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Foreword
Environmental protection, regulation, and compliance requires monitoring, whether towards meeting government 
requirements, or in the case of communities and partners, to demonstrate where there are potential environmental 
threats. The physical tools of environmental monitoring are largely proprietary technology, high-cost, and complicated 
to use because of inaccessible documentation or support. Open science hardware (OScH) can be an impactful tool 
for understanding and addressing environmental issues—across the reasons for monitoring—with the prioritization 
of partnership and collaboration between government, technologists, and communities impacted by environmen-
tal issues. Although the research and development of OScH has proliferated, this has largely happened outside of 
formalized monitoring practices. To productively move these spaces closer together, in spring of 2022, the authors 
convened a virtual roundtable centered on open tools for environmental monitoring and decision-making; specifically, 
discussing current trends, identifying the issues, and proposing possible solutions for United States public policy. 
The shared goal was to identify next steps to increase the value and interest of open scientific tools for local, state, 
tribal, and US federal government. 

Conveners
• The Woodrow Wilson International Center for Scholars’ Science and Technology Innovation Program
• Open Environmental Data Project

Workshop Contributors
• Julieta Arancio, Center for Science, Technology & Society, Drexel University
• Greg Austic, Our Sci
• Michelle Cheripka, Open Environmental Data Project
• Kasie Coccaro, National Geographic Society
• Janet Coffey, Gordon and Betty Moore Foundation
• John Dawes, The Commons
• Priyanka deSouza, University of Colorado, Denver
• Tim Dye, TD Environmental Services
• Scott Ensign, Stroud Water Research Center 
• Caitlyn Hall, The University of Arizona
• Mary Clare Hano, US Environmental Protection Agency 
• Ana Hoffman, Community Robotics Education and Technology Empowerment (CREATE) Lab at Carnegie 

Mellon University
• David Lang, Experiment Foundation
• Juan P. Maestre, The University of Texas at Austin
• Corey Mocka, US Environmental Protection Agency
• Luis Felipe Murillo, University of Notre Dame 
• Jef Pearlman, USC Gould Intellectual Property & Technology Law Clinic
• Kelly Poole, The Environmental Council of the States
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• Keith Porcaro, The Digital Governance Design Studio (DGDS) at Duke Law School
• Andrew Putnam, Colorado Department of Public Health and Environment
• Ashley Schuett, The Wilson Center
• Shah Selbe, FieldKit
• Meghan Smart, Arizona Department of Environmental Quality
• Julie Vastine, Dickinson College’s Alliance for Aquatic Resource Monitoring
• Emelia Williams, Open Environmental Data Project
• Dana Williamson, Environmental Health Fellow hosted at the United States Environmental Protection Agency

Following the discussion, participants and others were invited to author short contributions to a curated collec-
tion of posts describing the opportunities and challenges in this new era of environmental information (Dosema-
gen et al., 2022). These posts, listed below, help us better align and understand the co-existing opportunities and 
challenges faced by the policy-making community and developers and users of open hardware from across a broad 
array of disciplines.

• Open science hardware for environmental monitoring, Shannon Dosemagen, Alison Parker, Katie Hoeber-
ling, Ashley Schuett

• Open data and open hardware: Tools for collaborative solutions to water challenges, Scott H. Ensign
• Opening your science with community engagement, Caitlyn A. Hall
• Valuing work “on the ground”: Making the hidden work visible in open hardware, Julieta Arancio
• Sustaining community cohesion and enthusiasm with a cadence of “sparks” and social activities, Brianna 

Johns and Pen-Yuan Hsing
• Circumventing silos in open hardware to create opportunities for interconnection, shared agendas, and 

collective resources, Ashley Schuett, Juan Pedro Maestre, and Katie Hoeberling
• A holistic approach: Intentional planning to set community data collection programs up for success,  

Julie Vastine
• The need for open technology standards for environmental monitoring, Shannon Dosemagen and Luis 

Felipe Murillo
• Beyond Access: Broadening the role of open science hardware in environmental monitoring innovations, 

Shannon Dosemagen and Alison Parker

This publication is a reflection and compilation of the ideas of workshop participants and Medium articles. Many of 
the ideas presented in the articles are further explored here.
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Image source: VectorMine / Shutterstock, all rights reserved

Introduction
Environmental protection is at an inflection point as environmental challenges grow more intractable and complex. 
Climate change is no longer a distant threat but for many, a present reality; environmental injustice permeates environ-
mental monitoring and decision-making; and, there are major gaps in baseline data for environmental quality and health 
throughout the US and the world. At the same time, expertise and innovation are growing too. Meeting our environ-
mental challenges requires a shift in perspective; we can no longer rely solely on top-down policies and programs to 
address environmental challenges. Instead, governments must harness ingenuity and expertise in all sectors of civil 
society, and channel it toward efforts that can have collective impact. The best way to do this is by creating the infrastruc-
ture and capacity for open science. Within this approach, there is a clear role for open science hardware (OScH), which 
encompasses tools and equipment for science that can be designed, obtained, assembled, used, studied, modified, 
shared, and sold by anyone (Open Source Hardware Association, n.d.). 

https://www.shutterstock.com/catalog/collections/3094851868443018390-54ae2e0dbe66fb83ae1679da22e8ceb4c39a1d65d7de0372643e03453a09cb32
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Promising recent actions are getting us part of the way there. Recent 
legislation has opened up substantial resources for science and for 
environmental monitoring. Importantly, this legislation supports 
community involvement in environmental monitoring and directs some 
capacity and funding toward communities partnering with non-profit and 
government institutions at the national, state, local, and tribal level. For 
example, the American Rescue Plan (ARP) attributes $100 million to 
the US Environmental Protection Agency (US EPA) to address health 
outcome disparities from pollution and COVID-19, and the Inflation 
Reduction Act (IRA) allocates $30 million to a grant competition for 
community air monitoring projects (Inflation Reduction Act, 2022). The 
Justice40 Executive Order requires that 40% of government invest-
ment flows to “disadvantaged communities that have been marginal-
ized, underserved, and overburdened by pollution,” including enhancing 
environmental monitoring. 

However, although this influx of resources is both necessary and benefi-
cial, the legislation primarily serves to build capacity for independent 
efforts. Examples include the deployment of 40 low-cost air quality 
sensors in East Las Vegas, the use of data collected from low-cost 
particulate matter 2.5 (PM2.5) sensors by the Confederated Tribes of the 
Colville Reservation in north-central eastern Washington, and tracking 
pollutants in real-time from petrochemical industries in the Ohio River 
Valley (US EPA, n.d. -a). These efforts will have a local impact in the 
communities. However, the use of proprietary tools limits the possibility 
of reusing and amplifying the efforts of communities in other locations. 

The Biden Administration’s Office of Science and Technology Policy 
(OSTP) and US federal funding agencies have declared 2023 the Year 
of Open Science (OSTP, 2023). Following their lead, now is the time to 
direct agency resources to build an infrastructure of science to allow 
all kinds of institutions, organizations, communities, and individuals to 
contribute to environmental monitoring and protection in a way that 
builds upon each of their efforts. The infrastructure of open science 
should be a priority for all new federal legislation and initiatives that 
support environmental monitoring. More specifically, prioritizing OScH 
will generate tools and resources that build collective capacity for 
environmental monitoring and improvement, within government insti-
tutions and more importantly, in all sectors.

Open Science 
Hardware
The vast majority of physical 
tools used for science, or 
science hardware, are 
proprietary, meaning 
that they cannot be fully 
inspected or customized, and 
are expensive to procure 
and maintain. This includes 
standard lab equipment 
like microscopes, as well 
as auxiliary materials like 
sensors and both analog 
and digital electronic 
components. In contrast to 
proprietary hardware, OScH 
is an alternative approach 
to the creation and use of 
scientific instrumentation 
and tools (Gathering for 
Open Science Hardware, 
n.d.). OScH is encompassed 
by open hardware (or open 
source hardware), tangible 
artifacts—machines, devices, 
or other physical things—
whose design has been 
released to the public in such 
a way that anyone can make, 
modify, distribute, and use 
those things (Open Source 
Hardware Association, n.d.).

https://www.whitehouse.gov/american-rescue-plan/#:~:text=The%20American%20Rescue%20Plan%20will,need%20to%20keep%20workers%20safe.
https://www.epa.gov/arp/about-epas-american-rescue-plan-arp-funding
https://www.epa.gov/newsreleases/epa-opens-20-million-grant-competition-community-air-pollution-monitoring
https://www.whitehouse.gov/environmentaljustice/justice40/


Image source: GoodStudio / Shutterstock, all rights reserved
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Background
Environmental monitoring has been a key module in OScH since even before the concept of open hardware 
came into its own. For instance, the bucket air monitoring tool was created in 1995 as a low-cost alterna-
tive to the summa canister used by the EPA (Ottinger & Dosemagen, 2020; US EPA, 1995). Communities 
were able to follow instructions provided by environmental “intermediary” organizations, such as the 
now-defunct Global Community Monitor, to source parts and compile bucket monitoring tools. However, 
the bucket was not formally documented as an open source tool until 2020. 

2008-2012 was generally an important time for the development of collaborative and open practices that 
focused on the engagement of citizens and residents as critical members of civic spaces. Communities 
and organizations such as Public Lab, SafeCast, and OpenROV captured this spirit by applying the tools 
of open science—including OScH—toward working with communities on monitoring their environments. 

These early projects captured, and yet were also bounded by; ideas in critical making (Wylie et al., 2014), 
participation as an ultimate right (United Nations Human Rights: Office of the High Commissioner, 2020), 
and play as a necessitating factor in understanding the relationship of people to place (Breen et al., 2019). 

OScH in environmental monitoring continued to grow over the years with more open communities coming 
together and also new independent environmental monitoring projects (e.g. FieldKit). 

As OScH opportunities continue to grow in civil society, the US government has not promoted the unique 
benefits of OScH. Instead OScH is included with low-cost tools as applicable to community monitoring for 
the purposes of education, organizing and interacting with media (National Advisory Council for Environ-
mental Policy and Technology, 2016). 

In 2023, with the launch of the “Year of Open Science”, we argue that OScH has distinct benefits beyond 
low-cost tools, and that the value and promise of open hardware goes far beyond community monitoring 
(OSTP, 2023). OScH has also created impactful strides in research, including CERN’s work on data acquisi-
tion systems, open source microscopy, open agriculture, and conservation, and can be a model for environ-
mental monitoring and climate and energy solutions (Heikkinen et al., 2020). 

https://www.shutterstock.com/image-vector/vector-horizontal-line-art-illustration-eco-1848477754
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“Transparency is essential to build trust in air sensor data, which is a challenging issue for many sensor developers 

where algorithms applied are valuable intellectual property. This limitation may be overcome through the provision 

of unprocessed, original sensor data output, allowing scientists to develop and openly document independent 

algorithms. Secondarily, trust in the processed data would be increased if developers share which parameters 

are incorporated in post processing, communicate when algorithms are updated, and show the comparison of 

unadjusted and adjusted data.”  (Hagler et al., 2018)

The Unique Benefits of Open Science Hardware
Environmental monitoring relies on scientific instrumentation to monitor air, water, and soil quality; including sensors 
and samplers that measure pollutants, microscopes for identifying contaminants, probes and data loggers, automatic 
pipettors and analyzers, among others. 

Alongside the development of OScH in a variety of scientific fields and for different purposes, other initiatives (low 
cost and DIY/Maker as described below), are working toward making environmental monitoring more accessible. 
However, as described in Beyond Access: Broadening the role of OScH in environmental monitoring innovations, the 
unique features of OScH include, but also go beyond, broadening access and participation (Dosemagen & Parker, 2022).

Low-Cost Tools
For example, increasingly more low-cost environmental sensors are now available and are changing the way that regula-
tory agencies and the public interact with environmental data. More and different data can be collected, including by 
individuals with no formal training in environmental monitoring. In air quality research particularly, low-cost sensors can 
provide data of sufficient value on local patterns and changes in air quality for different uses (Gabrys et al., 2016). Simul-
taneously, large datasets can produce high-resolution air quality maps, ground truth other datasets, and may close gaps 
in coverage. Low-cost air quality sensors are generating significant interest in the public and within regulatory agencies, 
and inspiring questions about how low-cost sensors may contribute to regulatory decisions. For example, questions 
from state and local agencies prompted the US EPA to contribute to research on sensor performance and recognize the 
need to respond to non-regulatory data such as that provided by low-cost air quality sensors (US EPA, 2020). 

However, the vast majority of these low-cost sensors are proprietary, and most do not generate open data. Even when 
data are available to the public, most air sensor manufacturers apply some kind of data adjustment method to the raw 
data produced by the sensors. This improves data quality, but the manufacturers rarely, if ever, share the methods 
used to clean and process data (Hagler et al., 2018). For example, Jaffe et al. (2023) report that “The Plantower sensor 
reports PM mass concentrations…presumably based on the pulse height of the scattered radiation, although the exact 
procedure is not documented by Purple Air.”

This is a missed opportunity. By obscuring openness in the tools used for data collection, the use of proprietary tools 
creates transparency issues for more than the tools themselves; it creates a lack of transparency along the entire 
toolchain, including the software, data, and research products that result. 
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Purple Air
As one example of a particularly impactful low-cost air sensor, Purple Air sensors are used to measure partic-
ulate matter, an air pollutant harmful to human and environmental health. The tool was developed in 2015, 
when the tool developer wanted to locally monitor particulate matter near his house, an area that was not 
covered by EPA sensors (Bowles, 2018). Starting as a “backyard” project, by April 2022 there were more 
than 30,000 Purple Air sensors deployed whose data is uploaded in real time to their publicly available air 
quality map. Purple Air is low cost and has generated attention for its relatively high accuracy and precision 
(US EPA, n.d. -b). Citizen and community scientists use Purple Air sensors, such as the AirKeeper Program 
and Concerned Ohio River Residents (Raheja et al., 2022), to understand the air quality in their regions and 
advocate for better conditions. At the federal level, National Aeronautic and Space Administration (NASA)’s 
Air Quality Citizen Science project uses Purple Air sensors to validate satellite measurements for aerosols 
(Doraiswamy, n.d.). The US EPA, in partnership with the US Forest Service as well as state, tribal, and local 
air monitoring groups has come up with a correction method for Purple Air sensor data and included this 
data on their AirNow Fire and Smoke Map. 

Purple Air is an example of a proprietary sensor. Proprietary low-cost sensors are affordable for many people, 
including many outside traditional science institutions. At the same time, there are limitations with propri-
etary air quality sensors that can be avoided. Only the companies that hold intellectual property rights may 
create and manufacture the sensors, they cannot be easily modified and customized for specific purposes 
and environments, and the data they generate is not easily reproducible. Any public investment in propri-
etary sensors, such as by environmental agencies and other government institutions, benefits the company 
and the specific users of the sensors and their data, but may not contribute to a “commons” of scientific 
tools and approaches as we might expect from public funding. 

For truly impactful and collaborative environmental monitoring on air quality, we need sensors that are 
low-cost, accurate, precise, and open source.

Do-it-Yourself (DIY) and Maker Tools 
Another distinct category of tools are DIY tools for environmental monitoring. Gaining in popularity alongside the 
maker movement, these tools can be constructed using easily accessible materials and community fabrication facil-
ities, such as makerspaces, hackerspaces, and Fablabs that often house digital fabrication tools such as 3D printers 
and laser cutters. For example, the US EPA published instructions for building the AirMapper, an air sensor for measur-
ing carbon dioxide and particulate matter. Publications like Make Magazine share tools like a water sensor you can 
hear (Platt, 2019). These tools provide the opportunity to better understand the engineering, science, and technology 
involved in air and water quality monitoring. 

https://www2.purpleair.com/blogs/blog-home/how-a-simple-question-grew-into-purpleair
https://map.purpleair.com/1/mAQI/a10/p604800/cC0#1.11/-7.3/-57.1
https://cleanairenc.org/how-we-do-it/citizen-science/
https://www.epa.gov/sciencematters/epa-research-improves-air-quality-information-public-airnow-fire-and-smoke-map
https://fire.airnow.gov/
https://makerfaire.com/maker-movement/
https://fabfoundation.org/getting-started/#fablabs-full
https://www.epa.gov/sciencematters/diy-air-sensor-now-available-use-educators-and-citizen-scientists
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Designers and users of DIY and maker tools prioritize accessibility, designing and making tools as easy to build and 
inexpensive as possible, using the most accessible materials. These tools are generally perceived as great oppor-
tunities for education or public engagement, but are often not considered useful for environmental monitoring or 
decision-making. They sometimes use proprietary components and do not necessarily license designs with open 
licenses, limiting the benefits of tools and approaches to those creating and using them directly. 

The Compounding Benefits of Open Science Hardware 
With benefits beyond low-cost, DIY, and maker tools, OScH should be considered an essential part of the infra-
structure of open science (Murillo, 2021). OScH is often much less expensive than traditional monitoring equip-
ment, making it more affordable and accessible for work within and outside traditional scientific institutions. In 
addition to being cost-effective and accessible, OScH goes further by building a scientific infrastructure that is 
replicable, modular, and customizable. OScH supports greater reproducibility in that available blueprints and plans 
for tools allow scientists and others to replicate studies. Moreover, the collaborative nature of OScH allows users 
to adapt tools to their local circumstances and add new features easily, sharing this knowledge back for others to 
reuse. As a result, the return on investment for open tools is many times that of proprietary instrumentation; small 
investments in just one tool or approach builds capacity across the entire scientific enterprise and supports the 
development of infrastructure to support all science and all scientists (Pearce, 2020). It supports an ecosystem of 
approaches that allows all kinds of experts to contribute to solving environmental problems, rather than reinvent-
ing the wheel each time. 

With advances and growth in the open science community, OScH can be put to use in a plethora of circumstances 
in the environmental sector. Current tools can be used for a range of monitoring and measurement purposes, such 
as EnviroDIY’s Mayfly, a data logger used for water measurements, FloodNet, which measures street flooding, 
and FieldKit, which currently features both a water and weather sensing kit. These tools and others offer additional 
promise with adequate investment, including in the energy sector. For example OSE for Consumer and Academic 
Scale Renewable Energy Adoption will create an open source ecosystem that increases the adoption of renewable 
energy technologies in the academic and consumer sectors, including hardware.

SenseCAP K1100 - Sensor Prototype Kit with LoRa 
and AI Supports SenseCraft is a plug and play kit that 
allows users to create DIY sensors for data collec-
tion. Because it has low-power, long-distance, and 
long-term data collection capabilities, it is ideal for 
remote sensing. It has been deployed to measure 
weather data in parks, for smart agriculture appli-
cations, algae bloom monitoring, mosquito growth 
monitoring, among other applications. 

Image source: Seeed Studio, all rights reserved. 

https://www.envirodiy.org/
https://www.floodnet.nyc/
https://www.fieldkit.org/
https://nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://www.seeedstudio.com/Seeed-Studio-LoRaWAN-Dev-Kit-p-5370.html?queryID=074ed858210108def847e613a0fc05fb&objectID=5370&indexName=bazaar_retailer_products
https://www.seeedstudio.com/Seeed-Studio-LoRaWAN-Dev-Kit-p-5370.html?queryID=074ed858210108def847e613a0fc05fb&objectID=5370&indexName=bazaar_retailer_products
https://www.seeedstudio.com/Seeed-Studio-LoRaWAN-Dev-Kit-p-5370.html?queryID=074ed858210108def847e613a0fc05fb&objectID=5370&indexName=bazaar_retailer_products
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FloodNet is a network of low-cost, open source 
sensors used to detect street water levels during 
flooding events. The network, which was devel-
oped in 2020 through collaborations between 
academic researchers, the New York City govern-
ment, and grassroots communities, will provide 
local data on the frequency, severity, and impacts 
of flooding. Currently, 31 out of the 500 sensors 
have been deployed in neighborhoods prone to 
flooding (Misdary, 2023). The real-time, publicly-ac-
cessible data can be used for a variety of appli-
cations including improving flood predictions, 
resilience planning, and disaster response. 

Image source: FloodNet, all rights reserved.

FieldKit is an open source or DIY hardware 
for environmental sensing that includes data 
visualization and analysis software as well as a 
community forum. FieldKit currently features a 
water sensing kit that measures pH, conductiv-
ity, dissolved oxygen, and water temperature as 
well as a weather sensing kit that measures wind 
speed, direction, rainfall, air temperature, humid-
ity, and barometric pressure. They plan to bring an 
air quality sensing kit to market soon. 

Image source: Image by FieldKit is licensed under CC 
BY-NC 4.0.

Prioritizing OScH will result in an open library of tools for environmental monitoring that are replicable, customiz-
able, and, in some cases, inexpensive. Beyond that, prioritizing OScH would create, alongside the tools themselves, 
an ecosystem of open toolchains to enable interoperability and accessibility in environmental monitoring. Recently, 
agencies like the National Science Foundation (NSF) and the US EPA have supported the development of open 
source software, open data systems, and open access to scientific information in general. However, they largely 
omit OScH. OScH cannot be separated from open source software and open data, each of which brings a return on 
investment well beyond each individual project, tool, and system. At the same time, the impact of current invest-
ments in open source software and open data will expand with an ecosystem approach to open tools that includes 
hardware (Dosemagen & Murillo, 2022). Prioritizing OScH as an integral part of open science, and encouraging the 
use of OScH in federally-funded projects would support more meaningful collaboration, reduce project duplication, 
and foster innovation for scaled impact. 

https://www.floodnet.nyc
https://www.fieldkit.org/
https://www.fieldkit.org/wp-content/uploads/2020/07/DSC4399_edit2_2000.jpg
https://www.fieldkit.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://beta.nsf.gov/funding/opportunities/pathways-enable-open-source-ecosystems-pose
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Open Hardware is an Opportunity to Build Better Science
The 2021 policy brief Open Hardware: An Opportunity to Build Better Science offers a value proposition 
for prioritizing open hardware in a national science strategy (Parker et al., 2021). The brief outlines the key 
benefits of open hardware, including that open hardware yields a high return on investment and reduces 
the cost of research, links science and society, supports better and more accessible STEM education, and 
builds capacity for innovative manufacturing.

Prioritizing OScH and an ecosystem of open tools and practices directly supports the missions of agencies that 
engage in environmental monitoring, research, and regulations, and will have massive return on investment. As the 
implementation of recent legislation and investment in science infrastructure continues over the next several years, 
agencies should incentivize or require the creation, use, documentation, and dissemination of open tools, alongside 
open source software and open data. The result will be a library of tools for affordable, replicable, and customizable 
use; the foundation of a scientific infrastructure that can support more and better environmental monitoring; and most 
importantly, an engaged network of experts, communities and institutions across all sectors of civil society building 
and innovating on existing work (Dosemagen & Parker, 2022).

To do this, we offer an overarching recommendation: that environmental agencies, other government institutions, and 
funders prioritize OScH for environmental monitoring, including 1) directly supporting the development of OScH, 2) 
using OScH, and 3) incentivizing others’ use of OScH.

With these advances in technology, OScH can support the US government in meeting goals of programs such as 
Justice40, by expanding access to the tools needed to localize environmental and climate solutions. As US federal 
agencies herald 2023 as a focused “Year of Open Science,” OScH and its role in enhancing environmental and climate 
monitoring and solutions should be front and center as a place of promise (OSTP, 2023). 

AudioMoth is a low-cost, open source acoustic 
logger used to monitor wildlife. Due to the modular-
ity of the device, it has been used for many applica-
tions ranging from detecting the presence of insect 
species, tracking illegal hunting activities, and even 
underwater monitoring.

Image source: Andy Hill, all rights reserved.

https://www.openacousticdevices.info/audiomoth
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NSF’s POSE program Phase I funded a project titled 
“OSE for Consumer and Academic Scale Renew-
able Energy Adoption.” The project plans to create an 
open source ecosystem that increases the adoption 
of renewable energy technologies in the academic 
and consumer sectors. The project will include open 
source software, hardware, and data that can be 
used to “control, connect, and modify renewable 
systems.” By enabling increased adoption, this 
project hopes to help the US gain energy indepen-
dence and reduce greenhouse gasses. 

Image source: Walmart de Mexico renewable wind energy 
by Walmart is licensed under CC BY 2.0.

Born out of the founder’s desire to learn more 
about caves and aquifers, the Cave Pearl Project is 
an arduino-based data logger that can be used for 
a wide variety of environmental monitoring appli-
cations. Currently, there are over 100 of these data 
loggers installed across the world. They monitor 
surface weather, underground drip, micro-climate 
recorders, water level, borehole pressure, and 
more.  

Image source: Figure 11 by Patricia A. Beddows and Edward 
K. Mallon is licensed under CC BY 4.0.

Rodeostat: A low-cost, open source potentiostat 
which uses electrochemical reactions to detect 
levels of contaminants in water. For example, this 
tool was used in Mexico to detect arsenic contam-
ination in groundwater. 

Image source: Image by Rodeostat is licensed under CC 
BY 4.0

https://new.nsf.gov/funding/opportunities/pathways-enable-open-source-ecosystems-pose
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2228959&HistoricalAwards=false
https://www.flickr.com/photos/50128414@N05/5258890040
https://www.flickr.com/photos/walmartcorporate/
https://creativecommons.org/licenses/by/2.0/
https://thecavepearlproject.org
https://www.mdpi.com/sensors/sensors-18-00530/article_deploy/html/images/sensors-18-00530-g011.png
https://www.mdpi.com/1424-8220/18/2/530
https://www.mdpi.com/1424-8220/18/2/530
https://creativecommons.org/licenses/by/4.0/
https://iorodeo.com/products/rodeostat
https://cdn.shopify.com/s/files/1/1091/6464/products/enclosure_18.png?v=1663020723
https://blog.iorodeo.com/rodeostat-product-guide/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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The ARP Enhanced Air Quality Monitoring Competitive Grants
The ARP attributed $100 million to the EPA to address health outcome disparities from pollution and COVID-
19. Fifty percent of these funds went to air quality monitoring. This funded a $20 million grant competition 
for community air monitoring projects, directly provided $22.5 million to agencies at the state, tribal, and 
local level for PM2.5 monitoring, and provided $5 million to agency mobile labs or air sensor loan programs 
for equipment. Similarly, Congress passed the IRA to help fight inflation, reduce deficit, increase investment 
in domestic energy production, and reduce carbon emissions. Within the IRA, $30 million was allocated to a 
grant competition for community air monitoring projects. 

Funded by both ARP and IRA, the ARP Enhanced Air Quality Monitoring Competitive Grants are funding 
132 air monitoring projects in 37 states, nearly half of the projects led by community based organizations 
or non-profits. For example:

Buen Aire Para Todos is a project aimed to improve the air quality monitoring capabilities in East Las Vegas, a 
primarily Hispanic, low-income area that is disproportionately impacted by air pollution. Funding from the EPA 
will support the deployment of 40 sensors, which includes 10 Purple Air sensors, that will monitor outdoor, 
indoor, and mobile air quality. The project will also include data sharing, outreach, and education components 
to help the community better understand the air quality issues in their community.

PM2.5 Monitoring for Upper Columbia River Communities is a project carried out by the Confederated Tribes 
of the Colville Reservation in north-central eastern Washington. This project plans to install 52 Purple Air 
PM2.5 sensors to help residents understand their exposure to air quality pollution during smoke season. 
Through community engagement and data dissemination, residents can use the data collected from their 
sensors to inform their activities during times of high pollution. 

FracTracker Alliance is a community organization in the Ohio River Valley that uses low-cost monitors to track 
pollutants in real-time from unconventional oil and gas developments and petrochemical industries in the 
region. EPA funding for their project “Community-Based Ambient Air Monitoring to Evaluate Criteria Pollut-
ants and Air Toxics Related to Unconventional Oil and Gas Development in the Ohio River Valley” will help 
this group expand on their community science efforts to additional regions in the valley, providing further 
opportunities for increased community participation in improving air quality.

The EnviroDIY Mayfly takes real time measure-
ments of water temperature, depth, conductivity, 
and turbidity. It can be built open source or also 
purchased and assembled as a DIY kit. 

Image source: Image by EnviroDIY_Mayfly_Logger is 
licensed under CC-BY-SA

https://www.epa.gov/newsreleases/epa-opens-20-million-grant-competition-community-air-pollution-monitoring
https://www.epa.gov/arp/direct-awards-arp-enhanced-air-quality-monitoring
https://www.dri.edu/new-air-quality-monitoring-system-for-latinx-community-in-east-las-vegas/
https://www.cct-enr.com/ucr-air-quality#
https://www.cct-enr.com/ucr-air-quality#
https://www.fractracker.org/2022/11/fractracker-receives-two-federal-grants-to-support-community-air-monitoring-initiatives-in-the-ohio-river-valley/
https://www.envirodiy.org
https://github.com/EnviroDIY/EnviroDIY_Mayfly_Logger/blob/master/doc/images/mayfly0.3_sideview_right.jpg
https://github.com/EnviroDIY/EnviroDIY_Mayfly_Logger 
https://creativecommons.org/licenses/by-sa/4.0/
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Potential for Impact: Strategies for integrating OScH as a core compo-
nent of environmental monitoring
OScH tools could have transformational impacts on environmental monitoring. Progress, however, has been limited 
mostly to efforts outside government, as academia, NGOs, and entrepreneurs push the boundaries of innovative 
and accessible tools. For OScH’s potential to be fully realized, policymakers and regulators at all levels must recon-
sider how they assess tools for science and the data they provide.

Ultimately OScH communities need to prioritize building trust between sectors to tackle challenges and act on oppor-
tunities in environmental monitoring. Work by government, community-based organizations and nonprofits, research-
ers, and industry tends to happen in relative isolation. As Ashley Schuett, Juan Pedro Maestre, and Katie Hoeberling 
discuss in Circumventing silos in open hardware to create opportunities for interconnection, shared agendas, and 
collective resources, siloes between these sectors have led to duplicated efforts, stalled progress, and distrust 
(Schuett, Maestre, & Hoeberling, 2022). On the one hand, there is skepticism from communities that have historically 
been harmed or underserved by the government, scientific institutions, or industry. On the other hand, R&D spaces 
in industry and government lack confidence in the quality of OScH (as well as low-cost and DIY/Maker tools) and the 
data it provides. Opportunities for collaboration in environmental monitoring that prioritize openness through OScH 
can help work through these tensions to meet the needs of all sectors. Furthermore, the process of collaborating and 
learning together creates opportunities for expanding understanding and collective knowledge.

The roundtable identified two key areas for supporting collaboration and building trust in the OScH and environmental 
monitoring ecosystems: The tools and data, and the culture of environmental monitoring .

The Tools and Data
OScH is a key but overlooked component of the broader open science landscape. Clearly identifying the role of 
OScH in open science policy and practice has the potential to broadly support more inclusive, equitable, and agile 
science and technology innovation in the US Beyond serving as important physical tools for conducting environmen-
tal research, there is a place for OScH as part of environmental R&D’s critical infrastructure (Murillo, 2021). To ensure 
the place of OScH in broader open science ecosystems, multi-sector attention is needed to make strong, clear, and 
well-resourced connections to OScH. 

Holistic Approaches: Software in Tandem with Hardware, the Life and Afterlife of Data, 
and Intentional Planning

Recent attention to open data and open source software has centered on making these digital objects more accessi-
ble and usable; however, initiatives tend to focus on one aspect of the open data lifecycle without considering other 
essential elements like open infrastructure and hardware. This creates additional challenges for open environmental 
data, such as not providing enough context to enable understanding, ensuring privacy, sharing data in broadly usable 
formats, and supporting data integration and reuse to answer new questions. With intentional planning and consid-
eration of sustainability, interoperability, and usability, we can broaden efforts to focus on the entire lifecycle of data; 
from collection, to storage, to reusability. Efforts to modernize data and software systems can leverage and strengthen 
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innovation by including OScH, as well as supporting connections, learning, and collaboration between open software, 
data, and hardware communities.

Standardizing Resources: Hardware, Software, Data, and Interpretation

Standards serve not only to facilitate connections between technical objects, but also to facilitate community build-
ing. As Dosemagen & Murillo (2022) discuss in The need for open technology standards for environmental monitor-
ing, the process of standardizing hardware, software, analytical tools, and data can bring experts together to address 
and avoid “1) overlapping and redundant research projects (due to the lack of data sharing); 2) waste of resources 
on tools that cannot be improved (due to the closed nature of research instruments); and 3) lack of expertise in Free 
and Open Source Software (FOSS) tools (given the prevalence of proprietary scientific libraries in certain domains of 
scientific practice).” Leveraging standardization processes in environmental monitoring, federal, and open hardware 
communities can strengthen connections between these communities, communicate data needs, capacities, and 
contexts, and translate technical terms. For example, the co-creation of OScH certification systems could provide 
standard documentation useful for developers, researchers, and decision-makers alike. 

Coming Together on Tool Evaluation and Quality Assurance/Quality Control (QA/QC) 

OScH is usually developed to meet the needs of specific projects, but as the projects grow and gain interest, so do 
opportunities to build and modify tools to serve additional needs, growing their impact for environmental monitoring. 
However, despite the potential for use in research and decision-making, they do not easily fit into institutional approaches 
for tool evaluation and QA/QC. As Vastine (2022) notes in A holistic approach: Intentional planning to set community 
data collection programs up for success, it is essential that planning, study design, and QA/QC get significant attention 
at the outset of any data collection effort. Regulations are designed to use proprietary technologies for compliance and 
enforcement decisions, and, at the same time, tool developers and users struggle to understand how agencies and 
other institutions approach tool evaluation. There is a need for knowledge sharing and collaborative problem-solving to 
overcome these barriers in communication; cross-sector programs and communities of practice can meet this need 
and support the integration of OScH in environmental monitoring. Increased investment in OScH can also support more 
thorough and transparent OScH documentation practices. Such transparency can make it easier to assess the quality 
of openly-designed and fabricated tools and the data they produce to meet government standards. 

Accessible and Usable Data

Resources are increasingly being funneled into collecting environmental data and opening environmental datasets. 
For example, the White House released guidelines and EPA released several funding opportunities that support 
community environmental monitoring, and Creative Commons recently launched a four-year Open Climate campaign. 
However, less support is focusing directly on the broader understandability, usability, and interoperability of this 
data, both in its original intent and its reuse and interpretation by other researchers, communities, and data users. 
Much like open source and well-documented OScH, open data shared with reusability in mind can enable more 
diverse applications and reduce duplicated collection efforts. By considering the diverse applications of data and 
developing social and digital infrastructure to enable these, institutions can make environmental data much more 
broadly usable beyond its original purpose. For example, agencies and organizations could employ stewards to 

https://www.epa.gov/environmentaljustice/environmental-justice-grants-funding-and-technical-assistance
https://openclimatecampaign.org/
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curate open data and manage metadata, integrating documentation and information from QA/QC processes. They 
could also support data seekers in finding data or the proper OScH tools to collect it. For example, Ensign (2022) 
mentions in Open Data and Open Hardware: Tools for Collaborative Solutions to Water Challenges that federal 
support is needed to support technical service providers who can maintain water data’s quality and accessibility 
in order to enable impact. 

The Year of Open Science presents opportunities to strengthen connections between OScH, the broader open science 
ecosystem, and environmental monitoring projects, people, and resources (OSTP, 2023). A socially- and digitally-net-
worked environmental monitoring landscape can leverage collective expertise and goals to collectively address 
technical challenges and build common resources. Although recognizing the value of cooperation and collaboration 
in competitive landscapes and capitalist economies can be a challenge, shared agendas and clearly articulated needs 
and opportunities can set a foundation for mutual and broadly accessible benefits.

The Culture of Environmental Monitoring
Beyond increased monitoring and available technology, as promised by recent investments in environmental monitor-
ing like those in the ARP, culture change—through new labor and institutional practices—can foster broader impacts 
of this work. Right now, conditions are conducive to cultural and institutional change; in addition to significant invest-
ment, the US labor force is primed to think differently about work processes in light of experiences during the COVID-
19 pandemic. 

Rethink Funding for Scale

Philanthropic contributions to OScH in the environmental space have largely been piecemeal and project-oriented, 
resulting in tools that do not scale or lack resources for long-term maintenance and adaptation. These projects are 
increasingly entering stages of maturity where more sustained support could significantly bolster impacts in environ-
mental monitoring. Philanthropic organizations could ensure longevity of OScH tools and communities through strat-
egizing together about how to best support the maintenance of impactful work, community-building, and coalitions 
of innovators to support more meaningful collaboration, reduce project duplication, and foster innovation for broad 
scale impact. Additionally, the Year of Open Science creates an opportunity for federal agencies to further explore 
ways to adopt open practices and tools into their operations.

Technology and Innovation Outpace the Speed of Government Processes 

It has never been easier or cheaper to build or modify scientific tools, but challenges related to the use of open tools 
and their data limit their adaptability; this can slow the pace of innovation or limit it to private companies who lack 
accountability to communities. Often the use of tools and their data falls within the control of environmental agencies 
and other government actors, but new tools and new approaches to environmental monitoring do not easily fit into 
current government processes. Prioritizing OScH and open source software in procurement and granting processes 
can make these tools more widely accessible, enabling more people outside of government and technology compa-
nies to understand and improve on them. It also allows for improved documentation of OScH so that they are able to 
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meet the quality standards set by the government. 

The Complexity of Contracting

Current contracting and procurement practices in agencies like the US EPA are complex, time-intensive, and difficult 
for anyone to navigate, let alone developers or users of OScH, who tend to be individuals or small organizations. 
These processes tend to default to private and proprietary technology; this is because contracting processes can 
be opaque, based on hidden regulatory information such as cost codes and minimum procurement standards held 
by highly specialized staff, and are informed by agency “Requests for Information,” which tend to be submitted 
by corporations with the resources to best respond. If agencies are to meaningfully engage with open science 
and encourage the development, use, and improvement of OScH, both contracting processes and the culture 
that surrounds them must shift toward openness. Defaulting open can make it easier for agencies or contractors 
to collaborate, and for members of the public to assess and build on their tools, making room for improvements 
(e.g., De-risking Government Technology) (General Services Administration, 2020). There is precedence for this in 
how agencies have shifted (and continue to shift) in procuring and encouraging the use of open source software 
products. For example, the developers of FarmOS have been commissioned to write recommendations for the 
United States Department of Agriculture (USDA) about prioritizing FOSS in systems that will collect and store data 
for research and grant reporting.

Considering Labor Towards Sustainability: Valuing Work “On the Ground,” Re-
Considering the Meaning of Expertise 

While participatory approaches to science have historically been considered by government agencies to be mecha-
nisms for outreach, environmental monitoring, especially of one’s own community, is a form of labor that requires 
adequate resources, as described by Arancio (2022) in Valuing work on the ground: Making the hidden work visible 
in open hardware. If community monitoring efforts are to have meaningful impact, agencies like the EPA must value 
this labor as more than just outreach and engagement. There should be a continued focus on rethinking forms of 
expertise that are utilized in creating open communities of practice that feed into and contribute tools and solutions 
for environmental monitoring and decision-making. Although it is attractive to fund new projects and collaborations, 
an equal (if not greater) emphasis should be placed on the sustainability and maintenance of projects and teams. 
The physicality of OScH presents unique opportunities to observe the types of labor—from technical development 
to community building to marketing and operations—and the places where this labor is prioritized or overlooked. 
Coupled with a clear connection to the broader open science ecosystem, OScH is an exciting case to implement 
and test new models for valuing and assessing labor involvement in ways that can lead to stronger collaboration 
and coordination. 

Building Trust Between Communities and Governments 

With the investments in recent legislation related to climate action and environmental justice, more resources than 
ever are supporting communities in monitoring their environments. These investments have the potential to rebuild 

https://farmos.org/
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trust between federal agencies and communities experiencing environmental injustice. This trust is at risk, however, if 
environmental agencies and other government actors cannot or do not use the data from these monitoring efforts to 
hold polluters accountable. Agencies can demonstrate their commitment to communities by prioritizing transparency, 
including: 1) explaining data, 2) communicating how data are used or not used, 3) providing justification when data are 
not used, for example if minimum standards are not met, and 4) by investing in OScH and other forms of openness. 
As described by Hall (2022) in Opening your science with community engagement, federal agencies “must engage 
with the community like any other collaborator: working ‘with’ the community, not ‘in’ or ‘on’.”

Interconnected Resources and Pathways to Shared Solutions: Connecting Needs 
with Opportunities 

Open communities emphasize collaboration and connections; for example, project-based “search and find” efforts in 
the Gathering for Open Science Hardware forum regularly connect community members in need of skills or resources 
with those who have them, and the Research Data Alliance connects people around topics through “marketplaces” 
that span domain and information disciplines. These efforts are a good starting place, but a more mature marketplace 
could facilitate higher-impact connections between more people and organizations, which is what the field needs. 
This area for growth is a high-impact opportunity for investment. Such a space would require strong searchability, as 
well as ways to clearly label project needs or potential opportunities.  

Towards More Relevant and Useful Systems: Building Partnerships Upfront 

Efforts in environmental monitoring face the continued challenge of siloes: between sectors, disciplines, grass-
roots communities and institutional spaces. As previously described, efforts towards standards, philanthropy for 
scale, and interconnected resources will partially ameliorate this challenge. Additionally, a targeted effort to build 
cross-sector partnerships in the early stages of project planning will lessen project duplication, clarify constraints, 
and elucidate potential challenges of incorporating tools into environmental monitoring systems. This is true for 
institutional and community partnerships, as well as for partnerships between government and tech developers, 
including those focused on OScH. 

Making Progress Through Enthusiasm, Sharp Focus, and Collaboration 

As noted by Johns & Hsing (2022) in Sustaining community cohesion and enthusiasm with a cadence of ‘sparks’  
and social activities, many community-led advocacy campaigns for environmental justice are catalyzed by an urgent 
or high-profile issue, such as an oil spill, nuclear accident, or highly visible pollution. For example, the Fukushima 
nuclear disaster and the Deepwater Horizon oil spill “galvanized concerned citizens to develop and build open source 
hardware instrumentation for environmental monitoring (Johns & Hsing, 2022).” These responses can and often do 
evolve into broader and more impactful movements if they have access to sustained resources and can find ways to 
maintain and channel momentum toward sharply focused challenges. Building the relationships and cultivating the 
resources and knowledge necessary for sustaining progress takes time that is rarely offered by project-based funding. 
By tangibly valuing openness and creating opportunities for meaningful collaboration through OScH, agencies and 
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funders can support communities in building the social infrastructure to help projects grow and sustain themselves. 
This can be especially important in the face of often inevitable major disruptions like pandemics or major political 
shifts, or when efforts fail.

Focusing on institutional change brings with it great promise when considered in tandem with the current investment 
in environmental monitoring and addressing climate change. By prioritizing open tools and approaches, we can help 
ensure that current investments in environmental monitoring provide long-term benefits to both the communities 
impacted and the broader environmental monitoring ecosystem. The importance of culture change goes well beyond 
the specific case of OScH; however, OScH is a tangible and high impact opportunity to demonstrate the promise of 
openness in addressing environmental issues truly collaboratively. 

Creating space and investing in community, and building opportunities to learn and share together, are slow but 
important steps toward culture change. With these initial steps, the infrastructure of environmental monitoring will 
better match the promise of OScH projects, people, and communities. 

Conclusion: Where We Go from Here, a Brief Roadmap
OScH, and transparency more broadly, can strengthen collaborations and trust between the public, government, 
researchers, and technologists by opening up designs and data to scrutiny, making it easier and less expensive to build 
on and modify tools for new purposes, demonstrating accountability and responsibility to the public, and encourag-
ing collaboration in environmental monitoring and advocacy. One can imagine a world where public health agencies 
regularly mobilize open communities to develop tools for monitoring and treating diseases, climate planning offices 
utilize data from OScH to ensure adaptation technologies meet environmental justice needs, and technologies are 
developed in collaboration or consultation with governments and communities. 

However, this trust and progress must also learn from and meet the evolving challenges in open science. Open 
questions perpetuate around building an effective and inclusive open science ecosystem, such as: How can we 
facilitate the broad adoption of open practices around thorough and understandable documentation and metadata? 
What infrastructure and processes are needed to ensure privacy and prevent harms from the misuses or breaches of 
environmental data collected by OScH in communities? What licensing or trademark norms should be established 
to maintain the openness of OScH designs?

In the concluding section, we identify points of recommendation around three goals: 1) directly supporting the devel-
opment of OScH, 2) using OScH, and 3) incentivizing others’ use of OScH. Within each we look at the incremental 
steps necessary to achieve these goals by providing steps we can do now, what needs to happen in the next few 
years, and “then” (starting in five years). Within each of these steps there is more work to be done in ensuring strate-
gic progress, but we hope these leave the reader with an initial roadmap of future progress.

Supporting the Development of Open Science Hardware
Agencies and other institutions can support—through funding, efforts directed at collaboration, and techni-
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cal incubation—the development of OScH tools, methods, and practices that produce high quality, repro-

ducible data.

Strong communities already exist around OScH tools, and these tools are being used for specific and narrow purposes 
including environmental monitoring. However, this has happened in relative isolation. Moving forward, we can build 
a landscape of OScH tools, connected to other open products and processes, that will enhance and expand OScH 
for a range of environmental monitoring purposes. 

Starting NOW:

We can create spaces and resources to solidify cross-sector partnerships during the early 
stages of project planning. This will serve to lessen project duplication, clarify constraints, 
and elucidate potential challenges and opportunities of incorporating tools into environmen-
tal monitoring systems.

We can include OScH in efforts to modernize data and software systems, and include open 
software, data, and hardware communities in that process. 

… and then NEXT:

Models such as communities of practice can facilitate ongoing knowledge-sharing and collab-
orative problem-solving around tool development, evaluation, and standardization. Modeled 
after groups such as the Research Data Alliance, and others, these spaces can promote and 
ensure cross-sectoral integration of OScH in broader environmental monitoring discussions. 

By investing in documentation of OScH to meet government quality standards as well as 
prioritizing open hardware and software in procurement and granting processes, these 
tools will become more widely accessible, enabling more people outside of government 
and technology companies to understand and improve on them.

Finally, THEN:

Environmental tool development, evaluation, and standardization will be more intimately 
connected, including models of shared learning and best practices. An appropriate empha-
sis on sustainability and maintenance of projects and teams allows for continued, sustained 
progress.
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Using Open Science Hardware
With the enhancement of OScH tools for a spectrum of environmental monitoring purposes, we can build 

open source into policies for tool procurement.

A piecemeal approach to OScH and other open science tools fosters innovation, but lacks efficiency and limits repli-
cation. With a portfolio of tools ready for use, procurement policies can begin to match technological development. 

Starting NOW:

We can assess models of open source software procurement to build a similar model for OScH 
while also recognizing the unique requirements. A suite of templates and best practices will 
support the uptake for open science policies, and procurement of OScH. 

We can build capacity in government for the procurement of OScH. Open communities 
can engage with regulators and decision-makers to share information and best practices, 
agencies can develop internal expertise in OScH, and developers and intermediaries can 
assess and evaluate OScH for a range of purposes. 

… and then NEXT:

We can institute institutional shifts that consider diverse applications of how environmental 
data is broadly usable beyond its original purpose. By procuring digital infrastructure, we can 
support agencies and organizations in employing stewards of social infrastructure—to curate 
OScH data, manage metadata, and integrate documentation and information from QA/QC 
processes.

Finally, THEN:

With this infrastructure in place, agencies can work alongside partners and communities to 
clearly establish mechanisms and methods to communicate how data are used or not used, 
adequately provide justification for when data are not used, and demonstrating where and 
how investment in OScH and other forms of openness is enhancing the ability of environ-
mental monitoring to further environmental justice, climate solutions, and agency missions. 
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Incentivizing Others’ Use of Open Science Hardware
With clear development, evaluation, standardization, and procurement practices in place, incentivize the 

use of OScH, alongside open software, data, and methods, when distributing resources, including when 

awarding grants.

To increase the landscape of use and the sustainability of the field of OScH, understanding the value and contributions 
that open practices and tools can make is of primary importance. With increased access to OScH for environmental 
monitoring, direct and clear communication alongside the incentivization of use for open practices, beyond initial 
requirements, can demonstrate value and compound benefits.

Starting NOW:

Through clear articulation of the opportunities and boundaries of “open,” a shared vocabulary 
for what “open” means in the context of data privacy, intellectual property, and other concerns 
needs to be developed, as indicated by people connected to the data being collected.

Philanthropic organizations, including government funding agencies, can strategically 
support the maintenance of impactful OScH development, community and coalition building 
of innovators in environmental monitoring. This can work to further support more meaning-
ful collaboration, reduce project duplication, and foster innovation for broad scale impact.

… and then NEXT:

As part of the work to create policies around OScH procurement, instituting openness as a 
default can ensure ease of access for agencies, contractors, and others to collaborate, and 
for members of the public to assess and build on their tools. This will make room for contin-
ued iteration and improvement.

By creating a mature marketplace of OScH and associated open tools, we can facilitate high 
impact connections between people and organizations.

Finally, THEN:

By valuing openness and creating opportunities for meaningful collaboration through OScH, 
government agencies and funders support communities in building the infrastructure to help 
projects grow and sustain themselves.

Strengthened connections between OScH contributors and users, a result of shared standard-
ization practices, allow for communication of data needs, capacities, and contexts.
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Strategically assessing, implementing, and resourcing OScH in the context of a broader open science agenda can 
lead to further research, innovation and development in environmental monitoring. Recommendations require us to 
tackle not only the technical challenges of OScH development uptake, but also the social and cultural—institutional 
and otherwise—contexts in which OScH must work. Pointed focus, a dedication to de-siloing spaces towards build-
ing cross-sectoral trust and collaboration, and a commitment to ensuring OScH is a part of open science in R&D 
practices, are clear starting points to committing to open practices and methods in addressing present and future 
environmental challenges.

Image source: Mdisk / Shutterstock,. all rights reserved.

https://www.shutterstock.com/image-photo/maintenance-mainboard-motherboard-concept-engineer-cleaning-2222527497
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