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Citizen science-based approaches to monitor the natural environment tend to be
bimodal in maturity. Older and established programs such as the Audubon’s Christmas
bird count and Community Collaborative Rain, Hail, and Snow Network (CoCoRaHS)
have thousands of participants across decades of observations, while less mature
citizen science projects have shorter lifespans often focused on local or regional
observations with tens or hundreds of participants. For the latter, it can be difficult to
transition into a more mature and sustainable citizen science-based research program.
This paper focuses on this transition by evaluating CrowdHydrology (ca. 2010), a citizen
science project that has transitioned from a regional to national network. It evaluates
the data accuracy, citizen participation, and station popularity. The CrowdHydrology
network asks citizens to send in text messages of water levels in streams and
lakes, which has resulted in 16,294 observations submitted by over 8,000 unique
participants at 120 unique locations. Using water level data and participation records
from CrowdHydrology, we analyze the expansion and citizen participation from a
regional to national citizen science network. We identify barriers to participation and
evaluate why some citizen science observation stations are popular while others are
not. We explore our chosen contributory program model for CrowdHydrology and the
influence this model has had on long-term participation. Results demonstrate a highly
variable rate of contributions of citizen scientists. This paper proposes hypotheses on
why many of our observations are from one-time participants and why some monitoring
stations are more popular than others. Finally, we address the future expansion of the
CrowdHydrology network by evaluating successful monitoring locations and growing
interest of watershed groups to expand the network of gauges.
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INTRODUCTION

In developing new methods for analyzing and monitoring natural
hazards, citizen science can be a powerful tool to collect critical
environmental observations for both research and long-term
monitoring. While, citizen science may lack technical rigor,
which can cause professional scientists to use caution in adopting
these methods, the time has come to reevaluate our current
scientific paradigm. Under a changing climate we expect rising
sea levels and higher intensity storm events in addition to longer
droughts, which pose increased risk to humans and directs us
as professional scientists to look to new methods for monitoring
environmental change. Among scientific revolutions, technology
is a consistent driver in paradigm shifts (Kuhn, 1962). With the
advancements in computing and seamless flow of information
between professional scientists, the scientific field has benefited
by exponential growth (Szalay and Gray, 2006). It can be
argued this growth further increases the gap between professional
scientists and some sectors of the general public (Gauchat, 2012).
Yet, the underlying driver of advancements in technology is
not exclusive to professional science. Over 77 percent of the
general public now hold high powered computer processors and
advanced telemetry systems in the palm of their hands in the
form of smartphones, with 95 percent of the population in the
United States owning some form of mobile phone (Pew Research
Center, 2018). Professional scientists have an opportunity to
embrace the power of technologically advanced citizen science-
based observers. While opportunities in citizen science-based
observation networks are not new, it is time scientists recognize
and learn how to tap into the potential.

As a methodology for collecting environmental data, citizen
science spans the continuum from qualitative to quantitative
measurement techniques. One of the most successful research
projects using qualitative measurements by citizen scientists
involves ground verification of precipitation using the mobile
phone applications mPing (Elmore et al., 2014). This class
of techniques termed “qualitative guided” measurements, uses
phone-based applications that ask participants to describe the
current atmospheric conditions and submit these observations,
which are georeferenced and time stamped, to a central
database. A related use of citizen observations is termed
“qualitative binary,” where participants are asked to identify
binary phenomenon such as if a stream is flowing or dry
(i.e., Kampf et al., 2018)1. These qualitative guided and binary
techniques are used primarily as tools for data validation. In
contrast to these, CoCoRaHS is one of the most successful
citizen science projects engaging over 7,000 observers daily to
measure precipitation across the United States (Cifelli et al.,
2005). Citizens use standardized rain gauge and snow platforms
to report precipitation totals. This method can be classified as
“quantitative guided” because it requires some sort of training
(e.g., videos) and active participation by citizen scientists. Other
quantitative guided projects include measures of stream nutrient
or pesticide concentrations (Breuer et al., 2015), and water
clarity (Lottig et al., 2014, Canfield et al., 2016). There is

1StreamTracker.org

also a classification termed “quantitative passive,” where citizen
scientists may not initially realize they are collecting quantitative
data. These projects include data mining of social media channels
such as YouTube to collect observations of streamflow (Le
Coz et al., 2016) or water levels (Michelsen et al., 2016).
Quantitative passive data collection can also include citizen
scientists who agree to have instruments installed on their phones
or property that passively collect scientific data. Quantitative
passive collection can include private wells owners installing
water level sensors (Little et al., 2016) or internet enabled weather
stations (Bell et al., 2013), which can then be shared in real-time
with the scientific community.

Given the context to the range of methods available in citizen
science-based data collection, the objectives of this research are
to assess what factors support the growth and sustainability of a
citizen science program. Our primary hypothesis is that a strong
citizen science network is maintained by a core group of engaged
citizen scientists who are brought together by a locally relevant
scientific question. Our secondary hypothesis proposes that a
critical mass of observations and/or measurement stations are
needed to build sufficient public interest to maintain a sustainable
network. We test these hypotheses by reviewing participation
in the CrowdHydrology program (Lowry and Fienen, 2013),
to determine what allows a citizen science-based observation
network to grow from a small set of observation stations to a
national or international network. While it is easy to start a citizen
science research program, it is difficult to develop a network
of interested participants that is sustainable and has scientific
reach beyond a single research project. While there are a few
successful large-scale programs such as the Audubon Christmas
Bird Count (Butcher et al., 1990), CoCoRaHS (Cifelli et al., 2005),
and PhenoCam (Richardson et al., 2018), these programs seem to
be the exception to the thousands of smaller projects cataloged
on citizen science databases such as SciStarter.com. This paper
evaluates participation in CrowdHydrology, a hydrology-based
citizen science program that has successfully made it past the
initial network development phase and is now reaching maturity.
It explores the rates of participation and the successful and
not so successful methods in collecting hydrologic data. We
quantitatively evaluate participation rates of citizen scientists and
qualitatively explore reasons behind these figures such as why
some observation locations seem to be popular while other are
not. The aim is to support other citizen science-based observation
networks by detailing what we believe are the key components
to long-term engagement with citizen scientists for successfully
transitioning from local to national-scale projects.

The CrowdHydrology Program
Throughout the United States, there are approximately 7,600
United States Geological Survey gauges placed in rivers and
streams gathering a variety of water resources data (stream
height, flow, water temperature, and sometimes water quality
metrics) for a variety of uses such as forecasting floods,
characterizing water quality conditions, monitoring quantity of
power production, recreation, culvert design, and wildlife habitat,
among others. As Earth’s systems change, these long-term data
are critically important to understand, predict, and manage the
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health of our watersheds for all who depend upon these resources.
However, maintaining the quality of long-term data has its costs.
One stream gauge station requires about $18,000 to install and
$16,000 to $21,000 annually for the United States Geological
Survey to service the physical system, perform quality assurance,
maintain rating curves converting stage to discharge, and to serve
and display these data. Such costs prohibit many streams from
being monitored. Data from these–often smaller–streams are
essential for hydrologists, fisheries biologists, indigenous tribes,
water recreationalists, anglers, natural resources management
agencies, and all of the related industries.

To augment formally collected data, could we solicit citizen
scientists to collect at least water-level data? While not a
replacement for official data, maybe citizen scientists could
provide a valuable supplement. To test this, a class A staff
gauge was installed at the Buffalo Audubon Society nature center
in North Java, NY, United States in 2010 and with a sign
that asked passers-by to use their phones to text message the
readings (data) to the researchers (Lowry and Fienen, 2013). It
worked. These data were then used to model the hydrology of
a stream and wetland system using MODFLOW (Feiner and
Lowry, 2015). These citizens provided valuable stream-height
information where there was none (Seibert and Vis, 2016; van
Meerveld et al., 2017). Additional gauges were installed and the
network was dubbed CrowdHydrology. Through this monitoring
network, crowd-sourced data were presented on a website2.
Below, we describe how this one gauge grew into a network of
gauges and we assess this growth.

MATERIALS AND METHODS

To participate in CrowdHydrology, citizen scientists read the
water level in streams and ponds on a staff gauge and
send in text messages reporting their observed water levels
(Lowry and Fienen, 2013). At each physical gauge there are
two signs, one on the shore that informs the participant on
how they can contribute (Figure 1B) to the project and a
second sign at the top of the staff gauge (Figure 1A). The
participant is asked to send in a text message of the water
level and the station ID to a specific phone number. Once
a citizen scientist chooses to participate, their text message
is sent via their mobile phone to a central computer server.
The central server then runs the Social.Water python code
(Fienen and Lowry, 2012), which is open-source and freely
available to the public3, that reads and parses each text
message. The Social.Water code extracts the time stamp of
the observation, water level, and creates a unique identifier
(obscuring name and phone number) for each participant based
on the participant’s phone number. These data are added to the
associated station database. Within a maximum of 5 min of a
citizen scientist texting in a water level, their reported water level
is published on the web (see text footnote 2) and is available for
distribution.

2www.CrowdHydrology.com
3https://github.com/mnfienen-usgs/Social.Water

The placement of these gauges is critical to citizen science
engagement. Popular stream access locations for placing gauges
do not always align with professional scientists’ research
questions. Often, the placement of one of these gauges depends
upon the support of a watershed group or nature center staff to
commit to maintaining the station. Early in the project, we spent
a significant amount of time trying to get permission to place
these stations in streams, but after 8 years in operation most new
stations are initiated by partner watershed and environmental
groups. Due to the physical location of the original project team,
most stations are within the Great Lakes region with limited
expansion in the western and eastern United States (Figure 2).

The methodology of hydrology data collection via this
program has been described elsewhere (Fienen and Lowry,
2012; Lowry and Fienen, 2013), and this research focuses
on analyzing when and where citizen scientists chose to
participate and what conditions are most conducive to
their participation. The results presented here are based
on citizen observations from approximately 8,000 unique
participants over 8 years. These data allow us to identify
how often and where a given citizen scientist has chosen
to provide an observation, the seasonality of observations,
the popularity of given observation stations, and the
mobility of participants who send in observations across
multiple locations.

RESULTS

From July 2011 to July 2018, the cumulative growth of
CrowdHydrology reached 120 stations in 13 states (Figure 3).
The first 2 years of the project showed small growth while
the network was still a regional network in New York State.
The transition to a multi-state network is shown by the state
abbreviations on Figure 3, which represent the time when the
first new stations in a given state joined the network. Rapid
growth in the summer of 2013 likely corresponded with personal
networking with several watershed groups in Michigan and a
National Public Radio story on Weekend Edition (see NPR
marker, Figure 3). Other step increases, such as during the
summer of 2016, are attributed to expansion of the network
within existing states.

Participants
For the study period, the CrowdHydrology system received
16,294 observations from 8,255 unique participants. The majority
(86%) of participants submitted only a single observation
(Figure 4). The distribution of the number of observations
per participant decreased with increased observations per
participant. Eleven people or 0.1% of the citizen scientists sent
in over 100 observations. Participants with over 100 observations
are classified here as “champions.” While this group of champions
was small, they contributed 19% of all observations. Most
champions sent in observations for a single site, while only
four champions sent in observations at more than one site.
The greatest number of sites a single champion contributed
to was six, while the largest number of champions at a single
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FIGURE 1 | CrowdHydrology informational signage in (A) stream and (B) on shore asking citizen scientists to send in observations of water levels.

gauge was two. Three sites had two champions each (MI1033,
NY1008, and OR1000).

Station Popularity
The ten most popular stations in the network represent 62% of
the total network observations (Table 1). The locations of these
stations are grouped into three categories: nature centers, hiking
trails, and city parks. Of the three categories of locations, only the
nature centers have personnel on site who may encourage citizen
scientists to contribute observations. The top three stations, on
average, received almost one observation a day without having
any educator or staff on site to promote participation in the
program. Three of the top 10 stations had two champions at each
station and two of the top 10 stations has a single champion
(NY1000, NY1009). The percentage of total observations from
champions at these stations varies from 79% (MI1033) to 27%
(NY1009) with an average of 45% of the observations coming
from champions and no trend in location type.

DISCUSSION

Lessons Learned
Data Accuracy
There is always the question of accuracy of the participants’
data. Numerous comparison studies of volunteer vs. professional
water resources data suggest that volunteer data are generally
comparable to professional data for chemical (Obrecht et al.,
1998; Loperfido et al., 2010), physical (Rodrigues and Castro,
2008), and biological (Fore et al., 2001; Vail et al., 2003; Gowan
et al., 2007; Stepenuck et al., 2011) monitoring. Notably, in all of
these studies, volunteers were trained to carry out the monitoring
in which they were engaged. Alternatively, untrained volunteers

have been observed to produce less accurate data when sorting
and identifying macroinvertebrates (Nerbonne and Vondracek,
2003). Arguably that was a more challenging type of monitoring
than is employed in the CrowdHydrology network. One concern
is that one-time participants may submit inaccurate observations
due to a lack of familiarity with the methods. Nonetheless, to
ensure accurate observations are made over time, developing a
short training video that participants can view on their phones
at the field sites may help ensure accuracy of the submitted data
across participants. Limited validation in the CrowdHydrology
project, using a co-located pressure transducer (Lowry and
Fienen, 2013), revealed root mean square error of participant data
versus researcher data of about 0.02 feet – roughly the resolution
of a class A staff gauge.

Citizen Participation
The CrowdHydrology network is dominated by one-time
participants who submitted just under half of all observations
received into the system. Fewer than three percent of the total
participants (8,255) sent in more than five observations. This may
be due to the program design, which engages volunteers in data
collection to address scientist-defined questions, and provides
limited communications between scientists and volunteers. Such
programs, sometimes termed contributory, are predicted to be
effective in adding to large scale data collection efforts (Shirk
et al., 2012), as has been demonstrated with the CrowdHydrology
network. However, because contributory programs are scientist-
led, the likelihood that the monitoring efforts address public
interests is minimized (Shirk et al., 2012). This has been
suggested to limit participant ownership of these data (Cornwall
and Jewkes, 1995). As such, it may limit volunteer motivation
to contribute data over time (Rotman et al., 2014). Further,
in contributory programs, limited communications between

Frontiers in Earth Science | www.frontiersin.org 4 May 2019 | Volume 7 | Article 128

https://www.frontiersin.org/journals/earth-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles


feart-07-00128 May 25, 2019 Time: 16:29 # 5

Lowry et al. Crowdsourced Stream Stage: CrowdHydrology

FIGURE 2 | Locations of CrowdHydrology gauges as of July 2018 with the size of the marker indicating the number of citizen science observations.

FIGURE 3 | Growth of the CrowdHydrology network. State initials designates the time the first CrowdHydrology station became active. NPR represents date of
national radio coverage.

program leaders and participants reduces opportunity for
relationship building and trust development (Shirk et al., 2012).
Ongoing communications to share program goals, outcomes, and
status, are critical to ensure long-term participation (Rotman
et al., 2014) and to sustain volunteer commitment over time
(Devlin et al., 2001). CoCoRaHS, for instance, maintains a

message blog, sharing educational information relevant to the
program, and summarizing data submissions at least weekly, and
often every few days4. In the CrowdHydrology network, the lead
scientists have communicated very little with participants over

4http://cocorahs.blogspot.com
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FIGURE 4 | Number of observations submitted per citizen scientist.

time, including not acknowledging data contributions with a
reply text message after measurements are submitted. Modifying
the methodology in these two ways could fix perceived issues
of lack of information, interest, and feedback among one-
time participants.

One-time participants are helpful and may be all that are
needed in the case of monitoring a specific event in real-time.
However, for developing historical trends at a site for monitoring
long-term change (Hayhoe et al., 2007), requires transitioning
one-time participants into champions. Currently, we have four
hypotheses as to why a participant may only send in one
observation. The first hypothesis is due to lack of information
provided by the professional scientists, causing participants to
think it may be only necessary to send in one measurement.
This hypothesis is based on anecdotal evidence from talking
to one-time participants while performing maintenance on
several of the gauges. The onshore signage points out the
need for repeated measurements but it is unclear whether
participants read and internalize the information from that
signage. The second hypothesis is that those who participate
have a lack of interest in long-term participation. The one-
time participants may find it a novelty to send in a single
observation without any true interest in participating in the
future. The third hypothesis is that lack of feedback causes
participants to become disengaged (or never to become engaged);
we have chosen not to send text messages back to citizen
scientists thanking them for their observations, or summarizing
station results over time. Citizen scientists who have used
our system in the past have recently requested feedback to
make sure their observation was recorded and to provide
further information on why their data are important. This
hypothesis is supported by existing research that suggests that
without communications, participants have no ownership of
the results and do not feel like partners working toward a

common scientific mission (Rotman et al., 2014). The fourth
hypothesis is that the sparsity of station locations results in
limited awareness of the program and ability to contribute over
time. This is particularly true when a given citizen scientist
does not live near any of the existing gauges and may have
submitted their only observation via text message, say, while on
vacation. While the fourth hypothesis is not easily addressed,
the first three potential hypotheses of one-time participants
can be tested, with the hope that we can transition one-time
participants into champions.

Champions, who are those participants who send in more
than 100 observations, represent a small fraction of the citizen
scientist that participate, yet they produce 19% of the network
observations. Five of the top ten CrowdHydrology sites are
sustained by champions. These champions tend to have a single
station to which they contribute. There is only one champion that
has contributed to more than two stations, their contributions
are limited to the State of Michigan but cover stations that are
spread across the state. As a result of not collecting personal
information, it is unclear what motivates this participant but they
seem to be an outlier.

Station Popularity
Our classification of popular stations is based on the total number
of observations not on the total number of citizen scientists
sending in observations. For professional scientists, the number
of observations outweigh the number of participants. Using this
classification, the three most common locations – nature centers,
hiking trails, and city parks – all represent locations where
the general public is commonly present, and likely recreating,
which affords them the time and opportunity to participate.
Volunteer motivation to participate in citizen science projects
relates to participants’ interests in helping the environment and
contributing to science (Domroese and Johnson, 2017).
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TABLE 1 | Top ten CrowdHydrology stations based on total number of observations.

Station ID Number of observations % of total observations Location Initial observation date Average observations per year

WI1001 1854 11% Hiking Trail 3/27/13 347

OR1000∗ 1287 8% City Park 5/17/14 306

MI1033∗ 1173 7% City Park 4/15/15 356

NY1008∗ 1102 7% Hiking Trail 11/25/11 165

NY1009∗ 1060 7% Nature Center 5/25/13 204

NY1000∗ 1007 6% Nature Center 11/15/11 150

WI1000 929 6% Hiking Trail 3/27/13 174

NY1010 597 4% Nature Center 10/2/13 124

MI1000 481 3% Nature Center 5/14/13 92

MI1004 453 3% Nature Center 5/14/13 87

∗Designates station with one or more champion.

Stations that proved unpopular included those at boat ramps,
near major roads, and at popular fly-fishing holes. In part, the
lack of popularity may be the access to a participant’s phone at
these locations as the participant is in or very near the water. Boat
ramps can also be stressful locations as they are shared access
points and people tend to be in a rush to move boats in and
out of the water. At stations near major roads, it appears that
participants do not want to stop or are moving quickly to get
away from the road and onto more desirable amenities. Finally, in
talking with fly fishermen we have found that many do not carry
their phones because they simply want to fish and do not want
to be reached. While some of these locations may be scientifically
important for a particular study, they lack in citizen engagement.

Future Directions
Changes to Our Methodology
While the growth of the CrowdHydrology network over the last
8 years has been consistent, modification to our methodology
is necessary to preserve and expand the network. Based on
our historical data we have a hypothesis of why one station
location may be more popular than other stations but we need
to communicate with the participants at these sites to determine
their true motivations. Based on opportunistic conversations
with participants we have learned that citizen scientists would like
feedback that their message has been received. This is consistent
with others’ findings as well (Devlin et al., 2001; Rotman
et al., 2014). We are currently modifying our methodology
to confirm a participant’s message was received and respond
when an observation is perceived to be incorrect based a
preset range of water levels at a given station. This should
increase engagement. A mistake in our first 2 years of network
operation was not actively engaging with citizens in the local area
around CrowdHydrology stations. We have seen rapid growth
in the network after engaging several large watershed groups in
Michigan and getting some good national level press coverage.
There is also a great need to quantify the accuracy of one-
time participants as compared to champions. In the application
of citizen science for natural hazards, real-time data will likely
come from one-time participants. As professional scientists, we
need to know what types of data we can count on these citizen

scientists to report and we need to know the accuracy of those
data. All of these require close examination and reflection on
our communications with participants to assess how we can
more meaningfully engage citizens based on their interests,
concerns, and data needs (Hall et al., 2016). Finally, we have
no data on non-participation–individuals who may visit one
of the CrowdHydrology stations and choose not to make an
observation. Non-participation is likely extremely high, but in
understanding the motivation of potential citizen scientists we
have an opportunity for further engagement and thus expansion.

Several CrowdHydrology network modifications, if
implemented, may aid in nurturing some of the one-time
volunteers to submit additional observations. First, to
address possible participant confusion over their role as
data contributors, we could update signage at sites to more
prominently ask people to visit and report data on multiple
occasions. To address the potential that people are only
participating as a novelty or are not engaging or becoming
disengaged due to lack of feedback, as noted previously, we
are generating automated text messages to be sent in response
to those who submit observations as confirmation that there
is a purpose and reason for their actions. When we initiated
the project, we were concerned that a response message might
trigger privacy concerns among participants, but subsequent
literature has suggested that the value to participation would
likely eclipse such privacy concerns, and in our response,
we can include an opt-out option. We could also develop
partnerships with local emergency management agencies or
weather forecasters, educating them about the available water
level data, and thereby creating a meaningful, altruistic reason
for people to continue to submit results – as their observations
may inform flood forecasting or be a first indicator, or a unique
indicator, of an extreme event. The Cooperative Observer
and CoCoRaHS networks both share data with the National
Weather Service and other weather forecasting agencies, with
individual observers occasionally being credited publicly (e.g.,
Jankoski, 2016). Notably, the Cooperative Observer Network is
one of the oldest citizen science networks in the United States,
beginning in 1890 (Kunkel et al., 2005). Further, gamification,
such as recording the number of observations per volunteer
or a providing a forum platform where participants can share
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anecdotes from their sites to the network website may help
people to build a personal connection among participants, and
encourage gentle competition among them to help them to
engage repeatedly over time. Such an approach was recently
adopted by a similar program, CrowdWater (Seibert et al., 2019),
which operates primarily in Europe5. While altruistic reasons
have been observed to be a motivation for volunteers early in
a program, we know that building personal networks is cited
as a valued outcome and motivator for continued participation
over time (Ryan et al., 2001; Gooch, 2005). This deserves
future attention.

Champions are key to developing a robust network fueled
by consistent observations at specific locations. However,
champions seem to contribute to a single station, even when
multiple stations are located near each other. Future work should
focus on understanding motivations of current champions, and
using that information, identifying potential champions at a
given station and then encouraging them to become champions.
We have no evidence to suggest that champions are motivated to
visit a site explicitly to send in a measurement, but with some
gamification or reward mechanism, they might be motivated.
Surveying current champions to assess their motivations will
help hone our actions. Developing strategic partnerships with
organizations with existing volunteer bases and communications
networks could result in expanded environmental data collection
and the ability to identify long-term trends (Imperial, 2005).
Further, such partnerships with local watershed organizations,
state agencies or non-profits could enable CrowdHydrology
gauges to be installed in targeted areas where there have
been or are predicted to be flooding or other critical events.
A recent study suggests that volunteer water monitoring groups
that focus their efforts to address environmental crises report
more impacts for natural resource policy and management
(Stepenuck and Genskow, 2019).

Network Expansion
Results show an initially slow expansion of the CrowdHydrology
network with 2 years of limited growth. This was followed
by a marked increase in stations as methodologies were
validated, new partnerships were formed, and national media
attention was gained. This record does not include the initial
method development starting in 2010 where data processing
procedures were developed and tested at a single site. Starting
at the end of 2012, we presented the methodology used for
data processing at scientific conferences, and demonstrated
the accuracy of the method (Fienen and Lowry, 2012; Lowry
and Fienen, 2013). Publishing our first two papers convinced
professional scientists that these methods could be useful. This
validation contributed to the expansion of the network into
three new states. Additionally, in the spring of 2013, the
National Public Radio show Weekend Edition6 reported a story
on the CrowdHydrology network. This publicity resulted in
doubling the number of stations in the network and connected

5https://www.crowdwater.ch/en/welcome-to-crowdwater/
6https://www.npr.org/templates/story/story.php?storyId=203890657?storyId=
203890657

us with other professional scientists across the country. As
a result, the network has experienced steady growth over
the last 5 years.

There also appears to be a critical mass effect where
watersheds with one or two stations (i.e., CA, OR, UT) do
not seem to promote additional stations, however, having 10
or more stations (i.e., MI) in a watershed promotes rapid
growth of additional stations. The promotion of additional
stations may also be impacted by the type of organization that
installed the gauge. The gauges installed in OR and UT are
maintained by academic institutions, which may not have a
vested interest beyond a specific stream location, or capacity
to promote participation in or expansion of the network.
Conversely, the MI sites are maintained by a variety of watershed
groups that likely promote the growth of the network. Many
watershed groups benefit from having a network of members
with a shared interest in protecting a waterbody, and are
motivated to engage in monitoring as part of their membership
(Middleton, 2001).

CONCLUSION

Analysis of the results over an 8-year data collection period
partially support our primary hypothesis that a strong
citizen science network is maintained by a core group of
engaged individuals. Almost 20% of the CrowdHydrology
observations were reported by just 0.1% of the total number
of participants; these “champions” submitted greater than
100 observation per person. An opportunity exists to
engage in future research to understand motivations of
these individuals and to use that information to encourage
more extensive participation by others. Our results also
suggest missed opportunities to engage with one-time users
to promote further participation. This is a lesson not only
to us, but to other citizen science programs globally. We
intend to shift our recruitment methodologies to promote
participation through active requests for data collection
(e.g., by updating signage at monitoring sites), and our
ongoing communications to provide feedback to participants to
encourage great participation.

Citizen science projects take time to build a robust and
sustainable network. The expansion of the CrowdHydrology
network took almost 3 years to grow beyond a small
regional network. The network expansion corresponded with
the validation of the methodology, development of connections
with watershed groups, and some good publicity. These factors
are credited with expansion of the network into the larger
Great Lakes region and midwestern region of the United States.
Continued network expansion seems to be most successful where
there is a critical mass of stations, which partially supports our
secondary hypothesis. The growth of the network seems to do
best when there are more than 10 stations in a given watershed
causing potential participants in neighboring watersheds to set
up stations. One or two stations in a small watershed seem to
do little to promote the growth of the network, which does not
support our secondary hypothesis. Even with a set of champions
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at a given station (i.e., OR1000) resulting in a robust
time series, the lack of a critical mass of stations seems
to prevent expansion within a watershed. This leads to
the idea that quantity of stations not quality of data at
a single station may be the driving factor in network
expansion in a region.

The popularity of a station seems to be highly dependent
on its physical location. Locations at nature centers, hiking
trails, and city parks represent stations with the largest
participation. The commonality of these stations seems
to be locations where the public are physically moving
slowly and in locations that predispose participants to
observe nature. Areas near roadways and recreational
water locations (boat ramps and fishing spots) were found
to be poor locations based on our observation record.
These locations, with low observational counts, represent
locations where the potential citizen scientists are focused
on specific tasks other than measuring water levels. When
considering the placement of future observational stations
these patterns may be helpful. However, these locations may
not align with fundamental research questions posed by
professional scientists.

Citizen science programs can generate extensive data
sets that can aid researchers in addressing locally specific
and broad scale questions. However, to generate the most
comprehensive and useful datasets, professional scientists
must take care to not only formulate specific questions,
but to communicate required data needs to intended citizen
participants. Without such information, many participants may
contribute only limited data, thus hindering the ability of
the researcher to understand systems or to draw conclusions.
Recommendations for ensuring complete datasets include
providing feedback to participants about the data submitted,
data needs, and scientific purpose and importance of the data
being collected.
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