by programs like NASA’s 
Transform to Open Science (TOPS) initiative. On the 
international stage, the United Nations has signaled 
through the Data Values Project that data reusability 
will be key in achieving the Sustainable Development 
Goals. While more data is being shared than ever 
before, however, its increased availability does not 
guarantee that those who might use it can find, 
access, understand, or apply it in new contexts, nor 

does it ensure that such data is governed ethically.

Environmental data could be accessed and 
applied by a wider range of groups for farther-
reaching impact if it were managed and openly 
shared with multiple uses in mind. Attorneys or 
consultants might search the NEPAccess database 
of Environmental Impact Statements to understand 
how other development projects have attempted 
to prevent environmental impacts like soil erosion. 
Or journalists and researchers might use the 
Refinery Air Watch database of fenceline monitoring 
datasets to see which communities are exposed to 
what pollutants, or to evaluate the effectiveness of 
facilities’ mitigation methods. Both of these tools, 
created by environmental researchers, take data 
originally collected for compliance purposes and 
share them for others to re-use and re-apply them.

To explore opportunities for making environmental 
data usable beyond its original intent, OEDP’s fourth 
Brain Trust brought together stakeholders from 
government, academia, environmental nonprofits, 
journalism, community organizations, and the 
private sector to discuss both the challenges and 
promising solutions they’ve faced in sharing and 
using environmental data. These participants work 
with widely varying datasets: LandSat temperature 
data, non-emergency municipal service request 
information, residential energy use, drinking water 
quality violations, and population demographics to 
name a few. Their uses were just as diverse—from 
supporting agricultural managers, to understanding 
which neighborhoods within a city experience the 
worst flooding, to modeling future malaria scenarios.

Based on this Brain Trust conversation and our own 
research, this brief lays out four major challenges 
in making environmental data usable by diverse 
stakeholders and for varied purposes:
(i) How can we ensure environmental data is findable 
and accessible?
(ii) How can data collection and management 
practices, as well as infrastructure, support 
interoperability?
(iii) What approaches can fill in gaps created by 
limited data granularity and circumvent biases 
embedded in data?
(iv) How can we support diverse data users 
representing a spectrum of capacities in 
understanding, analyzing, and applying 
environmental data?

The brief then explores nine opportunities for 
addressing these challenges, identifying possible 
contributions from stakeholders. While the 
opportunities presented here largely respond to a 
US context, these models and approaches also offer 
lessons for work elsewhere.

BEYOND ORIGINAL INTENT: 
INTRODUCTION

https://www.congress.gov/115/plaws/publ435/PLAW-115publ435.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://science.nasa.gov/open-science/transform-to-open-science
https://www.data4sdgs.org/index.php/
https://www.nepaccess.org/
https://www.refineryairwatch.org/
https://www.openenvironmentaldata.org/research-series/overview-environmental-data-beyond-original-intent
https://www.openenvironmentaldata.org/research-series/overview-environmental-data-beyond-original-intent


A NOTE ON METHODOLOGY
We base the discussion and recommendations in this brief on insights from a Brain Trust held in August 2022, which brought 
together fourteen participants from government, academia, environmental nonprofits, journalism, community organizations, 
and the private sector. We discussed the challenges surrounding reusing data beyond its original intent, practices and 
approaches that have made this easier, and the possibilities for the future within this space. The participants are quoted 
throughout the brief, and names and affiliations are listed on pg. 22.
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Data use:
We use the term “data use” to refer to two different 
processes. The first relates to data reuse during 
analysis or integration, as described in the FAIR 
principle for “Reusability.” (FAIR stands for Findability, 
Accessibility, Interoperability, and Reusability.) In this 
case, data are associated with clear usage licenses 
and detailed provenance, are structured or formatted 
using domain-relevant community standards, and are 
interoperable, or reasonably able to be integrated 
with other datasets, applications, or workflows. The 
second relates to the application of data or the results 
of data analysis to inform decisions or governance. 
Alongside instances of this term, we indicate which of 
these types of use we are referring to.

Granularity vs. resolution:
Granularity and resolution are related but distinct 
terms, though they are often used interchangeably. 
Granularity refers to the level of detail in a data 
field. For example, a spatial dataset might associate 
measurements with GPS coordinates (more granular) 
or census tracts (less granular). Resolution, on the 
other hand, refers to the frequency of measurements 
represented in data. For example, air quality 
measurements might be taken by the minute, hour, 
or day, or by sensors placed in every household, city 
block, or every square mile (both at decreasing levels 
of resolution).

Data steward & stewardship:
A data steward is often an intermediary that 
facilitates or holds consent and decision-making 
power on behalf of data users, and is responsible 
for maintaining security and the quality of datasets 
(Manohar et al., 2020). In other terms, a steward 
of data can decide who has access, under what 
conditions, and to whose benefit (Mills, 2020). Data 
stewardship denotes the roles and responsibilities of 
a data steward, or the sustainable and responsible 
management of data for public benefit (Verhulst, 
2020).

Environmental data:
Environmental data provides information about 
the quality of air, water, soil, and other substrates; 
weather, climate, ecosystem, and population 
dynamics; or socio-economic impacts. It can take 
many forms—values in a spreadsheet, satellite 
imagery, photography, descriptions of lived 
experiences, or histories, for example. In reimagining 
the social use of data, we place equal importance on 
qualitative and quantitative data.

Interoperability:
The FAIR Guiding Principles define interoperability 
as “the ability of data or tools from non-cooperating 
resources to integrate or work together with minimal 
effort” (Wilkinson et al., 2016). In general, this means 
that data from different sources (as well as their 
metadata) use standardized, compatible, or easily 
translatable formats, structures, and vocabularies.

Infrastructure:
This brief refers to both digital and social 
infrastructure that allow data workflows to operate 
smoothly. Digital infrastructure might refer to cloud 
storage or other platforms that enable data sharing, 
while organizational infrastructure might include 
curatorial staff employed by a government office or 
research institution. Infrastructure is often invisible or 
taken for granted when it is easy to share, access, and 
use data.

COMMONLY USED TERMS

https://www.go-fair.org/fair-principles/
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DATA USE 
REQUIREMENTS & 
BARRIERS

Conversations during this Brain Trust 
revolved around four major themes: 
the need for (i) data to be findable 
and accessible, (ii) data formats and 
infrastructure that enable interoperability, 
(iii) high quality or detailed enough data 
to answer a variety of questions, and (iv) 
user capacity to understand and analyze 
the data. Related to these, participants 
discussed barriers they and their 
colleagues commonly face in meeting 
these needs.

(I) FINDABILITY & ACCESS

Being able to find and access data are critical 
first steps in use. Simply put, one must know a 
dataset exists and have some sense of where to 
find it before they can explore its applications. 
Several barriers, however, prevent would-be 
data users from taking these first steps. Data is 
often distributed across different data holders 
ranging from institutionally-managed digital 
repositories to undigitized records held by public 
agencies or private businesses. And while myriad 
catalogs, repositories, and data portals exist, it 
can be difficult to know where to look for data 
outside of one’s expertise, experience, social 
networks, or communities of practice. Brain Trust 
participants and others we have spoken with 
during related projects have commonly brought 
up the need to rely on personal connections with 
data managers or previous users of data in order 
to find what they are looking for. On top of this, 
even when would-be data users know where to 
look, paywalls or clunky infrastructure might stop 
them from accessing or downloading the data 

they need. Under-resourced organizations, groups 
without large institutional backing, and unaffiliated 
individuals (e.g., independent researchers or 
freelance journalists) are particularly disadvantaged 
in finding and accessing data.

(II) INTEROPERABILITY

Accurately answering questions about 
environmental health, climate change, and 
ecosystem dynamics often require data from 
multiple sources. But even if datasets are 
findable and accessible, it can be difficult to 
relate or integrate them, especially if they 
have been collected using different protocols 
or stored in different formats. “Connector 
datasets” can be crucial for these purposes, but 
are often missing or inaccessible. For example, 
Brain Trust Participant Reed Van Beveren of the 
Environmental Policy Innovation Center (EPIC) 
discussed their ongoing work to develop a 
national dataset containing the US’s water service 
area boundaries. Such a dataset would allow 
researchers to connect tabular water quality 
data from the Safe Drinking Water Information 
System (SDWIS) with geospatial data about 
demographics to characterize communities 
impacted by lack of access to safe drinking water, 
for example. Access to usable metadata is critical 
for connecting datasets from different sources, 
but while metadata sharing has become more 
common, its use is often limited by inaccessibility 
and widely varying vocabularies and levels of 
detail. Furthermore, depending on the intended 
use of the integrated datasets in question, 
application programming interfaces (APIs) may 
be required to connect them. While APIs have 
become ubiquitous on the internet and other 
digital infrastructure, they are not always open, 
well-documented, or intuitively designed, limiting 
both their use and adaptability.

(III) GRANULARITY, RESOLUTION & 
EMBEDDED BIAS

Environmental data is collected at granular levels 
meant for specific purposes, but data users 
may require higher levels of detail to answer 
new questions. For example, oil refineries that 
are required to conduct fenceline monitoring 

https://www.policyinnovation.org/technology/water-utility-service-area-boundaries
https://www.policyinnovation.org/technology/water-utility-service-area-boundaries
https://www.epa.gov/ground-water-and-drinking-water/safe-drinking-water-information-system-sdwis-federal-reporting
https://www.epa.gov/ground-water-and-drinking-water/safe-drinking-water-information-system-sdwis-federal-reporting
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(IV) CAPACITY, UNDERSTANDING & 
USABILITY

Data findability, accessibility, and quality enable 
a broad swath of uses only insofar as people 
have the tools and technical know-how to 
interpret and apply them as they intend. Data 
usability depends just as much on data users’ 
resources and capacities as it does on each of 
the factors discussed above. Access to applied 
training and appropriate tools, however, is rarely 
available beyond educational and research 
institutions, and formal continued education 
often requires time and resources that may 
be scarce among community organizations 
and members responding to ongoing or 
imminent environmental threats. Furthermore, 
pedagogies used in formal higher education 
may also contradict Indigenous efforts toward 
self-determination and sovereignty (Robertson, 
2018). While many data analysts and scientists 
trained in institutions of higher education, 
especially those working for public institutions 

and agencies, work on behalf of public interests, 
communities should not have to rely entirely on 
their good will and experience.

Each of these challenges are faced by researchers, 
journalists, attorneys, community organizations, 
and government agencies alike in seeking to 
reuse environmental data. These barriers often 
compound one another, adding even more 
complexity to already difficult obstacles. For 
example, a data analyst who is able to locate and 
access two datasets necessary to answer a question 
may find that they also need a third dataset or 
comprehensive metadata to connect them. Below 
we explore nine opportunities to enable a more 
diverse group of stakeholders to use and reuse 
environmental data from a variety of sources 
beyond their original intent.

may report data to state agencies twice 
a month, but determining impacts on 
neighboring communities’ environmental 
health may necessitate daily or even hourly 
measurements. On the other hand, datasets 
might not be available at large enough scales 
to be included in tools meant to encompass 
entire states or countries. Relatedly, there 
may simply be too few environmental 
monitors to answer questions about specific 
locations. Or instruments may be maintained 
too infrequently or in unstandardized ways 
such that some lower quality subsets of 
datasets may need to be disregarded. Several 
Brain Trust participants also mentioned 
that US Census data, often relied upon for 
demographic and socioeconomic information 
because it covers the entire nation, is based 
on census tracts whose areas may not be 
granular enough for various needs (and 
whose boundaries may change over time). 
Furthermore, biases embedded in Census and 
other survey data get carried over into analyses 
based on them (e.g., only those responding 
to the survey are represented in its data, the 
categories presented by survey questions may 
reflect a narrow understanding of an issue, 
etc.). And many large national or statewide 
datasets don’t integrate well with experiential 
information from communities.
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OPPORTUNITIES

EXPANDING DATA USE

As the challenges we identified often intersect, many of the oppor-
tunities we discuss in this brief also work to address several barri-

ers at once. Figure 1 on the next page illustrates how each 
opportunity responds to one or more of the above needs and 

challenges. We have also indicated this using the colored circles 
below next to each opportunity as a reference point.

Figure 1: Intersecting challenges and opportunities. Each circle represents one of the four major challenges, which are bolded along the edges. Each 
opportunity is placed within the corresponding challenge circle or circles.



To address the 
following barriers:
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EXPANDING DATA USE

PUBLIC INVESTMENT IN DATA INFRASTRUCTURE IS FOUNDATIONAL TO 
ENABLING DIVERSE GROUPS TO ACCESS “PUBLIC” DATA AND ETHICALLY 
SHARING DATA CONTAINING CONFIDENTIAL INFORMATION.

The Office of Science and Technology policy (OSTP) recently directed all federal agencies to 
implement open data and open access policies before 2026—a move that is likely to have 
ripple effects throughout the US scientific ecosystem. However, federal agencies sometimes 
restrict access to the data they collect and maintain for confidentiality reasons by requiring in 
situ use at data centers only. This effectively restricts data use to well-resourced individuals 
and institutions, especially since data centers tend to be located near “top” universities 
(Tranchero & Nagaraj, 2021). Fees and paywalls meant to cover data maintenance and 
storage also prevent access, even to data shared by public agencies like the National Oceanic 
and Atmospheric Administration (NOAA).

Lifting or easing such restrictions would expand access to datasets that are only theoretically 
public, regardless of a data seeker’s affiliations or access to resources, as was the case 
when NASA reduced access costs and restrictions (Nagaraj et al., 2020). When in situ access 
is deemed necessary (e.g., to prevent breaches of highly sensitive personally identifiable 
information) funding the establishment of more data centers would enable those with fewer 
financial resources or those unable to travel to use the data. As is the case with the Census 
Bureau’s Federal Statistical Research Data Center (FSRDC) program, these centers could be 
co-managed by local institutions like libraries to leverage staff expertise to support data 
seekers and users.

Investments from the Inflation Reduction Act, over $600 million of which has already been 
appropriated by various agencies for data infrastructure and information systems could 
support broader access, for example by establishing more data centers, covering the costs 
of fulfilling user requests for public data so that fees are not prohibitive, or by training or 
hiring public data stewards to support data seekers and users. Similarly, the Infrastructure 
Investment and Jobs Act could meet its goals of environmental remediation and 
strengthening resiliency in cyberinfrastructure by investing in state-of-the-art environmental 
data infrastructure.

Beyond this, agencies like the Census Bureau are already using de-identification techniques 
or testing “differential privacy” approaches that perform data transformations or introduce 
an acceptable level of noise into datasets to retain confidential information and release 
the data publicly (Garfinkel, 2022). These differential privacy techniques are still under 
development and not yet cost-efficient enough to be used at scale or across different 
contexts (Prabhakar, 2020). If funding agencies like the National Science Foundation (NSF) 
support the development of these techniques and their related infrastructure, they could 
broaden institutional capacity to apply them. In the meantime, the Census could also share 
lessons from their approaches with other agencies and institutions whose sensitive data 
could inform responses to climate change and other environmental justice problems.

OPPORTUNITY #1

(i) Findability & 
access

https://www.census.gov/about/adrm/fsrdc.html
https://www.census.gov/about/adrm/fsrdc.html
https://fas.org/blogs/sciencepolicy/enviro-data-ira/
https://www.ncsl.org/ncsl-in-dc/publications-and-resources/infrastructure-investment-and-jobs-act-implementation-and-resources.aspx
https://www.ncsl.org/ncsl-in-dc/publications-and-resources/infrastructure-investment-and-jobs-act-implementation-and-resources.aspx


To address the 
following barriers:

(i) Findability & 
access
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EXPANDING DATA USE

DATA SHARING AGREEMENTS CAN ENABLE LONG-TERM AND ETHICAL 
ACCESS AND USE.

When privacy or other ethical concerns prevent data stewards from making data openly 
available, or if information is too complex to de-identify, data sharing agreements can 
be used to ensure long-term, ethical access. In a previous Opportunity Brief on data and 
engagement in local environmental planning, we discussed how states can collaboratively 
design Master Data Sharing Agreements with communities and other data users, or follow 
models like the Western Pennsylvania Data Center that offer both legal infrastructure in the 
form of agreements and digital infrastructure to support engagement with public agency 
data. These stand apart from conventional data use agreements in that they are between 
not just two parties (the data holder and an individual user) for a particular use, but rather 
between the holder and the general public or the holder and a group of users for a wide 
range of purposes.

Participants from this Brain Trust also discussed the use of “data visitation agreements” to 
allow users to access and analyze data from a remote server without actually transferring 
or downloading it (Hallinan et al., 2021).1 These may be particularly useful in cases where 
the risk of confidentiality breaches exceeds any need for open access, but the benefits 
of making the data available are also great (e.g., the possibility to inform decentralized 
responses to emergencies like epidemics or natural disasters). As OSTP continues to refine 
their guidance for agencies to share their research data openly, they could create a working 
group to develop recommendations or mandates to apply various tools such as data 
sharing or visitation agreement templates. Resources such as these should not displace 
the foundational work to build relationships that must come before the application of legal 
documents, however. In fact, the construction and adaptation of them can be collaborative 
processes in themselves, presenting opportunities for building both trust and mechanisms 
for accountability.

1���See�(Weise�et�al.,�2022)�for�more�on�existing�and�emerging�data�visitation�systems�and�infrastructure,�including�features�to�allow�the�use�of�various�analytical�and�
data science tools. The Research Data Alliance (RDA) also recently established a working group around data visitation.

OPPORTUNITY #2

https://www.openenvironmentaldata.org/research-series/opportunity-brief-look-to-the-local
https://www.openenvironmentaldata.org/research-series/opportunity-brief-look-to-the-local
http://www.wprdc.org/about/
https://rd-alliance.org/groups/artificial-intelligence-and-data-visitation-aidv-wg


To address the 
following barriers:

(i) Findability & 
access

(ii) 
Interoperability
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EXPANDING DATA USE

DATA SHARING AGREEMENTS CAN ENABLE LONG-TERM AND ETHICAL 
ACCESS AND USE.

Centralized data repositories, catalogs, and data portals managed by academic publishers, 
disciplinary associations, and public agencies can make it easier to find data collected by 
specific organizations or related to specific topics. Funders of data collection efforts can go 
beyond requiring data to be shared by building and recommending disciplinary repositories. 
The NSF Arctic Data Center, for example, holds thousands of datasets from NSF-funded 
research in the Arctic and offers open science workshops to Arctic researchers through 
the Navigating the New Arctic Community Office. While centralized repositories are critical 
components of the environmental data ecosystem, they are often siloed by research 
discipline, sector, or data type, require affiliation with member institutions to submit 
datasets, or require users to pay access fees. Repositories’ size, scope, and quality controls 
can also limit what they end up storing, particularly when it comes to community data. 
Re3data.org, a widely-used registry for research data repositories, does not include open 
sensor networks, for example. And data librarians, commonly employed at universities and 
other large research institutions, don’t always have the capacity to support non-affiliated 
community members, or may not be connected to community data networks at all.

These obstacles highlight the value of decentralization and interconnecting spaces that 
can support data seekers in discovering, accessing, and using data from more diverse 
sources. Decentralization can also support the incorporation of community data if combined 
with interfacing roles to bridge gaps between data’s technical components and possible 
applications. One example of this is the Water Data Collaborative’s Mainstem Network, 
which provides an online space for water monitoring and community science practitioners to 
connect with each other, discuss challenges and opportunities for water data use, and seek 
technical support for managing or analyzing data. The Big Data Innovation Hubs similarly 
provide regional support in the US for building networks and connecting scientific capacity 
with community priorities, often around environmental problems.

Such decentralized convening spaces could be especially helpful in work to integrate existing 
datasets with new ones (EPA station-based monitoring data with community monitoring or 
open sensor networks, for example) or to coordinate efforts to fill in data gaps. Open Data 
Charter’s Open Up Guide for climate data offers a model for coordinating the integration of 
existing datasets, particularly in its lists of repositories and reporting requirements under 
the United Nations Framework Convention on Climate Change. Importantly, maintaining 
decentralization can avoid gatekeeping and disempowering existing communities, concerns 
commonly expressed at our Brain Trust; efforts to strengthen collaboration between 
communities on the one hand and government or researchers on the other should not 
come at the expense of stewarding community agency and ownership.

OPPORTUNITY #3

https://arcticdata.io/
https://nna-co.org/
http://re3data.org
https://mainstemnetwork.org/
https://bigdatahubs.org/
https://open-data-charter.gitbook.io/open-up-guide-using-open-data-to-advance-climate-a/


(ii) 
Interoperability

(iii) Granularity 
& bias

(iv) Capacity & 
usability
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EXPANDING DATA USE

LEVERAGE EXISTING DATA STEWARDSHIP ROLES, OR CREATE NEW ROLES, 
TO SUPPORT THE INTEGRATION OF COMMUNITY PRIORITIES AND 
PERSPECTIVES INTO ENVIRONMENTAL DATA COLLECTION, MANAGEMENT, 
AND CURATION EFFORTS.

Related to the opportunity to create shared spaces for finding and using environmental 
data, public agencies and research institutions have begun hiring data stewards to ensure 
their data meets the FAIR principles. These groups should also prioritize values laid out in 
frameworks like CARE (collective benefit, authority to control, responsibility, and ethics), or 
as Brain Trust participant, Sajani Neeraja from the Center for Neighborhood Technology 
(CNT), offered: “create an office or chair for community data integration.” Chief Data Officers 
(CDOs), increasingly employed at the state level could take on these roles or prioritize the 
creation of such roles in their offices to support data users in finding or using existing data 
to understand community challenges.

Related efforts have been proposed at the federal level: EPIC recently proposed the Office 
of the President create a Digital Service for the Planet (DSP), adapting the existing US Digital 
Service model to account for the complexities introduced by climate and environmental 
justice data challenges. Building on one of EPIC’s recommendations to center interagency 
collaboration, a DSP could provide technical expertise to agencies working with state offices 
and help them address interoperability challenges with CDOs or community data integration 
officers.

Critically, capacity would need to be built to take on communication and other community 
engagement roles, in addition to technical expertise. The SEEKCommons network, a 
collaboration between OEDP and our partners at the University of Notre Dame and the HDF 
Group, will include a Data Facilitators Consortium to train and support people in these new 
roles, in addition to discussing how such roles can encourage the use of community-oriented 
open data practices. Spaces like this can be venues for exploring more equitable approaches 
to co-creating or curating environmental datasets so that they integrate shared priorities 
from the onset, and are used, shared, and communicated in broadly accessible ways. They 
could also provide space to share information and strategies on getting the results of data 
analysis in front of the people, organizations, or offices with the power to leverage them 
for real change (for example, citing in journalistic outlets or policy forums, or sharing with 
community organizers and advocates). GOFAIR’s GO TRAIN pillar and coalitions like the 
Research Data Alliance (RDA), Data Curation Network, or CODATA could similarly support 
capacity building and professional development in this regard, for example by focusing 
a working group on community integration, providing training resources, or simply by 
amplifying and socializing the value of such work.

OPPORTUNITY #4
To address the 

following barriers:

(i) Findability & 
access

https://www.go-fair.org/fair-principles/
https://www.gida-global.org/care
https://www.dayoneproject.org/ideas/creating-a-digital-service-for-the-planet/
https://openenvironmentaldata.medium.com/open-environmental-data-project-oedp-and-partners-awarded-1-5mm-439b680c78cd
https://www.rd-alliance.org/
https://datacurationnetwork.org/
https://codata.org/


(ii) 
Interoperability

(iv) Capacity & 
usability
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EXPANDING DATA USE

WELL-DESIGNED AND DOCUMENTED DIGITAL INFRASTRUCTURE AND APIS 
CAN MAKE IT EASY TO FIND, COMPARE, AND CONNECT DATASETS.

Data portals and repositories rarely go beyond storing and displaying datasets. While these 
functions are essential to findability and access, digital data infrastructure can also display 
visualized features of the data so that users of various backgrounds and levels of experience 
can easily verify that a dataset contains what they are looking for. EnvironmentalData.org, 
for example, created and maintained by the CREATE Lab at Carnegie Mellon University, 
interactively visualizes downloadable data stored in the Environmental Sensor Data 
Repository (ESDR), such as air quality measurements. In addition to displaying where sensors 
are located on a map, the platform allows users to view multiple variables from one dataset 
over time (often down to the hour), as well as compare these with variables from other 
datasets.

Well-designed and documented application programming interfaces (APIs) can also make it 
easy to connect datasets from different sources and integrate data in a wide range of digital 
applications.2 Several efforts in this regard are worth mentioning: the Water Reporter API, 
developed by The Commons, allows applications to call water quality data from state data 
portals, community science projects, and other sources. It has been used by agencies like the 
California State Water Resources Control Board to visualize harmful algal bloom data and the 
Maryland Department of the Environment to display pollutant discharge permit information 
and inspection results (Watson et al., 2022). Similarly, the OpenAQ API pulls air quality data 
from government and community sources uploaded to their platform. Public agencies 
have also shared a variety of APIs and coding packages to access their data including the 
US Geographical Survey (USGS). Importantly, documenting and sharing open source and 
accessible APIs can support collaboration between various data holders and users by 
creating space to deliberate on how their design could enable multiple uses.

2���A�note�on�APIs:�APIs,�or�Application�Programming�Interfaces,�allow�one�digital�application�to�call�data�or�other�features�from�another,�such�as�a�dataset�from�a�reposi-
tory.�Well-documented,�open�source�APIs�enable�programmers�to�build�on,�update,�or�adapt�APIs�for�new�purposes.

OPPORTUNITY #5
To address the 

following barriers:

(i) Findability & 
access

https://environmentaldata.org/
https://www.ourcommoncode.org/water-reporter
https://openaq.org/#/
https://github.com/USGS-R


(ii) 
Interoperability

(iv) Capacity & 
usability
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EXPANDING DATA USE

SHARING MACHINE-READABLE DATA AND METADATA ON WEBSITES, 
STANDARDIZING METADATA NOMENCLATURE, AND NORMALIZING 
TAGGING CAN MAKE IT EASIER TO UNDERSTAND AND INTEGRATE DATA 
FROM DIFFERENT SOURCES WITHIN ETHICAL CONFINES.

Beyond integrating data into new applications, data users often want to compare, 
synthesize, or otherwise combine data from different sources. A researcher conducting an 
environmental health assessment, for example, might want to combine air quality data from 
EPA’s AQS Data Mart with meteorological data from NOAA. Having access to comprehensive 
metadata is often a prerequisite for such integration. In addition to providing information 
about data that make it possible to understand and interpret it accurately, metadata 
allows users to compare and harmonize datasets by connecting their shared parameters, 
such as units, collection timestamps and locations, or instruments used for collection. 
Several Brain Trust participants lamented a widespread lack of metadata, often provided in 
unstandardized formats, and barriers to finding it in machine-readable formats, especially in 
relation to data shared by government agencies.

At a basic level, data and metadata should be shared in machine-readable formats (i.e., 
in downloadable CSV or XLSX files) and accompanied by comprehensive and accessible 
dictionaries defining metadata terms. Data shared in PDF files can be difficult to extract for 
analysis, especially if a user does not have access to Adobe Acrobat to automate this process 
or the ability to use code scripts to do so. Beyond this, standardizing metadata semantics or 
using common or connected metadata schema can support dataset federation. To illustrate 
the value of standardized terminology, consider the US water data ecosystem comprising 
datasets from multiple agencies within each of 50 states, many of which use several 
hundred different terms to describe their data. The Internet of Water Coalition’s Water 
Terminology Collection is an effort to crowdsource definitions of these terms and encourage 
a shared vocabulary to support easier use of this data.

From an equity lens, however, it is important to consider how existing metadata standards 
might uphold or reinforce structures that threaten the sovereignty of communities from 
where data is collected (Montenegro, 2019). Encouraging the development and use of 
tagging systems like Local Contexts’ Traditional Knowledge (TK) and Biocultural (BC) 
labels can ensure that Indigenous-owned data and knowledge are used appropriately 
and within bounds set by the Indigenous communities from where they are sourced. The 
tension between the benefits of standardization and interoperability on the one hand and 
community ownership and control on the other, particularly when it comes to Indigenous 
knowledge, presents another opportunity to leverage shared spaces to discuss how these 
might be balanced. Furthermore, the TK and BC labels might offer lessons for research and 
data collection in communities who have experienced extractive data practices with little 
benefit from its use.

OPPORTUNITY #6
To address the 

following barriers:

(i) Findability & 
access

https://aqs.epa.gov/aqsweb/documents/data_mart_welcome.html
https://www.policyinnovation.org/blog/what-we-learned-from-evaluating-drinking-water-infrastructure-funding-its-currently-too-hard-to-effectively-track-where-infrastructure-improvements-are-going
https://www.policyinnovation.org/blog/what-we-learned-from-evaluating-drinking-water-infrastructure-funding-its-currently-too-hard-to-effectively-track-where-infrastructure-improvements-are-going
https://internetofwater.org/resources/coming-to-terms/
https://internetofwater.org/resources/coming-to-terms/
https://localcontexts.org/labels/traditional-knowledge-labels/


(iii) Granularity 
& bias

(iv) Capacity & 
usability
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EXPANDING DATA USE

FIELD SCHOOLS AND OTHER APPLIED LEARNING OPPORTUNITIES CAN 
SUPPORT INFORMAL EDUCATION, AND BASIC DATA SCIENCE TRAINING 
CAN BE STRENGTHENED IN SECONDARY EDUCATION.

Researchers can use informal and applied educational opportunities to situate 
environmental data collected for one purpose in the context of community needs and 
priorities, as well as build community capacity to access, and use relevant environmental 
data. Field schools and other opportunities for informal experiential learning are common 
in applied research and resource management fields such as agriculture. Farmer Field 
Schools, for example, combine integrated pest management training and co-created 
agricultural experimentation and have been attended by millions of farmers since the 1980s 
(Waddington & White, 2014).

A similar model might be applied to data science training with researchers and communities 
pursuing shared environmental monitoring goals. As Brain Trust participant Dr. Joseph 
Robertson of Mato Ohitika Analytics (LLC) shared, “many people I've talked to in the 
Indigenous communities whom I serve don't want to take out $20,000 in student loans just 
to go to school for something that may or may not be useful. They're looking for [something] 
more like field schools that can train people in specific tasks that the community needs 
through citizen science.” Relatedly, community and citizen science initiatives can avoid 
extractive practices by engaging participants not only in data collection, but also in data use 
and analysis. For example, organizations like CNT have shared resources for community 
organizers on applying geographic information system (GIS) tools in their campaigns.

In the long-term, offering or requiring basic data science training in secondary education 
can equip students with the skill sets needed to work with large and complex datasets 
and to consider how the data they might eventually collect, manage, and share could be 
used beyond their own original intentions. Importantly, as is the case in higher education, 
interdisciplinary curricula grounded in issues important to students and their communities 
can demonstrate how data science can help answer real-world questions in a variety of 
settings, and be useful beyond purely academic or tech careers. Early exposure can also 
sensitize students to the vocabulary of data science, making it easier to find and understand 
others’ datasets in the future. Organizations like The Carpentries, that offer informal training 
targeted at researchers for data management, curation, and computing, could adapt their 
foundational curriculum for younger students. OSTP has signaled a prioritization of equity 
in STEM education and expanding opportunities for historically underserved groups to use 
data. OSTP can support the integration of inclusive data science training into secondary and 
post-secondary education in advising the Biden Administration and Congress, especially 
as a part of its whole-of-government effort to combat climate change and advance 
environmental justice.

OPPORTUNITY #7To address the 
following barriers:

(i) Findability & 
access

https://cnt.org/publications/geographic-information-system-gis-101-toolkit-for-environmental-justice-organizations
https://carpentries.org/
https://www.whitehouse.gov/ostp/news-updates/2021/10/14/the-white-house-office-of-science-and-technology-policy-launches-the-time-is-now-advancing-equity-in-science-and-technology-ideation-challenge/
https://www.whitehouse.gov/ostp/news-updates/2021/10/14/the-white-house-office-of-science-and-technology-policy-launches-the-time-is-now-advancing-equity-in-science-and-technology-ideation-challenge/
https://www.federalregister.gov/documents/2022/09/02/2022-19007/request-for-information-equitable-data-engagement-and-accountability


(iv) Capacity & 
usability
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EXPANDING DATA USE

VISUALIZATION APPS AND OTHER MEDIA COLLABORATIONS CAN OFFER 
MORE ACCESSIBLE DATA INTERPRETATIONS AND ANALYTIC TOOLS, AND 
ENABLE THOSE WITH LESS TECHNICAL EXPERTISE TO PARTICIPATE IN DATA 
USE.

Data visualizations have been increasingly used in journalistic media and online platforms 
to tell stories and make data analysis accessible to broader audiences. Reporters at outlets 
like Grist, for example, frequently employ multimedia approaches to science reporting to 
visualize environmental data analyses. A 2021 story, for example, combined data from 
California’s Geologic Energy Management Division, Department of Education, and Health 
and Human Services department to visualize oil and gas wells’ proximity to medically 
underserved populations in the state. Similarly, ProPublica’s “Sacrifice Zones” project allows 
readers to zoom into industrial air pollution hot spots to see not only their geographic 
locations, but estimated cancer risks over time and the names and locations of nearby 
polluting facilities. These efforts benefit from collaboration or consultation with researchers 
and data-collecting organizations to ensure accurate communication of their analysis. 

The learning curve for understanding environmental datasets, much like learning coding 
languages such as R and Python, can be steep. And not everyone is interested in pursuing 
training opportunities, no matter how accessible they may be. To reach groups like this, 
online applications and widgets can be helpful in translating data analysis commands 
from complex coding languages into simplified point-and-click actions to enable broader 
understanding and application of the results of data analysis. The Stroud Water Research 
Center’s Model My Watershed app, for example, enables users to analyze land and soil 
data to simulate and compare stormwater runoff and water quality scenarios. Researchers, 
organizations, and agencies collecting environmental datasets can use RStudio’s Shiny, 
Python Dash, and several other free and open source packages to create interactive web 
apps to visualize and allow users of varying experience levels to interact with data.

While these tools can offer accessible ways to visualize analytic results, they can only go so 
far in allowing users to ask their own questions. As such, there is a need for roles and spaces 
of interaction (such as the shared spaces and stewards discussed in Opportunities 3 and 4) 
where multi-directional learning can occur between those with analytical and coding skills 
and others with novel questions and and needs.

OPPORTUNITY #8To address the 
following barriers:

(i) Findability & 
access

https://grist.org/project/accountability/wilmington-california-oil-gas-setbacks/
https://www.propublica.org/series/sacrifice-zones
https://wikiwatershed.org/model/
https://shiny.rstudio.com/
https://pypi.org/project/dash/


(ii) 
Interoperability

(iii) Granularity 
& bias

(iv) Capacity & 
usability
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EXPANDING DATA USE

CROWDSOURCING AND OTHER COMMUNITY DATA COLLECTION EFFORTS 
CAN MAKE IT POSSIBLE TO RECORD QUALITATIVE PERCEPTIONS, AS WELL 
AS PHYSICAL CONDITIONS, TO FILL GAPS IN AVAILABLE DATA, PROVIDE 
LOCAL CONTEXT, MAKE COLLECTION MORE ITERATIVE, AND OPEN UP 
ENVIRONMENTAL GOVERNANCE PROCESSES.

Community mapping and social cartography approaches can allow people to contribute 
qualitative information such as their perceptions or experience of pollution and other 
environmental issues (Liebman & Paulston, 1994). The Center for Neighborhood 
Technology’s Urban Flooding Baseline Project, for example, sourced photos from residents 
of South Chicago neighborhoods to document where and how urban flooding impacted 
their daily lives to inform local urban planning departments’ infrastructure projects (see 
next page for a deeper dive into this project). And CREATE Lab’s Smell My City app has been 
launched in places like Pittsburgh and the California Bay Area collecting odor information 
from residents to help identify their sources, which often include petrochemical facilities. 
Importantly, initiatives like this can promote project sustainability, encourage iteration, and 
ensure equitable participation by compensating participating data collectors and involving 
them throughout the data lifecycle, including what is done with data after it has been 
collected, as discussed above in Opportunity 4.

Combining these with other available datasets, like gray infrastructure maps and air 
quality compliance databases, can convey communities’ lived experiences in compelling 
ways. When applied in collaborative planning processes, community organizing, litigation, 
policymaking, or regulatory governance, they can help hold governments and corporations 
accountable to the public. In this regard, visual tools like story maps can be used to connect 
quantitative and qualitative data and communicate data through stories. Several Brain Trust 
participants discussed the benefits of tools like ESRI’s StoryMaps application that enables 
analysts to link GIS data and map layers with narrative text and media like images and 
video. Open alternatives like Mapeo, MapStore, knight lab’s StoryMap, and qgis2web also 
exist and cater to a variety of levels of experience with GIS data and code. 

OPPORTUNITY #9
To address the 

following barriers:

(i) Findability & 
access

https://cnt.org/projects/urban-flooding-baseline-project
https://smellmycity.org/
https://storymaps.arcgis.com/
https://www.digital-democracy.org/mapeo/
https://docs.mapstore.geosolutionsgroup.com/en/latest/user-guide/exploring-stories/
https://storymap.knightlab.com/
https://plugins.qgis.org/plugins/qgis2web/


CASE STUDY: THE CENTER FOR NEIGHBORHOOD 
TECHNOLOGY’S URBAN FLOODING BASELINE PROJECT

Written by Cyatharine Alias

Center for Neighborhood Technology (CNT) provides innovative research, 
tools, and solutions to create sustainable and equitable communities. 
CNT has spent several years exploring the issue of urban flooding in the 
south suburbs of Cook County, Illinois. Urban flooding occurs when rain 
overwhelms drainage systems and waterways in a built and more densely 
populated environment, and makes its way into structures, disrupting 
lives and economic activity. The south suburbs experience more intense 
flooding because of its topography and built environment, and the 
resulting impacts are a great burden on marginalized residents. 

There is no prescribed way of collecting data on urban flooding. CNT 
has analyzed 3-1-1 data (service requests) and insurance claims data, in 
addition to FEMA FIRM maps and other mapped factors to understand 
the risk and extent of flooding. Typically, CNT maps these layers of data, 
calls out significant numbers, and provides high-level findings. CNT took 
a slightly different approach with the urban flooding baseline tool (to 
be published early 2023) because we chose non-planning professionals, 
like residents, as our central audience. With this audience in mind, 
presentation of the data was interwoven with contextual information 
through Mapbox’s storytelling feature. The contextual information 
allowed CNT to inform viewers about the significance of the data layer, 
provide an interpretation of data layers in context of one another, and 
identify the nuances of data. 

Explicitly stating nuances of the data within the data visualization in easily 
accessible language, and not only in the methods document, creates an 
opportunity for data literacy. CNT’s choice to be transparent about the 
data limitations and other resources to consider invites all viewers to 
think critically about the data. The transparency is particularly important 
for residents of marginalized identities within the communities the 
data represents because predominant data collection and data science 
methods often invisibilizes their experiences due to the methods used 
to collect and analyze the data. Transparency invites viewers to consider 
what else about their lived experience might be missing from the data 
and spark questions or ideas on how to fill the gaps, creating future 
opportunities for dialogue, iteration, and knowledge creation.  

In addition to visualization and media collaborations, involving residents 
in the data process from collection to analysis can offer another 
opportunity to make data more accessible. For the urban flooding 
baseline, CNT hired and trained residents to take pictures after storms 
to catalog where standing water occurred on public rights of way. CNT 
wanted to center folks who were most impacted, knew the locality most 
intimately to identify problem areas, and removed a barrier to community 
science that precludes people with lower incomes who do not have the 
time to volunteer. Participation with data collection primes residents 
to relevant datasets because they can lean on their own experiences to 
make sense of the data. 

By making these various choices, CNT hopes to create an accessible entry 
point to the data on urban flooding. 
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Accessible and usable environmental data are critical to address our growing and 
ever-urgent climate and environmental pollution challenges. While gaps in knowledge 
exist, many questions—about environmental phenomena, people’s lived experiences, 
and the effectiveness of governance approaches—can be answered with already-
existing data. In these cases, whether and how data is reused, as well as who is able 
to participate in the process, often comes down to how findable or accessible it is, 
how easy it is to integrate with other datasets, or if it is of sufficient granularity or 
good enough quality (and if not, if there are available avenues for filling in gaps). 
How environmental data and the results of its analysis are applied further depend on 
users’ capacity and access to tools to enable their interpretation.

This brief laid out several opportunities to address these needs, each building on or 
leveraging existing efforts:

1. Federal agencies and legislators can remove paywalls, ease restrictions, and 
invest in data infrastructure to ethically broaden access to public data.

2. With support from federal agencies like OSTP, all levels of government can design 
and encourage the use of data sharing and visitation agreements.

3. Funders and regional hubs can create shared spaces for storing and pointing to 
related environmental datasets to avoid siloing information and build community.

4. Research institutions and networks can leverage data stewards to integrate 
community priorities and perspectives into data collection, management, and 
curation.

5. Research institutions and regulatory agencies can intentionally design and 
document APIs and other digital infrastructure to enable data discovery and 
connection.

6. Data managers from all sectors can share data and metadata in machine-
readable formats, standardize vocabulary, and apply tags to make it easier to 
understand and use data ethically.

7. Research institutions and community organizations can use applied learning 
approaches to support informal data science education.

8. Journalists and community organizations can visualize data to offer more 
accessible interpretations, and technologists can develop tools to enable more 
groups to use and analyze data.

9. Community data collection can be used to fill data gaps, provide local context, 
open up environmental governance processes, and point to different ways of 
examining environmental scenarios.

All levels of government, academics and researchers, technologists, community 
leaders and organizations, journalists, and legal experts have a role to play. With 
contributions and participation from actors representing these diverse sectors, a 
cultural shift toward broadly and ethically reusable data can help us answer our most 
pressing and important environmental questions.

CONCLUSION
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