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Where to start? A new citizen science,
remote sensing approach to map recreational
disturbance and other degraded areas for
restoration planning
Helen I. Rowe1,2 , Daniel Gruber3,4, Mary Fastiggi1

This UNDecade on EcosystemRestoration highlights the capacity of restoration tomitigate trends in biodiversity loss and land deg-
radation. However, many managers lack the tools they need to systematically and comprehensively identify degraded sites to prior-
itize restoration efforts given limited resources. We developed a novel, inexpensive, low-tech approach for training and engaging
citizen scientists to identify recreational impacts andother degraded areaswithin adefinedunforested area.Themappingprocess fol-
lows fourphases: (1)Landscape scansbycitizen scientists usingGoogleEarthPro imagery; (2)A second scanof allmarked sitesbased
on high resolution aerial photography; (3) Compilation of basic information about the degraded sites; (4) Addition of associated soil
type and plant communities. In the 12,375 haMcDowell Sonoran Preserve (Scottsdale, Arizona), we detected 67 new sites not previ-
ously identified by landmanagers, using an estimated 305 citizen scientist hours and only 30 staff hours. Each site has accompanying
information including distance from nearest access point, cause of degradation, and plant and soils detail. After completion, we con-
ducted independent field visits of 33% of the detected sites and verified degradation in all cases. We found that the remotely sensed
approach provided better perspective to accurately measure the scale and original source of degradation compared with field visits.
The approach can be conducted over a short period of time using citizen scientists, allowsmanagers to undertake landscape level res-
toration prioritization and planning, and, if repeated, can be used to monitor changes in degradation and restoration over time.
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Implications for practice

• The method accurately and systematically identifies areas
with bare ground or severely reduced vegetative cover
and unauthorized recreation trails in ecosystems not
obscured by dense forest cover.

• It can accurately identify smaller sites (to 100 m2) than
most currently available approaches.

• This approach supports restoration planning, including set-
ting priorities across a complete set of degraded sites and
selecting site-appropriate plant species. If repeated, it can
be used to monitor degradation or regeneration over time.

• This field-verified, inexpensive, and low-tech approach can
be accomplished through citizen science, using public infor-
mation and common Geographic Information System tools.

• Aerial assessment of the size, shape, and cause of
degraded areas tend to be more accurate and efficient than
ground surveys.

Introduction

Amid a crisis of biodiversity loss (Ceballos et al. 2015) and esti-
mates of degraded lands between 1 and 7 B ha (Gibbs &

Salmon 2015), ecological restoration is seen as an important
pathway to restore and sustain biodiversity, ecosystem services,
and related benefits (Gann et al. 2019). However, in a recent
meta-analysis of 400 studies worldwide documenting recovery
from large-scale disturbances, authors found that, on balance,
active restoration did not speed up the process or result in more
complete recovery than natural recovery after removing the dis-
turbance (Jones et al. 2018). This emphasizes the need for a care-
ful assessment process to evaluate which areas should be
allowed to recover simply by removing ongoing disturbance
and which areas need additional inputs. This kind of planning
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is aided by landscape level planning tools such as maps of
degraded areas, sizes, and cause of disturbance (Clewell
et al. 2005; CBD Secretariat and Society for Ecological Restora-
tion 2019). However, restoration primers either do not provide
guidance on how to map areas in need of restoration (Clewell
et al. 2005) or suggest a combination of expert knowledge and
mapping (CBD Secretariat and Society for Ecological Restora-
tion 2019). Currently, land managers in the northern Sonoran
Desert gather and map degraded sites as information becomes
available, rather than on a systematic basis (Personal communi-
cation with regional land managers, McDowell Sonoran Pre-
serve, Phoenix Preserves, Maricopa Regional Parks, 2020)
which may lead to incomplete information of degraded areas.
This, in turn, may lead to expending limited resources on resto-
ration sites that may not be highest priority, given full knowl-
edge of all sites. The lack of such information also impedes
the ability to track natural regeneration of these sites over time.

Researchers have developedmethods to apply remote sensing
to identify and quantify land degradation at the regional to
global scale, for national and regional land use planning and
to meet international sustainable development goals and biodi-
versity targets (Dubovyk 2017; Dong et al. 2019). These large-
scale assessments use satellite imagery to detect land conditions
and changes over time, including the conversion of natural open
space to agricultural use or urban development (Jantakat
et al. 2019; Gupta & Sharma 2020) and to track large scale
recovery (Ghaffarian et al. 2020). These techniques typically
use land-use/land-cover classifications (Xun & Wang 2015;
Dubovyk 2017; Jantakat et al. 2019; Ghaffarian et al. 2020;
Gupta & Sharma 2020) or normalized difference vegetation
index (NDVI) (Higginbottom & Symeonakis 2014; Reeves &
Baggett 2014) to assess change.

More sophisticated approaches are developed continually.
Conservation International recently launched a database called
Trends.Earth that maps degradation as changes in land produc-
tivity (using changes in NDVI, Rain Use Efficiency, residual
trend, and water use efficiency) and land cover (using changes
in land cover) across the globe using satellite data. This effort
represents a step-change in measuring these trends consistently
and supports reporting for national and international targets
(Trends.Earth 2018). The Rangeland Analysis Platform uses
multiple, large training databases to improve the accuracy of
ground cover estimates including bare ground (Allred
et al. 2021). Increasingly, scientists are also employing remote
sensing for monitoring restoration outcomes, as resolution and
access to the technology improves (e.g., Reif & Theel 2017).
The recent development of Google Earth Engine has drastically
improved access for all of this work by providing free satellite
images and a platform for advanced analysis techniques. How-
ever, while the access, resolution, and tools for large-scale land-
scape evaluation continue to improve, the processing is
complex, requires advanced training not readily available to
many land managers, and generally has insufficient resolution
to identify the smaller-scale degraded areas associated with,
e.g., inappropriate recreational use. However, attempts are being
made to create simpler approaches with higher resolution (Lee
et al. 2018).

Increasingly, professionals have recognized volunteer citizen
scientists as valuable and often essential assistants in conducting
scientific work (Silvertown 2009; Henderson 2012). Not only
are citizen scientists a source of labor, but many also have useful
computational or managerial skills, and involving them can further
the outreach and education goals of many projects
(Silvertown 2009; Henderson 2012). However, in order to ensure
high-quality work from volunteers, project leaders must provide
appropriate motivation and oversight including explicit objectives,
well-documented protocols, ample training, and adequate review
and feedback (Silvertown 2009). Because committed volunteers
produce higher quality data (Nerbonne & Nelson 2008), they
should be used for more than just data collection and also partici-
pate in analyzing and reporting results (Henderson 2012).

Because of the demonstrated ability of trained citizen scientists
to do high-quality work with proper supervision, we developed
and tested a method that utilizes them to address the need for
low-cost identification of small-scale degradation for restoration
planning. This novel, citizen science approach is designed to com-
prehensively identify recreational impacts such as trail widening
or spider trails and degraded areas with little or no vegetation at
a landscape level in natural, open spaces without dense tree cover.
It should be noted that this technique cannot identify plant commu-
nity shifts associated with degradation such as shrub encroach-
ment or grazing damage. The approach uses free public and
other generally available imagery, including Google Earth
resources, commonGIS software, and public ecological resources.

Methods

Study Area

Our team of citizen scientists scanned the entire 12,375 ha of the
McDowell Sonoran Preserve (Preserve), Scottsdale, AZ,
U.S.A. from March to August, 2018. The Preserve is located in
the extreme northeast of the Sonoran Desert in the Arizona Upland
region (Fig. 1). The southern portion of the Preserve is mountainous
and there are isolated mountains in the northern area. Elevations
range from 515 to 1,529 m, and excluding peaks the northern area
is generally 200–300 m higher than the southern area. Rainfall var-
ies across the Preserve, ranging from approximately 200 mm/year
in the southwestern area closest to Phoenix to approximately
300 mm/year in the furthest northeastern area. There are 14 biotic
communities in the Preserve (Jones & Hull 2014), most in the
Tropical-subtropical desertlands paloverde—mixed cacti series
(Brown et al. 1979) with small areas ofWarm temperate scrublands
and Warm temperate grasslands.

Restoration Scanning Process

We developed and tested a new approach for training citizen sci-
entists to identify degraded sites within defined boundaries. For
the purpose of detection, we defined degraded areas as sites at
least 100 m2 with severely reduced vegetative cover, bare
ground, or human-caused unauthorized trails or trail clusters.
This definition does not provide differentiation between recently
disturbed areas that may recover on their own and degraded
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Figure 1. Locator map of the McDowell Sonoran Preserve, Scottsdale, AZ, U.S.A.
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areas that may not, thus subsequent field visits will be necessary
for restoration planning. This citizen science restoration scan-
ning process (hereafter CSRScan) can be described in four
phases.

Phase 1: Google Earth Scan

For phase 1 scanning, we used Google Earth Pro (GE), which had
an estimated average resolution of 15–50 cm/pixel depending on
location. To avoidmisidentification of trails orwashes as degraded
areas or duplicative identification of known degraded areas, spatial
data from the City of Scottsdale (CoS), the McDowell Sonoran
Conservancy (the Conservancy, Scottsdale, AZ, U.S.A.), and the
Arizona Department of Water Resources (ADWR) were added
to both GE and to an ArcGIS map (ESRI, 2016, ArcGIS Version
10.6. Environmental Systems Research Institute, Redlands, CA,
U.S.A.) prior to scanning that showed the following attributes:

Preserve trails and service roads (both active and closed); sites pre-
viously identified as degraded; previous restoration sites; the cen-
terline or boundary of water features including washes as defined
by the ADWR 2001 10-ft countywide mapping project; and con-
structed features (e.g. trailheads, equipment yards).

To prepare GE for citizen scientist scanning efforts, we added the
Preserve boundary and a square grid of cells 200 m on each side,
which helped citizen scientists focus their scanning efforts. We also
dividedthePreserveinto20sectionsfromnorthtosouth,eachapprox-
imately 1 km in north–south direction and extending over the entire
width of the Preserve, for an average of roughly 600 ha per section.

We recruited and provided specialized training for citizen sci-
entists from our pool of volunteers who had already received
basic training in the Conservancy organization and scientific
techniques (Fig. 2). A citizen science lead for the project was
selected who has led many previous citizen science projects,
but is not a formally trained scientist. He worked with

Figure 2. Citizen science volunteer involvement in CSRScan process. Citizen science research led by staff scientists has been part of the mission of the McDowell
Sonoran Conservancy (Conservancy) for over a decade. The Conservancy trains volunteers to work on multiple citizen science projects (upper left circles) and
participants were recruited from this pool of volunteers. During project training, the citizen science lead executed the instructions step-by-step on a projected screen on
Google Earth (GE) while participants replicated the process independently on their computers. We defined their task as marking areas that were at least 100 m2 in
extent with no or limited vegetation and human-caused rather than animal-caused or natural features. To reinforce that, we viewed examples of possible degraded sites
(e.g. unauthorized trails) and natural features (e.g. wildlife trails) that could be confused with degraded sites on GE. Following training, participants worked in parallel
to scan assigned portions of the Preserve using the same protocol, forwarding their results to the citizen science lead at the end of Phase 1 (middle blue box). A key
feedback in the process is to share results back with participants to foster ongoing volunteer engagement (middle up arrows).
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Conservancy staff to create the scanning protocol and develop
the training material (Table 1).

Citizen scientists received live, 2-hour training sessions in
which the citizen scientist lead demonstrated the process to the
project team through a live session using GE in which partici-
pants followed along on their own computers (Fig. 2). We also
provided a detailed instruction manual with illustrations for ref-
erence. During the training, the citizen science lead showed how
to scan assigned sections on GE at a scale of about 2.5 cm on
screen equaling 25 m on the ground (i.e. at a scale of roughly
1:1,000). Citizen scientists were instructed to mark (with GE
points, called “placemarks,” or polygons) areas at least 100 m2

in extent with no or limited vegetation and human-caused rather
than animal-caused or natural features (see Fig. 3 for examples).
We taught citizen scientists to distinguish animal use-trail clus-
ters, which tend to be faint and random in direction, from trail
clusters caused by human activity, which tend to be better
defined, more linear, longer, and often have a rationale (e.g. a
shortcut) or a destination (e.g. connection with an official trail)
(see Fig. 3B for an example of a human caused trail cluster).
In an effort to ensure degraded sites were not missed, each
section was scanned independently by two different citizen sci-
entists, and they were instructed to mark locations even when in
doubt or when sites did not meet all the specified criteria.

The 14 citizen scientists engaged on this project spent approx-
imately 2 hours on each area depending on its size and the number
of candidate sites identified, and the initial scans were completed
in about 100 hours of citizen scientist time (Table 1). The 376 dis-
tinct candidate sites identified in this initial scan were saved as
KMZ files and sent to the citizen scientist lead. The citizen scien-
tist lead compiled and reviewed the sites on GE to confirm align-
ment with stated criteria and removed false positives. The
remaining 75 candidate sites were transferred to ArcGIS Online
(AGOL) and ArcMap 10.6. The most common false positives
were washes and animal use trails. Washes or wash extensions
that had developed since the 2001 data provided by ADWRwere
identified by bands of denser vegetation extending from previ-
ously identified washes along topographical drainages.

Phase 2: Aerial Photography Review

In phase 2, the remaining sites were examined on ArcMap 10.6
by the citizen scientist lead using 10 cm/pixel aerial imagery

taken during late 2017 and early 2018. The superior resolution
available in this review resulted in elimination of some previ-
ously identified sites based on stated criteria, adjustment of the
sizes and shapes of some identified areas, and, in a few cases,
addition of sites revealed in the higher-resolution aerial imagery.
Four degraded junctions between 50 and 100 m2 (below the
minimum size requirement) were retained because disturbance
has not stopped in these areas and thus they are likely to increase
in size over time. The second round of review took approxi-
mately 50 hours (Table 1) and resulted in a draft final list of
51 degraded sites, which were converted to polygons showing
the approximate impacted area.

A final review was performed using AGOL and the high-
resolution aerial imagery by the staff project leader, who was
provided with both the 75 candidate degraded sites and the
51 proposed final sites. After reviewing the candidate sites, dis-
cussion between the staff and citizen scientist leads, and field
examination of a few easily reached locations, a final list of
67 degraded sites was developed. This concluding review took
less than 10 hours (Table 1).

Phase 3: Reference Tables

In phase 3, using information fromArcMap, we developed a ref-
erence table to summarize information on the identified
degraded sites useful for later priority-setting activities, includ-
ing area, distance to the nearest access (official trail, official ser-
vice road, or paved road), and disturbance type. The types of
disturbance on the Preserve were categorized as follows:

(1) Unauthorized trail cluster, that is, several use trails in a com-
pact area. These were most common near boundaries with
developed areas or as shortcuts between existing trails or
service roads.

(2) Areas adjacent to trails, such as large local bare areas of trail
widening.

(3) Widening at trail or service road junctions, where the junc-
tions widened into large bare triangles due to short-cutting.

(4) Previously impacted areas, such as old prospecting sites and
closed areas where disturbance has stopped, but the site has
not recovered.

(5) Other types describing specific situations like scenic view
areas where disturbance has not stopped.

Table 1. Approximate time spent by citizen scientists and staff for each CSRScan phase of the project completed for the 12,375 haMcDowell Sonoran Preserve,
Scottsdale, AZ, U.S.A. “Protocol and training preparation” material is available upon request.

CSRScan phase
Citizen scientist time

(hours)
Citizen scientist lead time

(hours)
Staff time
(hours)

Total time
(hours)

Protocol and training preparation 40 10 50
Citizen scientist training 20 5 25
Phase 1: Citizen scientist remote sensing scan 100 - 100
Phase 2: Scanning reviews 50 10 60
Phase 3: Associated degraded area reference table 20 - 20
Phase 4: Additional restoration resources: plants

and soils
40 10 50

Total hours 120 155 30 305
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Phase 4: Additional Restoration Resources: Plant and Soils

The USDA Natural Resources Conservation Service (USDA
NRCS) Web Soil Survey (WSS) provides Ecological Site
Descriptions (ESDs) across most of the United States that can
be helpful in identifying the native species associated with the
soil type of a specific area (Soil Survey Staff, Natural Resources
Conservation Service, United States Department of Agriculture
2018). To access this information, we established an “area of
interest” that covered the Preserve, then generated a soil map
for that area and included it as a layer in the restoration map
(Fig. 3). On the ArcMap, AGOL, or GE map of the area scanned
for degraded sites, one can zoom to a specific degraded site,
observe the map unit(s) of the local soil, and then download an
ESD associated with the specific soil type. Each ESD document
includes a state and transition model that describes the general
impact on local species of ecological transitions such as the
introduction of exotic species or degradation followed by
extended recovery and provides a list of plant species in the
potential plant community generally associated with the

particular soil type of the ESD, listed as the “historical climax
plant community” (Natural Resources Conservation Service,
United States Department of Agriculture 2021). These species
lists can provide the basis for deciding what seed mix or trans-
plants are most appropriate in restoration of a specific degraded
site. However, because the plant communities listed in the ESDs
are generalized with soil type and not specific to any particular
location, we refined these by comparing them with the native
flora list for the Preserve (McDowell Sonoran Conser-
vancy 2014). The U.S. Geologic Survey (USGS) has developed
a restoration priority list of Sonoran Desert plant species
(T. Esque 2018, personal communication). This sheet is useful
for choosing species with particular habitat benefits to wildlife
and pollinators and for identifying species that may be easier
to propagate. Note that since more than one soil type and associ-
ated plant community may exist at each site, we recommend site
visits to verify soil type(s) and refine a suitable plant list. The
creation of the soil map and assembling Excel sheets for each
ESD type to compare the potential plant community species,

Figure 3. Examples of degraded areas as viewed on Google Earth as follows: (A) Unauthorized trail adjacent to existing trail. (B) Unauthorized human trail
cluster connecting neighborhood outside Preserve boundary to existing trail. (C) Junction of existing trail and abandoned road. (D) Degraded area between
existing trails. Scale varies as shown. The light green (A, B) and red (C, D) lines are authorized trails and the blue line (B) is the Preserve boundary.
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local native flora list, and the USGS priority list required about
50 hours of staff and citizen scientist time (Table 1).

Field Comparison

In November 2020, teams conducted independent, in-person
field surveys of 22 of the 67 sites for two purposes: (1) verify
whether sites identified as degraded in the CSRScans were
degraded when observed on the ground; (2) compare the accu-
racy in estimating degraded site size and type of disturbance
between the CSRScans and the field survey. We chose sites
using a stratified random approach weighted by the number of
degraded sites within three sections of the Preserve. Citizen sci-
entists were trained to collect simple information about the site:
(1) measure the area of the site and (2) describe the disturbance
type (area adjacent to trail, trail junction, trail cluster, old
impacted area, other). The teams were “blind,” that is, to keep
the verification results independent, they were not given the
results of the 2018 remote sensing scans. We provided detailed
illustrated instructions, an in-field training at an actual degraded
site, and maps and centroid coordinates for each of the verifica-
tion sites.

Disturbance size was measured in at least one of two ways,
using the “Area Calculation” function on a handheld Garmin
GPS unit and/or using the polygon feature of the ESRI ArcGIS
Collector app. The two measurement approaches were used

because not all teams had GPS units and in case of difficulty
using either measurement function. Both measurements were
collected and reported as means for 19 of the 22 sites and in
all but two cases the measurements were within 10% of each
other (Table 2). In one of the two outliers, the two measurements
differed by 25% but bracketed the CSRScan result. In the other
case, the two results differed by 17% and both were substantially
less than the scanned result. The teams were instructed to be
conservative in the area measurements and limit the site perim-
eter to include only visibly degraded areas (e.g. human-caused
tracks) or areas with substantially less or different vegetation
than outside the selected perimeter.

Once the field surveys were completed, we used ArcMap to
directly compare area measurement polygons and type of distur-
bance category from the field survey with CSRScan results,
using the same 2017–2018 high-resolution aerial photos used
in stage 2.

Results

CSRScan

This project identified 67 previously unknown degraded
areas, that is, polygons, 63 of which were at least 100 m2

in size (Fig. 4; Table S1). Of the disturbance types catego-
ries, 20 were widened areas adjacent to trails, 17 were

Table 2. Field comparison results. Size and type of disturbance as estimated through the remote sensing project and the field verification. The area% difference
was calculated by subtracting the remote sensed area from the average of the GPS and Collector app measurements (except for the sites marked with *, indicating
only GPSwas used) of area and dividing by the remote sensedmeasurement. Plus sign (“+”) indicates that the verification confirmed the same disturbance type as
identified through the remote sensing scan. Degraded types are defined as follows: “previous” indicates previously degraded, not ongoing, “trail” indicates trail
widening, “junction” is widened trail junction, and “other”which refers to those that do not fit the other categories and have ongoing disturbance (either “scenic”
or “stock tank”).

Area (m2) Disturbance type

Site CSRScan Field survey mean % Difference CSRScan Field survey

25 7,123 340 �95.2 Trail cluster +
1 1,259 174 �86.2 Trail cluster Previous
0 11,790 1855 �84.3 Trail cluster Trail; Previous
12 937 225 �76.0 Previous +
19 2,932 827 �71.8 Previous +
40 491 155 �68.4 Junction Trail
62 2,045 706 �65.5 Previous +
48 642 227 �64.6 Trail Previous
50 4,180 1,534 �63.3 Previous +
24 377 161 �57.3 Trail +
44 234 105 �55.1 Other: Scenic Trail
27 341 157 �54.0 Trail Junction
57 1,151 560 �51.3 Previous Old roads
28 366 200 �45.4 Previous +
37 595 455 �23.5 Trail +
35 428 330 �22.9 Trail +
41* 208 180 �13.5 Previous +
7 298 277 �7.0 Trail +
16 2,442 2,514 2.9 Other: Stock tank Trail; Previous
4* 4,817 5,700 18.3 Trail cluster +
14 84 118 40.5 Junction +
8* 131 254 93.9 Junction +
Total 42,871 17,054 �60.2
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previously impacted areas, 13 were widened trail junctions,
9 were unauthorized trail clusters, and 8 were other types
of disturbance (Table S1). The entire effort took an estimated
305 hours, with only 10% of that time required by staff
(Table 1).

The sites we mapped ranged from 53 to 11,727 m2

(Table S1) with a total of 10.5 ha. The previously mapped
areas provided by the City of Scottsdale ranged from 184 to
37,609 m2 and totaled 18.7 ha, for a cumulative total of
29.2 ha in the Preserve. The previously mapped disturbances

Figure 4. Map of degraded area scan results in the McDowell Sonoran Preserve, Scottsdale, AZ, U.S.A.
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were largely under or adjacent to the high voltage power lines
that cross the northern section of the Preserve and in utility
rights-of-way.

Field Comparison

We verified that all 22 sampled sites were degraded (Table 2).
For the 22 sampled sites, the CSRScan identified 42,871 m2 as
degraded compared with 17,054 m2 through field surveys. The
sizes of 18 of the 22 degraded sites were perceived to be over
20% smaller (16) or larger (2) as measured by the field teams
compared to the CSRScans. Through the aerial photography
review, we confirmed that in all 16 cases where the CSRScans
were greater than 20% larger than field surveys, the CSRScan
result was more accurate. In these cases, the field teams had
not observed the full extent of the degraded sites, likely due to
obscured views, that is, vegetation, washes, hilly, or rocky ter-
rain. In the two remaining cases (both trail junctions), field sur-
vey polygons encompassed more of the irregular shape
compared with quadrilaterals (CSRScan); actual differences
were still relatively small (Table 2). The full extent of a number
of degraded sites, especially unauthorized trail clusters, was
more easily visible using remote sensing than from the ground.

In comparisons of disturbance type category, the field visit
results were in agreement with 14 of the 22 (64%) CSRScan
observations (Table 2). For the eight cases not in agreement,
we reviewed the 2017–2018 high-resolution aerial imagery
and found that in seven of the eight cases, the CSRScan results
were accurate, but the remaining case was ambiguous. These
comparisons illustrate a distinct benefit of identifying and view-
ing degraded areas using remote sensing rather than trying to
discover and measure them from the ground.

Technology Limitations

Google Earth imagery tends to be higher resolution and more
frequently updated in or near urban areas, but less available in
protected areas (Lesiv et al. 2018). Similarly, reasonably current
high-resolution aerial photos generally are available for urban
and suburban areas but are less common for rural or isolated
areas. These potential information limitations mean that this
method generally will provide more detailed and better-defined
results in urban or near-urban areas. The resolution of GE imag-
ery can vary by as much as 15 m to 10 cm (Lesiv et al. 2018). It
is possible to identify bare dirt areas even in locations where
only moderately high-resolution imagery (e.g. 20–50 cm/pixel)
is available. However, sometimes aerial photography is avail-
able at a higher resolution (commonly 10–25 cm/pixel) through
local government agencies who use it to track development or
other uses. At the higher resolution, scanners will be able to
detect small vegetation not visible at lower resolution and be
able to remove false positive tagged sites identified in phase 1
scans. It is also important that recent images are used to ensure
scanning represents the current or recent state of an area, rather
than identifying sites that have regenerated or missing areas that
have been degraded since the imagery was taken. Finally, loca-
tions in GE can vary in terms of accuracy due to problems with

georeferencing, but this depends on location (Visser &
Both 2005). In our case, the GE locations were accurate as ver-
ified through the high-resolution aerial photographs and field
surveys.

Discussion

We have developed an inexpensive, citizen science approach to
successfully identify degraded sites for landscape level restora-
tion planning. Previous work to detect degraded lands at the
landscape scale has involved the use of remote sensing (satellite
and aerial imagery) to detect large-scale land use changes
through comparisons of land use classifications, NDVI, or other
parameters over time (Dubovyk 2017). Similarly, others are
using GE for conservation purposes, e.g., assessments of river
ecosystem services assessment (Large, Gilvear 2015) and map-
ping and characterizing limestone hills in Malaysia for prioriti-
zation of conservation efforts and long-term monitoring (Liew
et al. 2016). Klemas (2013) describes a wide range of remote
sensing tools and analysis techniques available for wetland
assessments, selecting suitable restoration sites for wetlands,
and monitoring restoration success through detection of changes
in wetland extent and quality, function, buffers, and other
important variables (Klemas 2013). However, these techniques
require advanced tools and techniques. The CSRScan approach
can be used to identify degraded sites as small as 100 m2 in large
(approximately 10,000 ha) protected lands with 250–300 hours
of work, 90% of which can be performed by citizen scientists
without complex processing. If repeated, it can be used to mon-
itor changes in degradation or land uses over time.

The CSRScan process relies on being able to view the ground
to identify bare patches in vegetation. Thus, it may be difficult to
distinguish between naturally occurring gaps in forest or dense
shrub cover and degraded areas. However, others offer
approaches for using GE orMicrosoft Bing maps to monitor for-
est canopy change over time to detect degradation or recovery
(Ploton et al. 2012; Lesiv et al. 2018) or detect relative abun-
dance of non-native trees in forested systems (Doi & Ranamu-
khaarachchi 2010). Because the CSRScan focuses on detecting
bare ground rather than detecting differences in vegetation as
done by more complex remote sensing approaches, our
approach may miss some disturbances in which vegetation has
vastly changed, e.g., conversion to a different state through inva-
sive species or heavy grazing. The ability to detect invasive spe-
cies through other remote sensing approaches has made
considerable progress, but still have limited area coverage
(Unmanned Aerial Vehicles), require proper timing coincident
with invasive species phenology, and demand complex proces-
sing techniques (Müllerov�a et al. 2017; Jensen et al. 2020; Papp
et al. 2021). The ability to detect land cover change requires
acquisition of the correct time series of satellite data and com-
plex processing (Dubovyk 2017) and is still not at sufficient res-
olution to detect small scale changes, but may be useful for
broader landscape level changes (e.g., Trends.Earth 2018).
While the CSRScan does not detect invasive species or other
changes in vegetation, our approach does provide unique value
by efficiently identifying visibly degraded sites with bare
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ground, sparse vegetation, or unauthorized trails over large areas
and provides accurate information useful for effective prioritiza-
tion and planning at a low cost.

The CSRScan maps and associated tables can be used in a
number of ways to prioritize restoration according to conserva-
tion of biodiversity, supporting ecosystem services, or enhanc-
ing the integrity of protected areas, for example (CBD
Secretariat and Society for Ecological Restoration 2019). The
CSRScan products include spreadsheets for sorting sites accord-
ing to size, type of disturbance, and access to help with prioriti-
zation and planning efforts. Paired with the USDANRCS ESDs,
the maps and associated tables provide rich information that can
help managers best choose areas for restoration given limited
resources, and help plan what plant species to include if choos-
ing to seed or plant. With these resources, managers should visit
sites to verify soils and identify nearby plant community compo-
sition to help guide restoration decisions. There are many
resources currently available to help guide planning, implement-
ing, and monitoring restorations once sites have been identified
and prioritized (Gann et al. 2019).

Utilizing citizen scientists reduces costs and speeds the pro-
cess dramatically. By having multiple volunteers working in
parallel, elapsed project times could be as short as several
weeks. However, it must be emphasized that citizen scientists
require detailed training and support to execute their tasks cor-
rectly. In our case, we were able to have a citizen scientist lead
conduct the majority of the work. However, it may not always
be possible to recruit a citizen scientist willing or able to
accomplish these tasks, therefore staff time required may be
higher. Freely available software and resources (Google Earth
and the USDANRCSWeb Soil Survey online instrument) also
keep costs low. Although the CSRScan approach requires
access to GIS software, such software may be available at
low-cost to nonprofit organizations and others and QGIS (from
the Open Source Geospatial Foundation accessed at https://
qgis.org/en/site/) is a free alternative. Potentially the most chal-
lenging resource to obtain is high-resolution aerial photos of
the area being surveyed, but the satellite imagery available on
Google Earth can be used with less precision as an alternative.
The availability of augmenting shape files, which are vital for
the process, may also present a challenge. These shape files,
showing boundaries, trails, roads, utility corridors, constructed
features (equipment yards, trailheads, gates), sites where active
restoration already is underway, and natural features like
washes, helps volunteers focus their scans on accurately
detecting new degraded sites, instead of marking known fea-
tures or disturbances, and keeping the scan located within the
overall boundary.

Acknowledgments

We thank the citizen scientists at McDowell Sonoran Conser-
vancy for their scanning work on this project, especially
S. Coluccio, C. Englehorn, F. Farina, F. Grinere,
D. Langenfeld, R. Lipfert, R. Parsons, A. Ranz, L. Rivera,
M. Smilg, M. Toledo, and M. Wunch. We acknowledge City
of Scottsdale for funding this project and S. Hamilton, in

particular, for providing information critical to the effort, includ-
ing digital mapping layers and boundaries. We appreciate the
reviews of two anonymous reviewers and the editor who helped
strengthen this manuscript.

LITERATURE CITED
Allred BW, Bestelmeyer BT, Boyd CS, Brown C, Davies KW, Duniway MC,

Ellsworth LM, Erickson TA, Fuhlendorf SD, Griffiths TV, et al. (2021)
Improving Landsat predictions of rangeland fractional cover with multitask
learning and uncertainty. Methods in Ecology and Evolution 12:841–849.
http://doi.org/10.1111/2041-210x.13564.

Brown D, Love C, Pase C (1979) A digitized classification system for the biotic com-
munities of North America, with community (series) and association examples
for the Southwest. Journal of the Arizona-Nevada Academy of Science 14:1–16

Bodmer K, Earll S, Gruber D, Haughey R, Jones S, Rutowski R, Thurber W,
Weber D (2014) The flora and fauna of Scottsdale’s McDowell Sonoran
Preserve. McDowell Sonoran Conservancy, Scottsdale, Arizona, U.S.A.

CBD Secretariat and Society for Ecological Restoration (2019) A companion to
the short-term action plan on ecosystem restoration. Convention on Biolog-
ical Diversity, Society for Ecological Restoration, Forest Ecosystem Resto-
ration Initiative. Montreal, Canada (2019)

Ceballos G, Ehrlich PR, Barnosky AD, García A, Pringle RM, Palmer TM (2015)
Accelerated modern human–induced species losses: Entering the sixth
mass extinction. Science Advances 1:e1400253. http://doi.org/10.1126/
sciadv.1400253.

Clewell A, Rieger J, Munro J (2005) Pages 1–16. Guidelines for developing and
managing ecological restoration projects. 2nd edition. Society for Ecologi-
cal Restoration, Washington, D.C., U.S.A.

Doi R, Ranamukhaarachchi SL (2010) Discriminating between canopies of natu-
ral forest. International Journal of Agriculture and Biology 12:921–925.

Dong J, Metternicht G, Hostert P, Fensholt R, Chowdhury RR (2019) Remote
sensing and geospatial technologies in support of a normative land system
science: status and prospects. Current Opinion in Environmental Sustain-
ability 38:44–52. http://doi.org/10.1016/j.cosust.2019.05.003.

DubovykO (2017) The role of remote sensing in land degradation assessments: oppor-
tunities and challenges. European Journal of Remote Sensing 50:601–613

Gann GD, McDonald T, Walder B, Aronson J, Nelson CR, Jonson J, Hallett JG,
Eisenberg C, Guariguata MR, Liu J, et al. (2019) International principles
and standards for the practice of ecological restoration. Second edition.
Restoration Ecology 27. http://doi.org/10.1111/rec.13035.

Ghaffarian S, Farhadabad AR, Kerle N (2020) Post-disaster recovery monitoring
with Google Earth engine. Applied Sciences 10:1–15

Gibbs HK, Salmon JM (2015) Mapping the world’s degraded lands. Applied
Geography 57:12–21

Gupta R, Sharma LK (2020) Efficacy of spatial land changemodeler as a forecast-
ing indicator for anthropogenic change dynamics over five decades: a case
study of Shoolpaneshwar Wildlife Sanctuary, Gujarat, India. Ecological
Indicators 112:106171

Henderson S (2012) Citizen science comes of age. Frontiers in Ecology and the
Environment 10:283

Higginbottom TP, Symeonakis E (2014) Assessing land degradation and desert-
ification using vegetation index data: current frameworks and future direc-
tions. Remote Sensing 6:9552–9575

Jantakat Y, Juntakut P, Plaiklang S, Arree W, Jantakat C (2019) Spatiotemporal
change of urban agriculture using google earth imagery: A case of munic-
ipality of nakhonratchasima city, Thailand. ISPRS - International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences
42:1301–1306. http://doi.org/10.5194/isprs-archives-xlii-2-w13-1301-
2019.

Jensen T, Seerup Hass F, Seam Akbar M, Holm Petersen P, Jokar Arsanjani J
(2020) Employing Machine Learning for Detection of Invasive Species
using Sentinel-2 and AVIRIS Data: The Case of Kudzu in the United

Restoration Ecology August 202110 of 11

Citizen science restoration mapping

https://qgis.org/en/site/
https://qgis.org/en/site/
http://doi.org/10.1111/2041-210x.13564
http://doi.org/10.1126/sciadv.1400253
http://doi.org/10.1126/sciadv.1400253
http://doi.org/10.1016/j.cosust.2019.05.003
http://doi.org/10.1111/rec.13035
http://doi.org/10.5194/isprs-archives-xlii-2-w13-1301-2019
http://doi.org/10.5194/isprs-archives-xlii-2-w13-1301-2019


States. Sustainability 12(9):3544–3559. http://doi.org/10.3390/
su12093544.

Jones HP, Jones PC, Barbier EB, Blackburn RC, Rey Benayas JM, Holl KD,
McCrackin M, Meli P, Montoya D, Mateos DM (2018) Restoration
and repair of Earth’s damaged ecosystems. Proceedings of the Royal
Society B: Biological Sciences 285(1873):20172577–20172584.
http://doi.org/10.1098/rspb.2017.2577.

Jones S, Hull C (2014) Vegetation and flora of the McDowell Sonoran Preserve,
Maricopa County, Arizona. Canotia 10:1–34

Klemas V (2013) Using remote sensing to select and monitor wetland restoration
sites: an overview. Journal of Coastal Research 29:958–970

Large ARG & Gilvear DJ (2015) Using google earth, a virtual-globe imaging
platform, for ecosystem services-based river assessment. River Research
and Applications 31:406–421

Lee J, Cardille JA, Coe MT (2018) BULC-U: sharpening resolution and improv-
ing accuracy of land-use/land-cover classifications in Google Earth Engine.
Remote Sensing 10:1–21

Lesiv M, See L, Laso BJ, Sturn T, Schepaschenko D, Karner M, Moorthy I,
McCallum I, Fritz S (2018) Characterizing the spatial and temporal avail-
ability of very high resolution satellite imagery in google earth and micro-
soft bing maps as a source of reference data. Land 7:118. http://doi.org/10.
3390/land7040118.

Liew TS, Price L, Clements GR (2016) Using Google Earth to improve the man-
agement of threatened limestone karst ecosystems in Peninsular Malaysia.
Tropical Conservation Science 9:903–920
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