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a  b  s  t  r  a  c  t

Citizen  science  has been  gaining  popularity  in  ecological  research  and  resource  management  in general
and  in  urban  forestry  specifically.  As municipalities  and  nonprofits  engage  volunteers  in tree  data  collec-
tion, it  is critical  to understand  data  quality.  We  investigated  observation  error by  comparing  street  tree
data  collected  by  experts  to data  collected  by  less  experienced  field  crews  in Lombard,  IL; Grand  Rapids,
MI;  Philadelphia,  PA;  and Malmö,  Sweden.  Participants  occasionally  missed  trees  (1.2%)  or counted  extra
trees (1.0%).  Participants  were  approximately  90%  consistent  with  experts  for site type,  land  use,  dieback,
and  genus  identification.  Within  correct  genera,  participants  recorded  species  consistent  with  experts
for  84.8%  of trees.  Mortality  status  was highly  consistent  (99.8%  of live  trees  correctly  reported  as  such),
however,  there  were  few  standing  dead  trees  overall  to  evaluate  this  issue.  Crown  transparency  and
wood  condition  had  the poorest  performance  and  participants  expressed  concerns  with  these  variables;
we  conclude  that these  variables  should  be  dropped  from  future  citizen  science  projects.  In  measuring
diameter  at  breast  height  (DBH),  participants  had  challenges  with  multi-stemmed  trees.  For  single-stem
trees,  DBH  measured  by  participants  matched  expert  values  exactly  for 20.2%  of trees,  within  0.254  cm
for 54.4%,  and  within  2.54  cm  for  93.3%.  Participants’  DBH  values  were  slightly  larger  than  expert  DBH on
average  (+0.33  cm),  indicating  systematic  bias.  Volunteer  data  collection  may  be a viable  option  for  some
urban  forest  management  and  research  needs,  particularly  if genus-level  identification  and  DBH  at coarse
precision  are  acceptable.  To  promote  greater  consistency  among  field  crews,  we  suggest  techniques  to
encourage  consistent  population  counts,  using  simpler  methods  for multi-stemmed  trees,  providing  more
resources  for  species  identification,  and  more  photo  examples  for other  variables.  Citizen  science  urban
forest inventory  and  monitoring  projects  should  use  data  validation  and  quality  assurance  procedures  to
enhance  and  document  data  quality.

Published  by  Elsevier  GmbH.

1. Introduction

Citizen scientists have been involved with ecological monitor-
ing across a range of programs, expanding public engagement in
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research (Dickinson et al., 2012). In the ecological sciences, cit-
izen science engages the public in authentic research, typically
through volunteers collecting field data (Dickinson et al., 2012),
which promotes environmental awareness, scientific literacy, and
social capital (Cooper et al., 2007; Bonney et al., 2009; Conrad and
Hilchey 2011; Crall et al., 2013). While the data generated by citizen
scientists has been used for research and natural resource manage-
ment (Dickinson et al., 2010; Tulloch et al., 2013), concerns have
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been raised about data quality (Bird et al., 2013; Lewandowski and
Specht 2015).

Assessments of observation error in citizen science have had
mixed results concerning both the level of volunteer accuracy
and implications of those findings for applying citizen science to
research and management. Species misidentification and incom-
plete taxonomic resolution in citizen science projects can lead
to interpretation problems, such as overestimation of species
diversity (Gardiner et al., 2012), and limited research utility of
volunteer-generated species lists beyond community-level assess-
ments (Kremen et al., 2011). For example, Kremen et al. (2011)
found that volunteers missed half the bee groups recorded by
researchers. However, citizen science studies focused on coral reefs,
crabs, and plants have concluded that data collected by volun-
teers was mostly accurate, and sometimes of comparable quality
to data collected by professionals (Delaney et al., 2008; Edgar and
Stuart-Smith 2009; Crall et al., 2011; Butt et al., 2013; Danielsen
et al., 2013). For example, Crall et al. (2011) found that volun-
teer species accuracy for invasive plants was 72%, compared to
88% for professionals, with both groups having lower accuracy for
difficult-to-identify species. These varied studies of citizen science
data quality also had widely different task complexity, with species
identification involving less than 10 to dozens or even hundreds of
species. With the quality of volunteer data as well as task complex-
ity varying by case, and each case having particular data quality
needs, new implementations of citizen science should include pilot
testing and accuracy evaluations.

While data quality from volunteers is sometimes questioned,
field data collected by researchers and their paid crews is not free of
errors. When forest monitoring is conducted by researchers, exam-
ining the extent and sources of error helps to identify best practices
for training crews, conducting field work and managing data (van
Doorn 2014). Whether data are produced by paid or unpaid field
crews, observation errors can be documented and potentially mini-
mized through quality assurance and data validation (Ferretti 2009;
Wiggins et al., 2011), and quantified error can be accounted for in
statistical models (Chave et al., 2004). Evaluations of citizen science
data quality can therefore be viewed in the larger context of best
management practices for ecological monitoring (Lindenmayer and
Likens 2010). As with any ecological research, assessing observa-
tion error in citizen science is critical to both designing effective
programs and determining appropriate uses of the data.

In this paper, we present a pilot study about data quality in urban
tree inventories collected by volunteers. We  focused on street tree
inventories, as street trees are on the front lines of engagement and
management in municipal forestry. Street tree inventories record
the locations and particular attributes of trees in sidewalks and
other street-side environments. Such inventories are used for a
wide range of purposes, including managing tree risk, prioritiz-
ing maintenance, mapping storm-damaged trees, charting species
diversity and size class distribution, and estimating ecosystem ser-
vices (Jim and Liu 2001; Harris et al., 2004; McPherson et al.,
2005; Sjöman et al., 2012; Bond 2013; McPherson and Kotow 2013;
Östberg and Sjögren 2016). Researchers and managers also use
repeated inventories and systematic monitoring to explore trends
in street tree populations, such as composition changes and mor-
tality rates (Dawson and Khawaja 1985; Roman et al., 2013; Roman
et al., 2014). Depending on the particular objectives of urban forest
inventories, the data quality necessary and qualifications of those
collecting the data may  differ.

While street tree inventories are traditionally carried out by pro-
fessional arborists, citizen scientists are now used in many cities.
Examples of citizen science in urban forest management include the
street tree census in New York City, NY (Silva et al., 2013; Campbell
2015), the Tree Inventory Project in Portland, OR (St. John 2011), the
OpenTreeMap software, which has been used in cities in the United

States, Canada and the United Kingdom (www.opentreemap.com,
Kocher 2012), and survival monitoring for planting programs across
the United States (Roman et al., 2013; Silva and Krasny 2014). Cit-
izen science can improve volunteer knowledge about trees (Cozad
2005) and some authors have suggested that engaging volunteers in
data collection can build support for municipal and nonprofit pro-
grams (McPherson 1993; Bloniarz and Ryan 1996). The application
of citizen science in urban forestry builds on a rich tradition of vol-
unteerism in urban forest management, with volunteers engaging
in tree planting and other forms of stewardship (Romolini et al.,
2012). Such activities can deepen participants’ civic engagement
and cultivate a sense of empowerment (Westphal 2003; Fisher
et al., 2015; Ryan 2015).

Yet, even with urban foresters already using volunteers to col-
lect data, integrating volunteer data into urban forest research and
management has been met  with skepticism due to lack of informa-
tion about observation errors in the urban forest context (Roman
et al., 2013). The complexity of tasks in urban tree inventories may
make such work particularly challenging for citizen scientists who
lack prior experience. Specifically, field crews must contend with
high species diversity, with, on average, 77 tree species across 38
cities world-wide (Yang et al., 2015), and substantially higher in
some municipalities, such as 161 species in Chicago, IL (Nowak
et al., 2013). This includes native and exotic species, and iden-
tification guides for novices are not widely available. Urban tree
inventories also typically involve measuring diameter at breast
height (DBH), and if monitoring DBH change is desired, this requires
field crews to make consistent measurements that allow for lon-
gitudinal tracking of individual tree growth over years or even
decades.

There are only two  previous studies about volunteer data quality
in urban tree inventories. Although both studies conclude that there
is potential for relying on field data collected by volunteers, accu-
racy rates for certain variables do not seem tenable for research and
management applications. Cozad (2005) studied volunteer accu-
racy for a street tree inventory in Minneapolis, MN,  and found
76% accuracy for DBH tree size class reported by volunteers, and
80% accuracy for species identification. Bloniarz and Ryan (1996)
studied volunteer accuracy in Brookline, MA,  and found that 94%
of volunteers agreed with arborists for genus identification, and
80% for species identification; although that study considered only
the most common species. Both studies found relatively low data
quality for volunteers reporting maintenance needs (49% in Cozad
2005; 75% in Bloniarz and Ryan 1996), indicating that such evalua-
tions should be performed to professionals. As public participation
in urban tree inventories and monitoring expands, it is essential to
build upon these studies with evaluations of data quality in more
locations, and to make explicit connections between observed data
quality and appropriate data uses.

Our study compared street tree data collected by experts to
data collected by field crews with novice and intermediate levels
of prior experience as a pilot test of new tree monitoring proto-
cols. The goals of our study were to (1) identify the magnitude
and frequency of inconsistencies in urban forestry field data; (2)
determine whether novice and intermediate crews differ in their
performance for genus and DBH; and (3) generate suggestions to
revise training and data collection procedures in ways that may
enhance data quality. We  then draw lessons learned for volunteer
data collection in urban forestry, with comparisons to prior studies
(Bloniarz and Ryan 1996; Cozad 2005), and provide recommenda-
tions for designing field methods suitable to volunteers as well as
appropriate applications of citizen science in urban forestry.
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