
Journal of Great Lakes Research 48 (2022) 606–613
Contents lists available at ScienceDirect

Journal of Great Lakes Research

journal homepage: www.elsevier .com/locate / i jg l r
Initial insights into the development and implementation of a citizen-
science drone-based coastal change monitoring program in the Great
Lakes region
https://doi.org/10.1016/j.jglr.2022.01.011
0380-1330/� 2022 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.

⇑ Corresponding author at: Departmetn of Geography, Environment, and Spatial
Sciences, Michigan State University, 673 Auditorium Road Room 232 East Lansing,
MI, 48824, USA.

E-mail address: ebunting@msu.edu (E.L. Bunting).
Ethan J. Theuerkauf a, Erin L. Bunting a,b,⇑, Elizabeth A. Mack a, Lucas A. Rabins a

aDepartment of Geography, Environment and Spatial Sciences, Michigan State University, East Lansing, MI, USA
bRemote Sensing and GIS Research and Outreach Services, Michigan State University, East Lansing, MI, USA
a r t i c l e i n f o

Article history:
Received 18 June 2021
Accepted 20 January 2022
Available online 9 February 2022
Communicated by Anthony Vodacek

Keywords:
Coastal resilience
Drones
Great Lakes of North America
a b s t r a c t

High-resolution spatio-temporal data are needed to improve coastal management programs, particularly
along the Great Lakes where lake level fluctuations pose challenges to coastal decision-making and plan-
ning. Unfortunately, there is a paucity of coastal change monitoring datasets, particularly those that doc-
ument event-scale changes over a large spatial scale. This paucity of data is compounded by the large size
and range of shore types throughout the region.
Unoccupied aerial vehicle (UAV) or drone data collected by citizen scientists are a potential solution to

this challenge. However, no citizen science coastal change monitoring program exists in the Great Lakes
region, nor does a comprehensive drone-based coastal change monitoring programs exist anywhere in
the United States. To inform the development of drone-based citizen science programs, the goal of this
paper is to describe the development and implementation of a citizen science coastal change monitoring
program along the Great Lakes shores of Michigan. The citizens participating in this project generate ima-
gery in two ways: (1) the submission of photos of coastal changes or hazards via a web app developed for
the project called PicShores and (2) drone collection of survey-quality aerial imagery for use in the gen-
eration of orthomosaic images and digital elevation models (DEMs). This paper presents the methods uti-
lized to develop the citizen science monitoring program, some initial findings from the citizen science
monitoring, and explores some challenges and next steps for the program.
� 2022 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.
Introduction

Coastal resilience, defined as the ability for a coastal area to
cope through adaptation to disturbances such as storms and
extreme water level fluctuations, has become the overarching goal
of most coastal management efforts (Masselink and Lazarus, 2019;
Molino et al., 2020; Rumson et al., 2020). In order to build resili-
ence, management decisions must be data-driven and based on a
process-focused understanding of the coastal system (Huang
et al., 2021; Nichols et al., 2019; Rumson et al., 2020), which
requires high-resolution spatiotemporal coastal monitoring docu-
mentation of coastal changes such as erosion, vegetation loss,
and infrastructure damage over both long (years to decades) and
short-time scales (events). For these data to be effectively utilized
for management decisions, a community’s management goals and
capacity for using data must be considered when developing any
coastal monitoring and research program (Molino et al., 2020;
Wall et al., 2017).

Along the coasts of the Great Lakes of North America there is a
paucity of coastal change monitoring datasets, particularly data-
sets that document event-scale changes across a regional spatial
scale. At the present time, the only regional datasets that can be
used to evaluate coastal change are topobathy LIDAR and aerial
photographs. High-resolution remotely sensed satellite imagery
became available in late 1990s, through multiple sources including
GeoEye, WorldView, and Ikonos. Such data goes beyond other
high-resolution datasets, specifically NAIP imagery, which, while
having a broader time series, is more constrained in spectral and
spatial resolution. Beginning in the mid-2000 s, aerial photographs
from the USDA National Agriculture Imagery Program (NAIP) were
collected on a near annual basis. While NAIP images help docu-
ment and visualize shoreline and vegetation changes (Mack et al.,
2020; Wernette et al., 2017; White et al., 2019), they do not
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provide quantitative information on geomorphic processes, nor do
they provide information on coastal response to storm events.
Topobathy LIDAR datasets can provide quantitative information
on coastal erosion and accretion, however, they are relatively
new (regional coverage beginning in the mid-2000 s for the Great
Lakes) and are typically collected once every 5 years (Reif et al.,
2013). Coastal monitoring of storm events at annual time scales
remain locally focused and project-based throughout the Great
Lakes region (e.g. Braun and Theuerkauf, 2021; Theuerkauf and
Braun, 2021; Volpano et al., 2020). Given the large size and range
of shore types throughout the region this type of monitoring is dif-
ficult for individual research teams and agencies to conduct region-
ally in any sort of coordinated fashion.

A potential solution to these challenges is to engage and train
citizen scientists to utilize new unoccupied aerial vehicles (UAVs)
or drones and smartphone technology to document and monitor
coastal changes (e.g., Garcia-Soto et al., 2021, p.; Harley et al.,
2019; Pucino et al., 2021). The use of a network of citizen scientists
not only facilitates broader data coverage, but also enhances mon-
itoring programs via local knowledge and community support
(Conrad and Hilchey, 2011; Dickinson et al., 2010; Garcia-Soto
et al., 2021). Currently, citizen scientists are being used for coastal
erosion monitoring along ocean coasts via smartphone applica-
tions such as CoastSnap (Harley et al., 2019) and drone-based pro-
grams in Australia (Pucino et al., 2021). At the present time, no
citizen science coastal change monitoring program exists in the
Great Lakes region, nor does a comprehensive drone-based coastal
change monitoring programs exist anywhere in the United States.

This manuscript details the development and implementation
of a citizen science coastal change monitoring program along the
Great Lakes shores of Michigan over the past year (Fig. 1). The pro-
gram is entitled ‘‘Interdisciplinary Citizen-based Coastal Remote
Sensing for Adaptive Management (IC-CREAM)” and is funded by
a grant (Award #: 1939979) from the National Science Founda-
tion’s Coastlines and People program (CoPe). The overarching goal
of IC-CREAM is to empower coastal communities to conduct data-
driven coastal management by developing and supporting a net-
work of citizen scientists focused on documenting coastal change
using imagery. The citizens participating in this project generate
imagery in two ways: (1) the submission of photos of coastal
changes or hazards via a web app developed for the project called
PicShores and (2) drone collection of survey-quality aerial imagery
for use in the generation of orthomosaic images and digital eleva-
tion models (DEMs). This paper presents the methods utilized to
develop the citizen science monitoring program, some initial find-
ings from the citizen science monitoring, and explores some chal-
lenges and next steps for the program.
Overview of the IC-CREAM program

The goal of the IC-CREAM program is to build community
capacity for resilient coastal management by generating high-
resolution datasets of use for decision-making. To achieve this goal,
it is necessary to build a network that is focused on community
needs, interests and coastal management capacity. This commu-
nity centered approach aims to move beyond one-sided scientific
guidance to communities based on their perceptions of need (see
Tribbia and Moser, 2008 for a discussion of this) and towards a
co-production of knowledge. This collaborative relationship
started with coastal communities by holding an initial workshop
that provided an overview of the program to decision makers
and community personnel (e.g., town managers, supervisors, pub-
lic works departments, etc.) and discussed coastal management
issues and capacities. The latter is achieved during the workshops
through three activities: a coastal hazards knowledge evaluation, a
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coastal risk mapping activity, and focus groups. Additional infor-
mation on concerns, needs, and capacity related to coastal manage-
ment and coastal issues are solicited through surveys provided to
both the workshop registrants as well as community members at
large.

Knowledge and perceptions about coastal hazards are evaluated
through an activity where participants are shown pictures of
coastal changes and hazards and asked to identify what they see
in the image and whether it is a concern for their community. Next,
a coastal hazards mapping activity is conducted to identify priority
monitoring locations within the community based on perceived
risks by workshop participants. Another component of the work-
shops are focus groups that are designed to collect information
about five items: 1) coastline hazards, 2) community resources,
3) the coastal management process, 4) perceptions of drones and
drone applications and 5) community expectations about partici-
pation in the project.

Another important component of these initial workshops was
to provide attendees with an understanding of the drone and
smartphone monitoring programs and what data products can be
generated. This discussion represents the start of an ongoing con-
versation between the research team, the citizen scientists, and the
community decision makers about what data products should be
generated from the drone data. Additionally, this portion of the
workshop aids in recruiting a citizen scientist drone pilot from
the community. If pilot volunteers were not identified during the
workshop, local pilots were found through ads placed in the local
media and workshop community connections.

Once a citizen scientist drone pilot is selected, they are enrolled
in an Michigan State University developed Part 107 exam prepara-
tion course which provides an overview of the aeronautical and
legal aspects of drone operations in preparation for the FAA Part
107 exam. While passing this exam is an FAA requirement to oper-
ate a drone for research purposes, one does not actually have to
demonstrate proficiency in operating a drone to pass the exam.
Therefore, additional, in-the-field training was conducted to teach
citizen scientists how to fly a drone to conduct mapping
operations.

Potential monitoring sites were derived from the workshop’s
mapping activity in each community. During this initial phase of
the IC-CREAM program, only publicly owned (e.g., county, town-
ship, state) sites are being monitored, however, the aim is to
expand the program to private sites if there is sufficient interest
by community members. Once sites are identified and permission
received for site access, the research team conducts an initial base-
line drone survey using the exact same drones, flight control soft-
ware, and mapping parameters that the citizen scientists will use.
Only quadcopter drones (DJI Phantom 4 Pro, DJI Mavic Pro II, and
an Autel Evo Pro II) and their associated flight control software
(DJI Ground Station Pro and Autel Explorer) are used for this pro-
gram. The mapping parameters are standardized to ensure consis-
tency in the imagery collected and include: 80% front and side
overlap, only downward-looking imagery, and a flight altitude that
yields either a 1.5 cm/pixel or 2.0 cm/pixel image resolution,
depending on the elevation of trees and other obstacles (typical
altitudes range from 100 to 300 feet above ground level). The flight
control software creates a mission based on these parameters, then
the mission is flown to gather the imagery. Prior to conducting
missions at each site, ground control points (GCPs) are surveyed
with a Trimble R10-2 RTK-GPS system. Existing infrastructure such
as sidewalks, parking lot markings, sewer manhole covers, or other
fixed objects are preferentially used as GCPs. However, if there are
not sufficient items at the site to use as GCPs then semi-permanent
GCPs are installed by the research team, with permission from the
community. These are utilized instead of other options for estab-
lishing ground control points, such as GPS-enabled ground targets



Fig. 1. Pilot citizen science communities across the Michigan Great Lakes shoreline. Six communities are monitoring and imaging their coastline in partnership with this
project: Marquette, Manistique, Manistee, South Haven, Chikaming, and Iosco County.
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(e.g., Propeller AeroPoints) because they are much more cost-
effective and accessible.

Either during baseline surveys, or shortly thereafter, the
research team joins the citizen scientist in the field to conduct
drone operation training. All aspects of drone operations are cov-
ered during these trainings including an overview of the mission
settings (which are provided to the pilot during this training and
are based on the initial baseline survey) as well as basic handling
of the drone from takeoff to landing. Pilots are also instructed on
weather conditions to avoid for flights due to safety or data quality
reasons, such as high winds and rain. Other important protocols
are covered including site access and installation and removal of
semi-permanent GCPs. When the training mission is complete
the citizen science pilot should be ready to complete mapping mis-
sions on their own and will begin regular monitoring of the sites,
using a drone provided by the project team. The research team
was available to provide further technical assistance to the citizen
scientists, through a phone or video call, or additional site visits.

At a minimum, the citizen scientist will map each site in their
community once every two months during the ice-free season
(April through December). Flexibility of exact days and times is
required due to site accessibility issues (some beaches are popular
during the summer months and can only be accessed during the
week or early in the morning) and weather conditions. The pilots
will also be requested to map the sites before and after major
storm events (defined by a Storm Warning issued by the National
Weather Service), which typically occur in the spring and fall.
Storm events in the Great Lakes are typically characterized by
wave heights in excess of 2 m (Hubertz, 1992). When these storm
events are approaching, the research team will contact the pilots
and alert them of the need to map. Ideally pilots will fly a day or
two before the storm and a day or two after. However, this is sub-
ject to safe site access and weather conditions. Once the pilots have
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completed a mission, the imagery is uploaded to a pilot portal cre-
ated by the research team specifically for this project. From here,
the research team takes over and processes the data.

Agisoft Metashape Professional software processed the initial
drone imagery from the individual overlapping images into a 3-D
point cloud. GCP data were entered into Metashape and used to
generate orthomosaic images and DEMs. Some of the GCPs that
were surveyed in the field were used during the processing as
check points to evaluate the horizontal and vertical errors of the
DEMs, which are typically around 5 cm. The orthomosaics and
DEMs were exported out of Metashape in a standard projection
(UTM) and vertical datum (NAVD88) and then imported into
Golden Software’s Surfer and ESRI’s ArcGIS for additional process-
ing. Surfer was used to generate topographic maps and DEMS of
difference (DODs), which visualize the spatial distribution and
magnitude of erosion and accretion zones (Fig. 2). The DODs can
also be used to estimate volume change between surveys as well
as in comparison to previous LIDAR or engineering surveys. Vari-
ous metrics of coastal change can be digitized from the orthomo-
saics in ArcGIS, including the erosion hazard line (Norton et al.,
2011, 2013) and the shoreline (Moore, 2000). These metrics can
be compared to successive drone surveys or can be compared to
historical data generated from aerial photographs. These standard
data products and accompanying interpretation will be shared
with the community and utilized to conduct coastal geomorphol-
ogy research.

Initial coastal monitoring results

Citizen science derived drone data can provide information on
coastal processes, such as beach and dune morphology response
to storms, at time scales that may be difficult for a single research
team to achieve given travel logistics. For example, a storm event
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with wave heights in excess of 5 m occurred along southern Lake
Superior on October 31- November 1, 2020. In response to this
storm, the IC-CREAM team alerted the citizen scientist for the Mar-
quette, MI area to conduct a drone survey as soon as conditions
improved. The citizen scientist mapped the monitoring sites on
November 2, 2020. These data provided decision makers a snap-
shot of what the sites looked like immediately after the storm,
information useful for making repairs or for guiding coastal man-
agement actions. Perhaps more importantly, when this dataset is
Fig. 2. (Top 2 panels) DEMs of Lake Superior Roadside Park near Marquette, MI generate
of erosion and accretion throughout the site in response to a storm event in the fall of 20
that protected the bluff from the extensive erosion that was observed along the eastern
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compared to the previous survey conducted by the citizen scientist
in June of 2020, it provides quantitative information on how the
sites changed in response to the storm event (Fig. 2). This informa-
tion can be used to identify why a given area changed and what
could be done to prevent such change in the future. For example,
the DEMs and DODs from Lake Superior Roadside Park reveal that
the beach morphology had a strong control on bluff erosion during
this storm (Fig. 2). A wider and higher elevation beach was present
along the western edge of the site, which protected the bluff along
d from citizen science drone data. (Bottom panel) DEM of Difference depicting areas
20. Note the wide beach present in June 29, 2020 along the western end of the site
end of the site.
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this stretch from erosion during the storm. In fact, substantial
backshore accretion was documented in response to the event.
Along the eastern end, the narrow beach led to significant erosion
of the beach and bluff during the storm. If prevention of bluff ero-
sion is a management priority at this site, then maintaining a wide
beach is critical.

That same storm system also caused strong winds along the
northern end of Lake Michigan where another IC-CREAM commu-
nity, Manistique, is located. This site was mostly sheltered from the
northwesterly winds that generated large waves at Marquette. The
citizen scientist for Manistique, MI mapped that community’s sites
on November 3, 2020, to document the impacts. While this event
was not as powerful along Lake Michigan as it was on Lake Supe-
rior, some minor coastal erosion was documented at one of the
sites (Township Park; Fig. 3). This comparison of impacts from
the same event between Marquette and Manistique demonstrates
the utility of the citizen science approach to monitoring coastal
change on a regional scale.

In addition to changes in beach and dune morphology, the citi-
zen science monitoring can also reveal changes to the built envi-
ronment in response to storms. An example of this comes from a
Fig. 3. (Top) DEMs of Township Park in Manistique, MI generated from citizen science dr
throughout the site in response to a storm event in the fall of 2020. Note that some area
between the two surveys resulting in apparent erosion or accretion. If volume change e
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site along Lakeshore Boulevard in Marquette, MI. This site is a
mix between a shoreline that is armored with a rock revetment
along its northern half and a more natural sandy beach and low
elevation foredune along its southern half. In response to the Lake
Superior storm event, substantial erosion was documented along
the more natural southern end (Fig. 4). Minimal change was
observed along the armored stretch of the coast, however, some
rocks along the revetement were displaced (Fig. 4). It is possible
that the erosion along the southern end of the site was enhanced
by the northern revetment, as these types of structures tend to pro-
mote scour of downdrift sites (Terpstra and Chrzastowski, 1992;
Theuerkauf et al., 2019).

Program next Steps: Dissemination of data to communities and
Great Lakes-Wide expansion

Once imagery is collected by the citizen scientists, processed,
and analyzed by the research team, results are shared with the
community to inform decision-making and educate the public on
coastal processes. This is the current stage of the IC-CREAM pro-
gram, as the initial steps of establishing sites and getting citizen
one data. (Bottom panel) DEM of Difference depicting areas of erosion and accretion
s along the northwestern edge of the site experienced changes in vegetation cover
stimates were to be generated from these maps these areas must be excluded.



Fig. 4. (Top left and bottom left) Orthomosaic images generated from the citizen science collected imagery for a site near Lakeshore Boulevard in Marquette, MI. (Top middle
and bottommiddle) DEMs generated from citizen science collected imagery. (Bottom right) DOD documenting erosion in response to the fall 2020 storm as well as movement
of rocks on the revetment (inset).
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scientists trained and flying have been completed. While some pre-
liminary data sharing related to the fall 2020 Lake Superior storm
has occurred with stakeholders in Marquette, additional collabora-
tion with all of the communities to develop effective data and
611
information sharing products and strategies will be a key focus
of the next year. Initially, basic products such as DODs and erosion
hazard line movement, along with commentary by the research
team will be shared with community stakeholders for feedback.
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The research team will then work with the communities to incor-
porate their feedback and ensure delivered data products and
results are useful for community management objectives.

Outreach to the broader public will also be a focus in the next
year and will be accomplished through both the PicShores mobile
app and community-education facilitated by citizen scientists. The
PicShores mobile app can be used by anyone in the Great Lakes
region to document coastal hazards and explore how disparate
communities might be affected by the same storm event or lake
level changes. An important aspect of this program is to help edu-
cate citizens on coastal processes. One way to do this is to encour-
age the citizen scientists to share their work with the community.
Studies have shown that one of the benefits of citizen science is to
increase public support for science (Bonney et al., 2016). Focus
group data support this benefit and suggest citizen generated data
will enhance community support for the project. Focus group data
also indicate that this program will provide much needed data to
communities who have a need to understand and benchmarks
changes in the coastline over time. Participating communities also
see a need for collaborative approaches to coastline management
and are looking forward to information sharing about strategies
to protect one of Michigan’s biggest natural resources. Thus, the
team will explore whether information sharing across communi-
ties enhances the knowledge base of parties involved in protecting
the Great Lakes shoreline.

The first phase of the IC-CREAM program, develop and imple-
ment a citizen science coastal change monitoring program in the
Great Lakes was successful. Imagery are being collected and pro-
cessed at a number of sites for a number of events. Next year, this
initial success will be expanded through the release of the PicShores
app aswell as the remaining image processing and dissemination of
the results to the local communities. PicShores has been developed
and is operational, the research team is currently working to release
it through the AppStore and Google Play. Currently, the web appli-
cation, which can be used on a mobile device, is available to the
public. Over the next year, the research team will continue to sup-
port the citizen science network in data collection, promote broad
participation in citizen science through the PicShores app. The team
will also disseminate images, results, and knowledge gleaned from
the citizen science data back to the communities. Beyond these data
collection and data sharing efforts, the research team ultimately
aims to expand the program to all Great Lakes states to help
empower decision makers to conduct data-driven coastal manage-
ment and educate the public on the dynamic nature of the Great
Lakes shores. To do this a two-phased approach will be employed.
First, we look to strengthen the community engagement compo-
nent of the project through outreach activities directed at under-
standing data needs and understanding. Second, we look to
expand the program, to do this the team will apply for additional
funds to purchase drones and other equipment so that the team
can recruit more communities and begin to train more citizen sci-
entists to fly drones and map the dynamics of the Great Lakes
shoreline in multiple states. However, it should be noted that even
now, though the use of our PicShores app, any community can
begin the process of taking part in the IC-CREAM program.
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