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Abstract. Freely available ecosystem service models, like those incorporated in the i-Tree suite of tools, have helped scientists and prac-
titioners estimate the environmental functions and economic benefits associated with their urban forest. Traditionally, professional 
inventory crews have been used to collect the inventory data needed for these models, but several cities have established crowdsourcing  
platforms to allow volunteers to map and inventory trees. Students in this study hosted and participated in an Arbor Day inventory 
collection event, using a newly released crowdsourcing application for mapping trees and estimating ecosystem services. The stu-
dents located, identified, and measured trees on the University of South Florida campus (Tampa, Florida, U.S.) after a brief training 
session. After the one-day event, a more rigorously-trained field crew attempted to relocate the inventoried trees to assess the accu-
racy and variability of the data collected. Of the 339 trees inventoried at the original event, only 57.8% (n = 196) had coordinates that 
were accurate enough to re-measure. Of the 196 re-measured trees, 91.3% (n = 179) were correctly identified. However, only 47.9% 
(n = 91) of trees had dbh measurements within a one inch (2.5 cm) threshold for accuracy. Results of this experiment offer insights 
for communities looking to host special inventorying events to increase participation in crowdsourcing tree inventory initiatives. 
	 Key Words. Citizen Science; Crowdsourced Data; Data Accuracy; Data Quality; Ecosystem Services; Florida; Tree Inventory; 
Urban Forestry.

Citizen scientist crowdsourcing events have evolved 
as a viable method for conducting ecological sur-
veys (Kosmala et al. 2016; Ratnieks et al. 2016). 
These events allow trained volunteers, or even the 
general public, to participate in the scientific pro-
cess where they collect and archive data that can 
be used to answer questions the participants feel 
are important or interesting. With the prolifera-
tion of smartphones and alternative communica-
tion devices, many data-collection initiatives have 
benefited from the use of mobile or internet-based 
applications, such as Noise Tube, an intiative that  
crowdsources audio from urban communities 
to document noise pollution (Noise Tube 2018). 
Once submitted, data entered via these applica-
tions are uploaded to a project database. Often, 
some or all of the data are open-access, empower-
ing communities to ask their research questions or 
otherwise draw on data for their management and 
education efforts, as with Globe at Night, an inter-

national campaign used to center public aware-
ness around light pollution (Globe at Night 2015).

Citizen science can be used to monitor abiotic 
(i.e., sound, lumens, water) and biotic (i.e., flora, 
fauna) components of ecological systems, promote 
environmental stewardship, and influence gov-
ernment agencies (Roelfsema et al. 2016). While 
citizen science has received greater attention in 
recent years, it is not an altogether new practice. 
In 1900, Frank Chapman, an ornithological pio-
neer, developed a crowdsourcing event named the 
Christmas Bird Count, which was later managed 
by the National Audubon Society (Dickinson et 
al. 2010). Chapman’s study evolved into a large-
scale atlas that paved the way for contemporary 
citizen science projects and stands, historically, 
as the oldest, most widespread civic engagement 
inventory (Tulloch et al. 2013). Today, volunteer-
derived data have been used to study and manage 
a broad range of plant and animal taxa (Kosmala 
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et al. 2016). In urban forestry, volunteers have 
been used to inventory street trees (Bloniarz and 
Ryan 1996; Cowett and Bassuk 2012), scout for 
diseases (Nannini et al. 1998), and generate the 
data needed to run i-Tree ecosystem analyses 
(Casey Trees 2017; Morgenroth and Östberg 2017).

Despite the potential educational and eco-
nomic advantages of working with volunteer 
data collectors, citizen science poses several 
challenges. Data quality is a fundamental con-
cern in large-scale citizen-science events (Wei-
gelhofer and Pölz et al. 2016). This noted, data 
sets produced by volunteer citizen scientists can 
be on par with data collected by professionals 
with regard to both quality and biases (Kosmala 
et al. 2016). If identified, biases and errors in 
volunteer-derived data can be mitigated sta-
tistically or by further assessing the skills or 
knowledge required for data collection (Kos-
mala et al. 2016). Some find quality data solu-
tions through the use of registered participants 
and continuous training programs (Weigelhofer 
and Pölz et al. 2016). However, this approach 
requires more effort from volunteers, and it 
may be difficult to sustain in the long-term.

In contrast, one-day data collection events 
can harness volunteers’ initial interest in a proj-
ect while avoiding the potential fatigue asso-
ciated with sustained monitoring. Given the 
truncated measurement period, the training 
associated with a one-day data collection event 
is generally scaled down. Researchers speculate 
that the volunteers engaging in civic science 
projects require a detailed training session(s), 
to accurately obtain quality data (Ratnieks et 
al. 2016). What constitutes a detailed train-
ing session is unclear. Beyond reduced train-
ing, one-day data collection events (unless 
repeated periodically) can limit opportunities 
for participants to gain experience with the 
methods employed. Once first-time volunteers 
have gained proficiency in the measurements 
and data collection methods, the event is over. 

While one can debate the benefits and draw-
backs of citizen-science-derived data, the use of 
volunteers may ultimately prove to be the most 
(or only) feasible means for underfunded natural 
resource agencies and urban forest programs to 
implement on-the-ground monitoring. Mobile 

urban forest inventorying applications are avail-
able to facilitate tree mapping and data collec-
tion (Romolini et al. 2012). Like other mobile 
applications, these programs are designed to be 
intuitive and can be linked to internal and online 
references to assist users in making measure-
ments and proper identifications. In this study, 
researchers reviewed records from a one-day 
student-inventorying event on a college campus.  
The student-led event was part of a seasonal 
day of service (Arbor Day) and was intended to 
highlight the recent release of TampaTreeMap, a 
local adaptation of an open source tree data col-
lection and mapping program (OpenTreeMap, 
Azavea, Philadelphia, Pennsylvania, U.S.).

Data collected as part of this one-day event 
were extracted from the online database and veri-
fied by a more rigorously trained quality control 
team for accuracy with regard to tree location, 
species, and measurements. This observational 
study investigates whether citizen scientists can 
conduct accurate measurements, after minimal 
instruction, when assisted by a mobile mapping 
application designed to facilitate crowdsourcing. 
While past works have documented the success 
of longer term inventorying programs (where 
teams of volunteers work for days or weeks), 
this inventory event was limited to a single day. 
Additionally, most assessments of volunteer-
derived data were conducted in temperate North 
America. This study was conducted in a sub-
tropical climate, providing a different range of 
species and species-related measurement chal-
lenges than have been previously documented. 

Moreover, many past studies have been con-
ducted on street trees with more clearly defined 
planting spaces (e.g., tree lawns/terraces). The 
inventorying event documented here was conducted 
in a park-like, campus environment, which neces-
sitated a GPS- or reference-object-based location 
system. Ultimately, this work investigates a real-
world inventory effort, offering insights into the 
value and limitations of one-day data collection 
events and crowdsourcing technology designed 
to help populate urban forest inventory databases.

METHODS
On 17 January 2015 (Arbor Day in Florida, U.S.), 
a one-day volunteer tree inventory event was 
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held at the University of South Florida campus in 
Tampa, Florida, U.S. (28.0587°N, 82.4139°W). Be-
fore the event, organizers divided the campus into 
20 measurement areas to prevent data collection 
overlap. Within these measurement areas, groups 
of Arbor Day volunteers (total n = 60, volunteers) 
were instructed to conduct an inventory of trees 
for two hours. Participants were undergraduate 
college students. They did not receive academic 
credit or any similar compensation for their time.

The groups used an iOS data collection and 
tree mapping application (OpenTreeMap, Aza-
vea, Philadelphia, Pennsylvania, U.S.) and a 
diameter tape to collect data. Prior to being 
sent to their respective measurement areas, 
participants watched a brief PowerPoint® train-
ing session (i.e., 23 slides, or approximately 30 
minutes) that provided instructions on how to 
measure and plot trees using the inventorying 
application and tape provided. The presenta-
tion also showed eight of the most common tree 
species on campus and their defining charac-
teristics. Later, in small groups, the Arbor Day 
inventory event organizers verified each stu-
dent volunteer’s individual ability to identify 
species and measure trees (e.g., dbh). During 
this session, the organizers showed partici-
pants how to locate and record a tree’s geo-
graphic location using an integrated aerial 
map function, enter measurement data, and 
include a photograph of the sample specimen.

After the training, the groups were given a 
campus map showing their assigned measure-
ment area zones. Participants utilizing the 
diameter tape were instructed to measure the 
diameter of mature trees at 1.37 m from the 
tree base. After two hours of participation, the 
student volunteers returned to a nearby lec-
ture hall to complete a survey of their experi-
ence. These evaluations used a standardized, 
19-question questionnaire developed by the 
university to assess student programs. Ques-
tions were a 5-point rating or yes/no depend-
ing on the question asked. The evaluations were 
assessed using descriptive statistics in Excel™. 

During the summer, a more rigorously-trained 
quality control team with three advanced (senior 
bachelor’s degree) environmental science stu-
dents accessed the records online and revisited 

the inventoried trees to recheck the locations, 
species identification, measured trunk diam-
eters, and estimated heights. In addition to 
the tools and resources provided to volunteers, 
the quality control team was equipped with a 
range finding hypsometer (Forestry Pro Laser 
Rangefinder model 8381, Nikon Corporation, 
Tokyo, Japan; height data not reported) and a 
regional field guide not available at the time of 
the original inventorying event (Koeser et al. 
2015). In reassessing the inventoried data, the 
quality control team noted any trees they could 
not find given the coordinates logged, trees 
with incorrectly identified species, and trees 
with trunk diameters above or below a 2.54 cm 
error threshold. When significant differences 
were noted, the records were updated to reflect 
correct identifications and measurements made 
by the quality control team. Pictures were taken 
of any trees requiring additional aid for iden-
tification (provided by faculty supervisors). 

All data used in this study were down-
loaded directly from TampaTreeMap.org. Pro-
gram evaluations were provided to the authors 
by the event planners. As such, the research team 
received an existing data exemption through 
the supervising author’s internal review board.

RESULTS AND DISCUSSION 
Of the 339 trees logged at the Arbor Day inven-
torying event, only 196 were found by the qual-
ity control team, resulting in a re-location suc-
cess rate of 57.8%. In looking at the response data 
from the post-event survey, many participants 
expressed that they had difficulties attempting 
to map trees using the aerial image function. At 
the time, some respondents attributed this to a 
potential but unconfirmed glitch with the appli-
cation used (a locally modified version of Open-
TreeMap), in which multiple users appeared to 
be blocked from making simultaneous data sub-
missions. Even when working seamlessly, the 
mapping function requires some correction from 
the user (GPS is used to provide a rough location, 
but the user drops a “pin” on the tree being in-
ventoried, given their interpretation of aerial im-
ages). Aerial interpretation can take some skill, 
depending on the site and tree coverages. This 
knowledge requirement may have served as an-
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other layer of variation, limiting coordinate ac-
curacy. As a comparison, Crall et al. (2011) noted 
85% of citizen scientists accurately recorded the 
coordinates of invasive plants during a mapping 
event that included a one-day training program, 
even though 69% of their volunteers had little 
or no experience using GPS units. Regardless of 
the underlying cause, many trees mapped by the 
Arbor Day student volunteers were not found. 
Others had unclear coordinates, which made 
it difficult to identify individuals from one an-
other when planted in groups. Without accurate 
coordinates, relocation proved difficult within 
the 7.8 km university campus. Relocation suc-
cess rates for street trees using an address-based 
plot identification system would surely be higher. 
In a four-city study of volunteer street tree data, 
Roman et al. (2017) had little difficulty relocat-
ing trees inventoried by their volunteers. Over-
all, there was approximately 99% agreement 
between the original and re-inventory data sets 
with regard to tree location (Roman et al. 2017).

Of the trees successfully relocated by the quality 
control team, all but 17 (8.7 %) were properly identi-
fied to the species level by the Arbor Day student vol-
unteers. The observed species identification success 
rate of 91.3% was similar to what Roman et al. (2017) 
observed at their Philadelphia (U.S., 89.9%) and 
Malmo (Sweden, 95.5%) sites for their novice partici-
pants (the closest comparison with regard to skill level).

Trunk diameter at breast height measurements 
for the re-inventoried trees ranged from 9.6 to 
109.5 cm. The average diameter was 40.0 cm, with 
a standard deviation of 24.5 cm. The mean differ-
ence between the volunteer-derived diameter data 
and the quality control team-derived data was 2.83 
cm. The median and mode differences were both 0. 
Of the 196 trees relocated, 94 (47.9%) had diameter 
differences less than 2.54 cm. Going beyond this 
original threshold, 123 (62.8%) of the trees were 
originally measured within 5.08 cm of the dbh 
measured by the quality control team. A total of 
138 (70.4%) trees were measured within 7.62 cm 
of the dbh measured by the quality control team. 
For perspective, the Florida Forest Service audits 
every inventory project they fund through their 
matching urban and community grant program. 
When in conversation with several foresters who 
have conducted these data quality assessments, 

differences of 7.62 cm or less would not raise con-
cern (multiple sources, personal communication).

Compared to the work by Roman et al. (2017), 
which featured more rigorously trained volunteers, 
the trunk diameter data collected by volunteers in 
the current study differed to a greater degree when 
compared to the quality control group (Figure 1). 
Roman et al. (2017) found volunteer-derived diam-
eter data differed with their expert group by only 
0.33 cm. Species differences may account for some 
of this difference. For example, Sabal palmetto 
(cabbage palm) can often have large boots (i.e., the 
cut ends of pruned fronds) on their trunks. How 
a diameter tape lays across these could potentially 
impact the measured stem diameter (Figure 1). 

Another explanation for this discrepancy is the 
nature of the two inventories. The quality con-
trol team of the current study had to rely on GPS 
coordinates derived from consumer-grade mobile 

Figure 1. Four most commonly measured taxon during the 
Arbor Day event. The median difference of dbh measurements 
is depicted with a solid black horizontal bar. The differences 
in dbh were compared against the measurements from the 
professionally trained scientists (quality control team). The 
violin plots show the distribution of dbh differences mea-
sured by the citizen scientists. The circles in the graph illus-
trate raw data points (dbh measurements).
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devices and novice interpretation of aerial photos 
in relocating trees. Instances where Quercus vir-
giniana (live oak) and Quercus laurifolia (laurel 
oak) differ significantly are likely cases where a 
different tree was re-inventoried, provided there 
was imprecise location information. These two 
species are among the most common shade trees 
found in Tampa, Florida (Koeser et al. 2016), 
and they appear in groups on the USF campus. 
Given this, citizen science inventory efforts 
may be best suited for street tree populations, 
where location is defined by a physical address.

After analyzing the post-event surveys com-
pleted by the participants, researchers found 
that 69% of the student volunteers felt the inven-
tory event was a positive experience. Addition-
ally, 61.6% of the students reported that their 
involvement with the Arbor Day experience 
allowed them to acquire new skills related to 
arboriculture (Figure 2). A majority of the par-
ticipants rated their coworkers as cooperative 
(92.3%; Figure 2), and many of the participants 
(92%) suggested and agreed that they would 
recommend the experience to other students.

CONCLUSION
While somewhat more challenging due to limita-
tions in participant training and time spent hon-
ing inventorying skills, one-day inventory events 
may be a viable option for cities and institutions 
looking to increase the number of trees entered in 
their management systems. For trees successfully 
relocated, the diameter measurements made by 
student volunteers were acceptable, and species 
identification success rates were on par with those 
published in past studies. The most pressing con-
cern noted in the current study was the inability 
of the quality control group to relocate trees. With 
fewer reference points and higher stocking densi-
ties, open areas like parks and campuses are more 
challenging than streets to inventory and re- 
inventory. This was observed in the relatively low 
relocation success rate. Campuses and cities look-
ing to replicate these efforts with the same mobile 
application should focus their training efforts on 
georeferencing trees with the mapping function, if 
they hope to relocate and update trees in the future. 
Given the nature of the tree mapping function, 
a brief overview of aerial interpretation may be 
useful, especially when trees are located in groups 
or in areas lacking easily identifiable landmarks.

Figure 2. Participant survey responses regarding the value of the experience as a student volunteer. Student volunteers (n = 46) 
noted their agreement to a series of statements using a scale that ranged from 1 (Not at All) to 5 (Completely).
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Résumé. Les modèles gratuits permettant de calculer les services 
écosystémiques, dont ceux intégrés dans la suite d'outils i-Tree, ont 
aidé les scientifiques et les praticiens à évaluer les fonctions envi-
ronnementales et les bénéfices économiques découlant des forêts 
urbaines. Traditionnellement, des équipes professionnelles étaient 
utilisées pour la collecte des données d'inventaire nécessaires pour 
faire fonctionner ces modèles, mais plusieurs municipalités ont eu 
recours à des plate-formes permettant aux bénévoles de cartogra-
phier et d'inventorier les arbres. Des étudiants engagés pour cette 
étude ont animé et participé à une activité lors de la Fête des arbres, 
consistant en l'inventaire d'une collection d'arbres en utilisant une 
nouvelle application développée pour la cartographie des arbres et 
une estimation des services écosystématiques générés par ces derni-
ers. Après une courte session de formation, les étudiants ont localisé, 
identifié et mesuré des arbres sur le campus de l'Université du sud de 
la Floride à Tampa, Floride. Après cet événement d'une journée, une 
équipe plus rigoureusement qualifiée a tenté de relocaliser les arbres 
inventoriés afin d'apprécier la précision et la variabilité des données 
recueillies. Parmi 339 arbres inventoriés lors de l'événement initial, 
seuls 57,8 % (n = 196) des coordonnées se sont avérées aussi précises 
que leur validation ultérieure. Une proportion de 91,3% (n=196) 
des arbres validés avaient été correctement identifiés sur le plan de 
l'espèce. Toutefois, seuls 47,9% (n=91) des arbres montraient une 
mesure du DHP à l'intérieur de la marge de précision d'un pouce 
(2,5 cm) suite à la vérification. Les résultats de cette expérience of-
frent un aperçu pour les communautés qui souhaitent tenir des ac-
tivités d'inventaire de cette nature en vue d'accroitre la participation 
à ces initiatives utilisant de telles plate-formes. 

Zusammenfassung. Frei erhältliche Ökosystem-Service-Mod-
elle, wie diejenigen, die in dem i-tree-Programm zur Verfügung 
stehen, haben den Wissenschaftlern und Praktikern geholfen, die 
ökologischen Funktionen und ökonomischen Vorteile in Verbind-
ung mit ihren urbanen Forsten abzuschätzen. Traditionell wurden 
professionelle Gruppen zur Erhebung von erforderlichen Inven-
turdaten für diese Modelle herangezogen, aber einige Städte haben 
Plattformen zum Sammeln von Freiwilligen etabliert, um mit die-
sen die Bäume in Pläne einzupflegen und deren Daten zu erfassen. 
Studenten dieser Fachrichtung veranstalteten und nahmen teil an 
einem Arbor Day Inventur/Kataster Event, wo kürzlich veröffentli-
che Crowdsourcing-Applikationen für die Standortbestimmung 
von Bäumen und für die Abschätzung des ökologischen Beitrags 
verwendet wurden. Nach einer kurzen Trainingseinheit lokalisi-

erten, identifizierten und maßen die Studenten die Bäume auf dem 
Campus der Universität von Süd Florida (Tampa, Florida, U.S.). 
Nach diesem Tagesevent versuchte eine rigoroser trainierte Grup-
pe die aufgenommenen Bäume zu relokalisieren, um die Akkures-
se und Variabilität der erhobenen Daten zu überprüfen. Von den 
339 am ersten Tag erhobenen Bäumen hatten nur 57,8% (n=196) 
Koordinaten, die akkurat genug waren, um die Bäume aufzufin-
den. Von den 196 erneut gemessenen Bäumen wurden 91.3% (n 
= 179) korrekt identifiziert. Dennoch hatten nur 47.9% (n = 91) 
aller Bäume eine BHD-Messung innerhalb einer Abweichung von 
2,5 cm. Die Ergebnisse dieses Experiments liefert Einsichten für 
Kommunen, die danach schauen, spezielle Inventur Events zu 
veranstalten, um die Teilnahme an Crowdsourcing Baumkataster 
Initiativen zu erhöhen.

Resumen. Los modelos de servicios ecosistémicos disponibles 
de forma gratuita, como los incorporados en el conjunto de her-
ramientas i-Tree, han ayudado a los científicos y profesionales a 
estimar las funciones ambientales y los beneficios económicos 
asociados con su bosque urbano. Tradicionalmente, los equipos de 
inventario profesionales se han utilizado para recopilar los datos de 
inventario necesarios para estos modelos, pero varias ciudades han 
establecido plataformas de contratación pública para que los volun-
tarios puedan mapear e inventariar árboles. Los estudiantes en este 
estudio organizaron y participaron en un evento de recopilación de 
inventarios del Día del Árbol, utilizando una aplicación reciente-
mente lanzada para mapear árboles y estimar servicios ecosistémi-
cos. Los estudiantes localizaron, identificaron y midieron árboles 
en el campus de la University of South Florida (Tampa, Florida, EE. 
UU.), después de una breve sesión de capacitación. Después del 
evento de un día, un equipo de campo con un entrenamiento más 
riguroso intentó reubicar los árboles inventariados para evaluar la 
precisión y la variabilidad de los datos recopilados. De los 339 ár-
boles inventariados en el evento original, solo el 57,8% (n = 196) 
tenía coordenadas que eran lo suficientemente precisas para volver 
a medirlas. De los 196 árboles re-medidos, 91.3% (n = 179) fueron 
identificados correctamente. Sin embargo, solo el 47.9% (n = 91) 
de los árboles tuvieron mediciones de DAP dentro de un umbral 
de una pulgada (2.5 cm) para precisión. Los resultados de este ex-
perimento ofrecen información para las comunidades que buscan 
organizar eventos especiales de inventario para aumentar la partici-
pación en iniciativas de inventario de árboles públicos.




