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Metric unit Multiply by To obtain English unit
Length
millimeters (mm) 0.04 inches (in)
centimeters (cm) 0.4 inches (in)
meters (m) 3.3 feet (ft)
meters (m) 1.1 yards (yd)
kilometers (km) 0.6 miles (mi)

Area
square centimeters (cm2) 0.16 square inches (in2)
square meters (m2) 1.2 square yards (yd2)
square meters (m2) 10.8 square feet (ft2)
square kilometers (km2) 0.4 square miles (mi2)
hectares (ha) 2.5 acres (ac)

Mass (weight)
grams (g) 0.035 ounces (oz)
kilograms (kg) 2.2 pounds (lb)
metric tonnes (t) 1.1 short tons

Volume
milliliters (mL) 0.03 fluid ounces (fl oz)
milliliters (mL) 0.06 cubic inches (in3)
liters (L) 2.1 pints (pt)
liters (L) 1.06 quarts (qt)
liters (L) 0.26 gallons (gal)
cubic meters (m3) 35 cubic feet (ft3)
cubic meters (m3) 1.3 cubic yards (yd3)

Temperature (exact)
degrees Celsius (°C) multiply by 9/5, degrees Fahrenheit (°F)
 then add 32

CONVERSION CHART (METRIC TO IMPERIAL)
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Lara A. Roman, Lindsay K. Campbell, and Rebecca C. Jordan

Civic Science in Urban Forestry:  
Introduction to a Second Special Issue 

Arboriculture & Urban Forestry 2018. 44(6):233–235

Abstract. This special issue is the second of two dedicated to civic science. As shared in the first special issue, “Civic science in 
urban forestry is a means of engaging the public in the study, management, and care of urban trees, and includes varied approaches 
with different disciplinary foundations” (Roman et al. 2018). We describe highlights from six articles (including original  
research and short communications) that assess program evaluation, data quality, and volunteer motivation. With these articles, 
we aim to continue our consideration of current best practices and future research needs for urban forestry community science.
 Key Words. Citizen Science; Civic Ecology; Co-management; Knowledge Co-production; Participatory Research; Urban Ecology; 
Urban Forestry; Data Quality.

This is the second special issue that resulted from 
a symposium entitled, “Citizen Science & Urban  
Forestry: Research & Practice.” That event was 
hosted by the United States Department of Ag-
riculture (USDA) Forest Service Philadelphia 
Field Station and the Pennsylvania Horticultural  
Society, and was held in May 2016. The first 
special issue was published in March 2018, with 
six articles covering civic science projects initi-
ated by researchers, municipalities, and ama-
teurs, and spanning topics including volunteer 
participation, motivations, and attitudes, as 
well data quality from citizen scientists (Almas 
and Conway 2018; Bancks et al. 2018; Crown et 
al. 2018; Hauer et al. 2018; Johnson et al. 2018; 
Silvera Seamens 2018). In our introduction to 
that previous issue (Roman et al. 2018), we re-
viewed key terms and concepts related to civic 
sciences and discussed future research needs. In 
this introduction to the second special issue, we 
briefly review the second set of featured articles.

PAPERS IN THIS SPECIAL ISSUE
As with the first special issue on civic science in 
urban forestry, the papers in this special issue 
include both Original Research and Short Com-

munication articles. We are using Short Com-
munication articles as practitioner notes for 
urban forestry professionals and researchers to 
share evidence-based evaluations of their pro-
gram, addressing topics such as best practices 
for citizen science, data quality, programmatic 
motivations for engaging volunteers, cost-effec-
tiveness, and cross-program comparisons (such 
articles are designated with †). We summarize 
below the six articles featured in this special is-
sue; the articles address topics spanning data 
quality, shifting citizen science program goals, 
and volunteer engagement strategies—includ-
ing community based social marketing and the 
role of identity in greenspace participation.

Two papers assessed data quality in volunteer 
tree inventories (Hallett and Hallett this issue; 
Hamilton et al. this issue †). Working with Boy 
Scout volunteers in the former, and with under-
graduate students in the latter, these studies 
highlight the value of bringing in a volunteer 
workforce to assist with inventories. With issues 
related to species identification or gross levels of 
decline (e.g., as the result of emerald ash borer 
attack), volunteers were able to provide highly 
accurate data sets. At a finer grain, discrepan-
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cies in levels of tree stress existed between the 
Boy Scout volunteers and experts. The under-
graduate volunteers varied with experts in terms 
of measuring tree size (e.g., diameter at breast 
height). These disagreements indicated a need 
to prioritize the necessary levels of precision in 
order to affect changes in management practice. 

Roman et al. (this issue †) also discussed vol-
unteer data quality, within a larger case study of 
an evolving citizen science young tree monitoring 
program in Philadelphia, Pennsylvania, U.S. That 
program, Tree Checkers, has volunteers assessing 
recently planted tree survival, vigor, and stew-
ardship within their neighborhoods, while also 
reminding residents to do tree care. The program 
has changed over the years to improve data manage-
ment and quality, as well as allow mobile data col-
lection. The authors discuss how shifting program 
goals led to additional emphasis on data quality 
to report reliable program performance outcomes.

Sorensen et al. (this issue) focus on volun-
teer stewardship motivation. In particular, these 
authors analyzed public perception of and engage-
ment with coastal restoration projects in Jamaica 
Bay, New York, New York, U.S., drawing upon 
interviews with park users where restoration plots 
were sighted. Motivations varied by neighborhood, 
suggesting highly localized stewardship identities. 
Not surprisingly, motivation also varied by con-
servation issue/need. These authors suggest that 
civic engagement in environmental stewardship 
can be mediated by tailored framing of needs 
and desired outcomes to the local community. 

Likewise emphasizing community engage-
ment, Barker et al. (this issue †) describe the use 
of citizen science in Oakville, Ontario, Canada. 
The program aimed to enhance public aware-
ness concerning emergent pests and diseases in 
the town, and ultimately increase advocacy for 
the urban forest. Youth volunteers were cen-
tral to the program, and the authors offer sug-
gestions for youth recruitment and engagement.

de Guzman et al. (this issue †) analyze the 
use of community-based social marketing in 
order to spur resident engagement in street 
tree stewardship. Working in Huntington Park, 
Los Angeles, California, U.S., they used focus 
groups and door-to-door surveys to examine 
barriers and drivers of residential tree stew-

ardship. They then compare the effectiveness 
of active, in-person outreach (i.e., speaking 
with residents and demonstrating tree care) 
and passive outreach (i.e., outreach materials  
left at doorstep), and found improved tree 
health and increased soil moisture at sites with 
active outreach as compared to both baseline 
conditions and passive outreach outcomes.

Taken together, the articles in this and the 
prior special issue indicate a substantial engage-
ment of the field of urban forestry with civic 
science. Both practitioners and researchers are 
building new knowledge in this growing area of 
scholarship, particularly around ways to most 
effectively harness and amplify the interest, 
capacity, and care of urban trees by the public. 
Going forward, practitioners may want to con-
sider their volunteer base more broadly both in 
terms of who is willing to engage and ways to 
specifically tailor engagement to the multiple 
identities that comprise urban communities. In 
addition, we recommend that data quality assess-
ments be tailored specifically to project goals in 
an effort to ensure minimum levels of precision 
with maximal levels of engagement. Volunteer-
based assessments can be powerful resources 
when they are integrated with the interests of 
community members and urban forest manag-
ers. We also echo the future needs for civic sci-
ence research and practice that we previously 
identified in Roman et al. (2018): enabling 
data democratization through technological 
tools, identifying ways to engage marginalized 
and under-represented groups in civic science, 
and supporting transdisciplinary dialogue and 
collaborations across research and practice.
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Citizen Science and Tree Health Assessment: 
How Useful Are the Data? 
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Abstract. Emerald ash borer (Agrilus planipennis) has killed millions of trees in the United States. Community manag-
ers face treatment or removal decisions for all publicly owned ash (Fraxinus spp.) trees. These decisions are based on 
the overall condition of each tree. In this study, the U.S. Forest Service-trained a Boy Scout troop in Oconomowoc, 
Wisconsin, U.S., in a tree health assessment protocol that used rubrics designed to measure physiological stress symp-
toms. The city provided tree inventory data, which included the location of 316 city-owned ash trees. After a two-hour 
training session, the Scouts and adult leaders assessed all ash trees in August 2015. A tree health expert re-assessed 
20% of the trees. The protocol measured diameter at breast height and included a suite of tree stress assessment vari-
ables. Researchers used a five-class system for defoliation, leaf discoloration, and overall vigor. Fine-twig dieback was 
estimated in 5% classes. Digital photographs were taken and automatically processed so as to measure percent crown 
transparency. Expert/volunteer agreement for diameter at breast height was within 2.5 cm 92% of the time; defoliation, 
discoloration, and vigor were within two classes 100%, 93%, and 92% of the time, respectively. Crown dieback estimates 
were within 10% of each other 76% of the time, and transparency estimates were within 15% of each other 76% of the 
time. Researchers calculated an overall stress index value and ranked the trees from lowest to highest stress. The vol-
unteer-generated data enabled Oconomowoc to make science-based management decisions for its infested ash trees. 
 Key Words. Agrilus planipennis; Ash; CBM; Community-Based Monitoring; Emerald Ash Borer; Fraxinus; Tree Inventory; Wisconsin.

The emerald ash borer (EAB) is an exotic inva-
sive insect that attacks ash trees (Fraxinus spp.) It 
is an example of a rapidly emerging environmen-
tal issue with broad geographic impact. Dead and 
dying ash trees pose a particular monitoring and 
management problem for our urban and com-
munity forests that contain ash trees, due to the 
hazard they represent to people and property.

EAB was first detected near Detroit, Michigan, 
U.S., in 2002, but it probably arrived in the area 
in the early 1990s (Siegert et al. 2007). During 
the decade before EAB was detected, it killed or 
severely stressed 5–7 million ash trees (Poland and 
McCullough 2006). Since then EAB has spread to 
31 U.S. states and two Canadian provinces (Emerald 
Ash Borer Information Network 2017) and has killed 
hundreds of millions of trees in North America. 

Kovacs et al. (2010) estimate that 37.9 million 
ash trees grow in urban areas in states with con-
firmed EAB infestation. For urban areas, the first 

step in dealing with EAB is to carry out an inven-
tory to identify the location and current condition 
of publicly owned trees. Priority for removal is 
given to trees that are in the poorest condition. 
Some communities use pesticides to preserve 
trees. This treatment is not recommended if the 
trees have greater than 50% canopy loss (Herms 
et al. 2014). Both actions require up-to-date tree 
health assessment data. Once EAB establishes 
itself, it can take many years for all the ash trees 
to die. This provides an opportunity to spread 
treatment and removal costs over time; however, 
accurate planning and prioritization depend on 
periodic monitoring of individual tree health as 
infested trees decline over time. This monitor-
ing activity requires additional trained personnel 
that small communities may not have, especially 
as they face increased tree removal activity.

Citizen science projects are becoming increas-
ingly common (Kosmala et al. 2016) and cover 
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a diversity of scales (global to neighborhood) 
and disciplines. Community-based monitor-
ing (CBM) falls under the umbrella of citi-
zen science and encompasses efforts that are 
designed to track and respond to issues of 
common community concern (Whitelaw et al. 
2003). Collaborators on CBM projects typically 
involve scientists, the public, government agen-
cies, community groups, and local institutions. 

CBM efforts often focus on areas of environ-
mental concern because of an increasing aware-
ness of anthropogenic impacts on ecosystems 
(Conrad and Daoust 2008) and in some cases 
public concern about governmental capacity 
to monitor ecosystems (Pollock and Whitelaw 
2005). The increasing complexity—and in some 
cases the rapidity—of emerging environmental 
issues stretches the capacity of monitoring pro-
grams to provide decision- and policymakers the 
information they need to address environmen-
tally important changes (Vaughan et al. 2001). 

For CBM efforts to be useful with respect to 
providing information to management agencies, 
it is necessary to understand the accuracy and 
reliability of the data collected by non-experts. 
Data reliability is a common theme within the 
citizen science literature (Cox et al. 2012; Kos-
mala et al. 2016; Lukyanenko et al. 2016; Roman 
et al. 2017). Regardless of whether experts or 
non-experts collect data for scientific studies, 
data quality is constantly monitored, and there 
are many protocols and procedures that are 
designed to reduce error. Furthermore, data vari-
ability and reliability play key roles in determin-
ing how scientific data can and should be used. 

Urban forestry is positioned to take advantage 
of an increasing interest in CBM projects because 
of the high concentrations of people in cities and 
the importance of trees and greenspace to urban 
environments. Studies that have focused on volun-
teer data quality for urban forestry applications have 
found that accuracy levels vary for each variable 
being collected. For instance, Roman et al. (2017) 
found highest consistency between experts and 
non-experts for species ID, DBH, site type, land 
use, and dieback (all >80% agreement), and lower 
levels of agreement for transparency and wood 
condition (71.5% and 55.2%, respectively). Two 
other studies focusing on volunteer data quality 

for urban tree inventory applications found simi-
lar levels of agreement for species identification 
(approximately 80% agreement) but lower levels 
of agreement for volunteers assessing tree condi-
tion or maintenance needs (Bloniarz and Ryan 
1996; Cozad et al. 2005). Roman et al. (2017) sug-
gests that citizen science is appropriate for some 
urban tree inventory and monitoring projects but 
not for those that require extremely high accuracy.

Oconomowoc, Wisconsin, U.S., is a midwest-
ern community facing EAB infestation, and as 
such, presents an opportunity to use and evaluate 
a CBM approach for ash tree health assessment. 

The primary goal of this project was to use vol-
unteers from a local Boy Scout troop to furnish 
the City of Oconomowoc with detailed health 
assessment data for all city-owned ash trees. There 
were two research objectives: 1) assess the level 
of agreement between data collected by volun-
teers and data collected on the same trees by an 
expert, and 2) use the agreement statistics calcu-
lated in Objective 1 to inform a discussion about 
the potential usefulness of volunteer-collected 
tree health assessment data for making man-
agement decisions about city-owned ash trees.

METHODS

Study Area
This study took place within an eight-week  
period between July and September 2015 in 
Oconomowoc (43°6’31”N, 88°29’49”W), a small 
city in southeastern Wisconsin, 56.3 km west of 
Milwaukee (Figure 1). EAB was first detected 
in 2013, and while the city had a tree inventory, 
it did not have information about current ash 
tree condition. An Eagle Scout candidate ap-
proached the city’s Parks and Forestry Superin-
tendent with a proposal to organize volunteers 
and assess the physiological condition of all city-
owned ash trees using a tree health assessment 
method developed by the U.S. Forest Service.

Study Design
The city furnished tree inventory data for 
3,758 city-owned street and park trees. The in-
ventory included information about species, 
diameter, and height, along with geograph-
ic coordinates for each tree. Researchers ex-
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tracted location information for all ash trees 
(n = 316) with a diameter at breast height 
(DBH) of at least 10 cm, and created an inter-
active Google Maps™ image showing each tree 
along with its associated city-assigned iden-
tification number. Twenty-two volunteers 
(17 high school students and 5 adults) visited 

Oconomowoc’s ash trees (Figure 1) in July 
and August 2015. A tree health assessment ex-
pert revisited 20% (n = 64) of the trees on 
9–10 September 2015. The validation sample  
was randomly selected from the popula-
tion of city-owned ash trees (Figure 1). 

Figure 1. All city-owned ash trees in Oconomowoc, Wisconsin, U.S. Black stars designate trees that were  
re-measured for validation. Open circles are all other ash trees assessed by volunteers.
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Tree Health Assessment Methods
The study adopted tree health assessment meth-
ods from Pontius and Hallett (2014). Wulff 
(2002) found that accuracy of forest damage  
assessments improved when observers operated 
in teams. In this study, teams of two worked to-
gether, rating each assigned tree independently. 
If the independent ratings differed, the teams 
were instructed to discuss and reach consensus. 
The Eagle Scout candidate made the team assign-
ments. Teams did not always include an adult. 

Crown Discoloration and Defoliation
Ocular estimates of leaf discoloration and defo-
liation were made by estimating the proportion 
of a tree’s crown that was either discolored or de-
foliated. Estimates were recorded for each vari-
able using a five-class rating system (Table 1).

Fine-Twig Dieback
Fine-twig dieback was estimated as a proportion 
of the crown containing dead twigs (no leaves). 
Estimates were made in 5% classes (Table 2).

Crown Vigor
Crown vigor, which is an overall assessment of tree 
health, was rated following the rubric in Table 3. 

Crown Transparency
Digital photographs were used to quantify the 
percentage of open versus dark pixels of photo-
graphs taken vertically through the crown of a 
tree (Pontius and Hallett 2014). A digital camera 
was zoomed in to include only the crown of the 
subject tree from up to four locations around the 
tree. Digital images were automatically processed 
using a script written for CellProfiler™ (Lamprecht 
et al. 2007), which reports percent transparency for 
each image. Transparency values from up to four 
photographs per tree were averaged to represent 
overall percent crown transparency. Careful re-
cords were kept to ensure that a given photo was 
associated with the correct tree, and the photo-
graphs were organized and curated for processing. 

Tree Photographs
A portrait of each tree was taken to preserve a vi-
sual record of the tree. This was useful for resolving 
data issues and may help with future assessments.

Volunteer Training
Literature from the education field provides in-
sight into best practices for training raters to 
use rubrics. The education field relies heavily 

Table 1. Crown discoloration and defoliation rubric.

 Class Definition 
 1 0%–1% (trace)
 2 2%–25%
 3 26%–50%
 4 51%–75%
 5 76%–100%

Table 2. Fine-twig dieback rating classes.

 Class % Dieback
 1 0%–1%
 5 2%–5%
 10 6%–10%
 15 11%–15%
 20 16%–20%
 25 21%–25%
 30 26%–30%
 35 31%–35%
 40 36%–40%
 45 41%–45%
 50 46%–50%
 55 51%–55%
 60 56%–60%
 65 61%–65%
 70 66%–70%
 75 71%–75%
 80 76%–80%
 85 81%–85%
 90 86%–90%
 95 91%–95%
 100 96%–100%

Table 3. Crown vigor rating rubric.

Class Rubric     
1. Tree appears to be in reasonably good health with no major 
  branch mortality or large broken branches. Less than 10% 
  cumulative defoliation, discoloration, and crown dieback is 
  present.

2. 10%–25% cumulative defoliation, discoloration, and crown 
  dieback is present and/or crown area missing based on visual 
  evidence of large broken (not pruned) or dead branches less 
  than 26%.

3. 26%–50% cumulative defoliation, discoloration, and crown 
  dieback is present and/or crown area missing based on visual 
  evidence of large broken (not pruned) or dead branches less 
  than 50%.

4. More than 50% cumulative defoliation, discoloration, and 
 crown dieback is present and/or crown area missing based on 
  visual evidence of large broken (not pruned) or dead 
  branches more than 50%.

5. Tree is dead or missing.
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on rubrics to evaluate student learning in liter-
acy. Consistency between raters is an important 
factor in achieving an accurate assessment of a 
student’s learning. Belanger et al. (2015) stress-
es the importance of the norming process after 
rubrics have been developed. They recommend 
having raters 1) work together through several 
examples, 2) independently score examples cov-
ering a range of conditions, 3) convene raters  
to review individual scores and identify areas 
of discrepancy, and 4) discuss and reconcile in-
consistent scores. Oakleaf (2009) suggests that 
additional sets of examples be provided, thereby 
repeating the calibration process in steps two 
through four, up to four times. This norming 
process is designed to establish interrater reli-
ability when using rubrics to assess student work. 

The study authors created norming train-
ing procedures focusing on increasing inter-
rater reliability when using our tree health 
assessment rubrics (described below). All vol-
unteers participated in this two-hour practical  
training session, which was conducted by a 
research ecologist from the U.S. Forest Service. 

The training goals were to educate non-
experts about signs of stress in trees, famil-
iarize volunteers with rubrics and data 
collection procedures, and maximize interrater 
consistency. The training involved five phases:

Phase I: Non-informed tree health assessment
The volunteers were asked to rank four pre-
selected trees in order from most stressed 
to least stressed and to discuss the cri-
teria they used to complete the ranking.

Phase II: Classroom session
Researchers presented slides illustrating the rat-
ing system and rubrics, including pictures of 
trees at various stages of decline. Researchers  
also provided guidance on how to take and 
organize transparency and tree photos and 
ash tree identification. For stem size, special-
ized diameter tapes were not used to mea-
sure DBH. Instead, volunteers were trained 
to measure circumference at breast height 
using cloth measuring tapes. Diameter was 
calculated after data collection and entry.

Phase III: Collaborative tree health assessment
Volunteers used the tree health assessment ru-
brics they learned in Phase II to assess three ash 
trees in various stages of decline. The whole group 
worked together and the trainer led a guided dis-
cussion on how to apply the rubrics to living trees. 

Phase IV: Paired tree health assessment and 
evaluation
The volunteers split into teams of two and were 
asked to independently rate five trees in various 
stages of decline. Trees rated in Phase III were not 
included in the exercise. Individuals were asked to 
rate each tree separately and to reach consensus 
with their partner if their scores did not match.

Phase V: Evaluation and discussion
Each team submitted their ratings, and these 
were entered into a spreadsheet that graphed the 
data, showing bar graphs and error bars for each 
tree and variable. These graphs were used to dis-
cuss areas of greatest variability in the ratings. 

Each volunteer received a two-page field 
guide that contained a short description of each 
variable along with the classification rubric.

Statistical Methods
A comprehensive tree stress index was created 
by standardizing the individual health assess-
ment variables using z-scores (Green 1979). Re-
searchers used a tree health database containing 
640 ash trees to obtain the mean and standard 
deviation for each variable. A z-score was cal-
culated for each variable and each tree in the 
study, using an R-script (R Core Team 2013). The  
z-scores for each variable were averaged for each 
tree to create an overall stress index score. To 
make the stress index score more intuitive, all 
values were made positive by adding a constant 
equal to the absolute value of the lowest score 
in the data set. Lower values represent health-
ier trees. This procedure is a refinement of the 
methods outlined in Pontius and Hallett (2014).

The Wilcoxon signed-rank test was applied 
to paired differences between expert and vol-
unteer ratings of the same tree to test whether 
the median of the two rating groups was dif-
ferent. Linear regression was used to assess the 
strength of the relationship between the expert 
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and volunteer ratings. The JMP® Pro software 
package version 12.2 (Sall et al. 2001) was used 
for statistical tests and creating graphs. The 
threshold for statistical significance is α ≤ 0.05.

RESULTS

Report
Researchers prepared an ash tree condition re-
port and interactive Google Maps imagery for the 
City of Oconomowoc. Of the 316 inventoried ash 
trees, 26 were dead or missing. For living trees, 
the tree health data were presented in two ways:

1. The trees were sorted by their stress index 
value and binned into nine classes of 
approximately 30 trees. A tenth class con-
tained 20 of the most-stressed trees. Class 1 
contained the healthiest trees and Class 10 
represented the most-stressed trees. 

2. The stress index was multiplied by DBH to 
emphasize the largest and most-stressed ash 
trees. This rating was binned as previously 
described and mapped (Figure 2). 

The report described the methods used 
and contained representative pictures of 
trees in each of the 10 classes. The city 
used this report to prioritize tree removals.

Data Validation
Of the 64 trees that were re-measured for data vali-
dation, three were dead or missing. One was a bit-
ternut hickory (Carya cordiformis) that had been 
misidentified in the city’s tree inventory, and one 
was listed as missing or dead by the volunteers but 
was still alive. This resulted in a validation data set 
of 59 living trees that were rated twice. This data 
set represented the full range of DBH, stress, and 

Figure 2. Google Maps imagery of Oconomowoc’s ash trees ranked and binned by stress index multiplied by DBH. Low values are 
healthy trees. High values are stressed trees. Multiplying the stress level by tree size emphasizes larger stressed trees, which may 
represent more of a public hazard. Dead and missing trees comprise the 11th class.
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geography of Oconomowoc’s ash tree population 
(Table 4; Figure 1). The volunteer data set was miss-
ing DBH for 1 tree and transparency for 81 trees, 
indicating a file management and tracking issue. 

For DBH, the volunteers used cloth measuring 
tapes to measure circumference at breast height; the 
expert measurement was completed with a standard 
diameter tape. After conversion to diameter, the 
measurements were within 2.5 cm 92% of the time.

Table 4 contains the results of the Wilcoxon 
signed-rank test, indicating that there were differ-
ences between volunteer and expert raters for DBH, 
defoliation, dieback, and transparency, but not for 
discoloration, vigor, and the overall stress index. 
Table 5 shows the level of agreement between vol-
unteer and expert health variable ratings in a dif-
ferent but less statistically definitive way. Given that 
these variables were estimated using a subjective 
rating system (except for transparency), informa-
tion is given for the percentage of measurements 
that were within 5%, 10%, or 15% of each other 
for dieback and transparency and within one and 
two classes for defoliation, discoloration, and vigor. 
The best agreement was achieved for dieback esti-
mates, which were within 10% of each other 76% 
of the time. Volunteers tended to slightly under-
estimate dieback estimates at higher percentages 
(Figure 3a). Crown transparency, calculated from 
digital photographs, was ±15% more than 75% of 
the time; at higher levels of transparency, the vol-
unteer data tended to underestimate transparency 
(Figure 3b). Defoliation, discoloration, and vigor 
were rated using a five-class rubric, and all esti-
mates were within one class about 50% of the time 
and within two classes more than 90% of the time. 

The overall stress rating standardizes and com-
bines all health variables into a single stress index 
score for each tree and ranges between 0 (healthy) 

and 3.7 (declining) (Table 4). The stress index cre-
ated from data collected by volunteers tended to 
overestimate stress at the low end of the scale and 
underestimate stress at the high end of the scale 
(Figure 3c). In the validation data set, the larg-
est disagreement for stress index was for the trees 
where the volunteer data set was missing transpar-
ency data. The mean difference between volunteer 
and expert stress index ratings for trees missing 
transparency data was 0.64 and the mean differ-
ence for trees that had all health variables measured 
was 0.41. A Wilcoxon signed-rank test indicated 
that volunteer and expert stress index scores were 
not significantly different (Z = 0.648, P = 0.638). 
The associated matched pairs cumulative prob-
ability plot shows the deviation between volunteer 
and expert stress indices across the range of stress 
index scores (Figure 4). The greatest deviation 
occurred between the 25th and 60th percentiles.

DISCUSSION
Citizen science has the potential to play an impor-
tant role in developing increased information and 
in deepening the relationship of citizens to sci-
ence and to urban and rural forests. Lukyanenko 
et al. (2016) contends that holding amateurs to 
scientific standards may be unrealistic, but engag-
ing with citizen scientists may still afford value. 
On the other hand, there are examples in which 
environmental engagement benefits are achieved 
and the environmental monitoring data is useful 
to scientists or managers (Stokes et al. 1990; Engel 
and Voshell 2002). An important consideration in 
designing a successful (accurate and useable in-
formation) CBM is to design a project that uses 
accessible methods (Au et al. 2000). Along with 
accessible methods, it is important to create clear 

Table 4. Ranges of DBH, tree health variables, and stress index for all city-owned ash trees and the validation data set  
re-measured by a tree health assessment expert. Expert versus volunteer mean differences and Wilcoxon P-values. Bolded 
P-values indicate where expert and volunteer ratings were significantly different (P < 0.05) from each other.

Variable All trees  Validation data Expert versus volunteer 
 (n = 316)  (n = 64)  Mean Wilcoxon
 min max min max diff. P  
DBH (cm) 12 124 14 124 0.05 <0.0001
Defoliation 1 3 1 2 -0.46 <0.0001
Discoloration 1 5 1 3 0.10 0.809
Dieback 1% 80% 1% 80% 3% 0.0304
Transparency 6% 62% 6% 61% 5% 0.0001
Vigor 1 5 1 5 0.12 0.2489
Stress index 0.00 3.70 0.00 3.50 0.02 0.638
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training and norming protocols. The tree health as-
sessment methods used in the current study rely 
on non-stressor-specific visual signs and symp-
toms related to physiological tree stress. The ad-
vantage of this approach is that it does not require 
the rater to have specific knowledge about the pest 
or disease that may be causing the stress symp-
toms. Researchers used clear and concise rubrics 
and guidelines for evaluating each stress symptom.

For many CBM projects, data quality remains 
an open question. This project presents an 
opportunity for a detailed examination of 
the level of agreement between volunteer and 
expert tree health assessments for the same 
group of trees. This analysis imparts knowl-
edge that will inform training and data col-
lection practices for future efforts. As with 
all scientific studies, an analysis of data vari-
ability informs how the data may be used and 
the conclusions that can be drawn from them.

To assess the level of agreement between vol-
unteer and expert raters, researchers applied the 
Wilcoxon signed-rank test to each variable and 
determined that there were significant differ-
ences between raters for DBH, defoliation, die-
back, and transparency, but not for discoloration, 
vigor, and the stress index (Table 4). These results 
suggest that while there are discrepancies for 

Table 5. Level of agreement between volunteer and 
expert stress ratings for the same trees (n = 59).

Within Dieback Transparency 
5% 59% 34% 
10% 76% 58% 
15%  76% 
   
Within Defoliation Discoloration Vigor
1 class 54% 49% 56%
2 classes 100% 93% 92%

Figure 3. Volunteer and expert a) fine-twig dieback ratings  
(R2 = 0.736), b) crown transparency (R2 = 0.586), and c) stress 
index (R2 = 0.527). 1:1 line is solid black. Line of fit is dashed. 
All relationships significant (α < 0.0001).

Figure 4. Cumulative probability distribution of volunteer 
stress index (black dash) and expert stress index (solid 
gray). Pairwise comparison (n = 59) shows that values are 
not significantly different (Wilcoxon Test, P = 0.51). Trees with 
low stress index values are healthier than trees with higher 
values.
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some variables, overall stress index scores for the 
ash trees in this study were statistically reliable.

The Wilcoxon test, while statistically valid for 
comparing overall levels of agreement between 
raters, does not give information about the mag-
nitude of differences or where they lie across the 
range of the variables measured. Table 4 shows 
the mean difference between expert and volun-
teer raters for each variable. While DBH mea-
surements were statistically different, the mean 
difference was only 0.05 cm. The question is: 
Can volunteer-collected data inform manage-
ment decisions made by tree care professionals?

Further examination of the data and its relative 
levels of agreement can move beyond the simple 
rejection or acceptance of the null hypothesis 
that there is no difference between expert and 
volunteer collected data. Table 5 defines thresh-
olds for levels of agreement and percentages for 
when those thresholds were met for each variable. 
Volunteer and expert DBH measurements were 
within 2.5 cm 92% of the time. Of the health rat-
ing variables, fine-twig dieback had the best over-
all agreement between volunteer and expert raters 
(mean difference 3%, Table 5). The dieback rating 
has 21 possible categories as opposed to 5 catego-
ries for each of the other variables determined by 
ocular estimate. The defoliation and discoloration 
rubrics require raters to make estimates in 25% 
classes; volunteer and expert raters were within 
two classes of each other more than 90% of the 
time for these variables (Table 5). These results 
suggest that training methods may need to be 
adjusted to increase the reliability of defoliation 
and discoloration estimates. Evidence also sug-
gests that increasing the number of response cat-
egories may help with estimate reliability. Preston 
and Colman (2000) determined that more than 
five response categories yielded the most reli-
able results in a study on reliability, validity, and 
rater preference of rating scales of varying length.

The crown vigor rating requires that the rater 
follow a more complicated rubric, which is par-
tially based on the dieback, defoliation, and dis-
coloration ratings. The level of agreement for 
vigor was also within two classes more than 90% 
of the time. This variable requires careful applica-
tion of the rubric and may also benefit from more 
detailed explanation and practice during training. 

Percent crown transparency is not based on an 
ocular estimate but on the automated processing 
of digital photographs. The levels of agreement 
between volunteer and expert were not as good 
as expected, and they were within 15% of each 
other 76% of the time. This method is sensitive 
to how the pictures are taken. The photographs 
must be taken of the crown of the tree without 
including areas of sky outside the crown or parts 
of other tree crowns. Data management for the 
photographs is complicated. This could explain 
why 28% of the volunteer-assessed trees had 
no transparency data. The method depends on 
taking up to four pictures per tree to fully rep-
resent the variability in transparency. The vol-
unteers took an average of 2.1 photographs per 
tree, not counting trees missing photos. The 
expert assessment had transparency photos for 
every tree and averaged 3.7 photos per tree. 

The overall stress index rating is an average 
of the standardized value of each health assess-
ment variable. The stress index was used to create 
the maps presented to the City of Oconomowoc 
(Figure 2) and provides a simple, spatially explicit 
view of ash tree health across the city. A pairwise 
comparison of expert versus volunteer stress index 
scores showed no significant differences (Figure 
4; Table 4); however, this figure shows areas of 
greater disagreement in the middle of the fre-
quency distribution. The greatest discrepancy 
between scores occurred for trees in which the vol-
unteers were missing transparency data. This indi-
cates a sensitivity to missing data in the method. 

The greater difference between raters in the 
middle of the stress index distribution (i.e., vol-
unteer raters underestimate stress) could have an 
impact on decisions about whether trees should 
be treated with insecticides or not. Treatment is 
not recommended for trees with greater than 50% 
canopy loss (Herms et al. 2014), consequently 
managers could use the maps and data provided 
by the volunteers to locate a selection of trees that 
meet criteria for treatment but would then need to 
verify with on-the-ground assessment by experts.

This citizen science project was successful in 
several different ways. The City of Oconomowoc 
used the data to prioritize ash street tree removal 
with overall stress index classes 7–10 receiving 
the highest priority (B. Spencer, Superintendent of 
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Parks and Forestry, personal communication). In 
this way, the project fulfilled its role as a scientific 
partnership. This community-based monitoring 
project also fulfilled the requirements of an Eagle 
Scout service project that subsequently earned the 
2017 National Eagle Scout Association Council 
service project of the year award. The project 
deepened the knowledge base and relationship 
of this Scout team with its local trees and with 
practical science. Perhaps more importantly, the 
project created a model for small-scale citizen-
science projects, where even young citizens are 
trained to collect helpful information. Future tree 
health CBM projects will be able to take advan-
tage of the tree health assessment module in the 
Healthy Trees, Healthy Cities app (HTHC 2018). 

Tree vitality assessment and hazard tree man-
agement are priorities for urban tree invento-
ries, although the accuracy of these methods is 
rarely tested (Nielsen et al. 2014). Nielsen et al. 
(2014) goes on to say that along with how the 
data is collected, the “why” should be a primary 
consideration. In this case, non-stressor-specific  
variables were used to assess the overall physi-
ological health of ash trees that were likely 
infested by EAB. This methodology says noth-
ing about whether a tree is hazardous or not. 
Tree hazard ratings should only be completed 
by certified arborists for liability reasons. 

For cities such as Oconomowoc, which are 
faced with EAB and the death of their ash 
trees, knowledge of current tree condition is 
needed to plan and prioritize tree removal. 
This project was an example of how CBM can 
leverage urban tree inventory data to create  
a useful product without further expendi-
tures of municipal personnel or funding. 

The overall utility of projects like this can 
only be determined by policymakers and urban 
forestry professionals who will ultimately use 
the information. The study authors provided 
a nuanced look at levels of agreement between 
experts and volunteers that includes tables of 
thresholds that can be used by urban foresters 
to make a determination as to whether the data is 
useful based on the questions they need answered. 
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Résumé. L'agrile du frêne (Agrilus planipennis) a tué des mil-
lions d'arbres aux États-Unis. Les gestionnaires municipaux du-
rent faire face à la décision de traiter ou d'abattre tous les frênes 
(Fraxinus sp.) publics. Ces décisions furent prises en fonction de 
l'état de santé et de la condition de chaque arbre. Dans cette étude, 
une troupe de scouts, formée par le Service forestier américain à 
Oconomowoc, dans le Wisconsin, États-Unis, a élaboré un proto-
cole d'évaluation de la santé des arbres recourant à des rubriques 
destinées à jauger les symptômes de stress physiologiques. La ville 
a fourni les données d'inventaire des arbres comprenant la localisa-
tion de 316 frênes publics. Suite à une formation de deux heures, les 
scouts et leurs chefs adultes évaluèrent tous les frênes en août 2015. 
Un expert en santé arboricole procéda à une réévaluation de 20% 
des arbres.  Le protocole prenait en compte le diamètre à hauteur 
de poitrine (D.H.P.) et incluait une série de variables caractérisant 
la résistance au stress des arbres. Les chercheurs développèrent un 
système à cinq niveaux de classification (%) pour la défoliation, la 
décoloration foliaire et la vigueur générale. Le dépérissement ob-
servé des ramilles fut noté par incrément de 5%. Des photographies 
numériques furent captées et automatiquement traitées de manière 
à mesurer le pourcentage de densité du houppier. L'écart constaté 
entre les mesures de DHP des bénévoles et celles de l'expert furent 
inférieures à 2,5 cm dans 92% des cas; les écarts pour la défoliation, 
la décoloration et la vigueur furent de moins de deux niveaux pour 
respectivement 100%, 93% et 92% des cas. Les écarts estimés pour 
le dépérissement du houppier furent inférieurs à 10% dans 76% des 
cas tandis que les données comparées pour la densité du houppier 
se sont avérées inférieures à 15% dans 76% des cas. Les chercheurs 
établirent un indice de stress global et catégorisèrent les arbres du 
moins stressé au plus stressé sur le plan physiologique. Les données 
recueillies par les bénévoles permirent à Oconomowoc de prendre 
des décisions de gestion fondées sur la science pour ses frênes af-
fectés par l'agrile.

Zusammenfassung. Der Eschenprachtkäfer hat in den Ver-
einigten Staaten Millionen von Bäumen getötet. Kommunale 
Manager sind für alle öffentlichen Eschen mit der Entscheidung: 
Behandlung oder Entfernung konfrontiert. Diese Entscheidungen 
basieren auf der allgemeinen Kondition jedes Baumes. In dieser 
Studie trainierte der U.S. Forstdienst eine Pfadfindergruppe in 
einem Baumgesundheiterfassungsprotokoll, welches Rubriken 
verwendet, die ausgelegt sind, physiologische Stresssympto-
me zu messen. Die Stadt lieferte Baumkatasterdaten, welche die 
Standorte von 316 stadteigenen Eschen beinhaltete. Nach einer 
zweistündigen Trainingssession untersuchten die Pfadfinder 
und ihr Anführer alle diese Eschen im August 2015. Ein Baum-
gutachter begutachtete 20 % dieser Bäume. Das Protokoll maß 
den Brusthöhendurchmesser und beinhaltete ferner eine Reihe 
von Baumstressvariablen. Die Forscher verwendeten ein Fünf-

Klassen-System für Entlaubung, Blattverfärbung und allgemeine 
Vitalität. Das Absterben von Feinastbereichen wurde in 5%-Stu-
fen geschätzt. Es wurden digitale Fotos gemacht und automatisch 
bearbeitet, so dass die Kronentranparenz prozentual gemessen 
wurde. Die Übereinstimmung der Messungen des BHD zwischen 
Experten und Freiwilligen lag innerhalb von 2,5 cm bei 92 % von 
der Zeit, Entlaubung, Verfärbung und Vitalität innerhalb von zwei 
Klassen 100%, 93% und 92% von der Zeit, respektive. Schätzun-
gen zum Kronenabsterben war innerhalb 10% voneinander 76% 
von der Zeit und die Transparenzschätzungen lagen innerhalb 
von 15 % zu einander 76 % von der Zeit. Die Forscher kalkulierten 
einen allgemeinen Stressindexwert und entwarfen eine Rangord-
nung der Bäume von niedrigem bis höchstem Stress. Die von den 
Freiwilligen generierten Daten ermöglichten Oconomowoc, für 
seine infizierten Eschen wissenschaftlich fundierte Managemen-
tentscheidungen zu treffen. 

Resumen. El barrenador esmeralda del fresno (Agrilus pla-
nipennis) ha matado a millones de árboles en los Estados Unidos. 
Los administradores de la comunidad enfrentan decisiones de 
tratamiento o remoción para todos los árboles de fresno (Fraxi-
nus spp.) de propiedad pública. Estas decisiones se basan en la 
condición general de cada árbol. En este estudio, el Servicio For-
estal de los Estados Unidos capacitó a una tropa de Boy Scouts 
en Oconomowoc, Wisconsin, EE. UU. En un protocolo de evalu-
ación de la salud de los árboles que utilizaba rúbricas diseñadas 
para medir los síntomas de estrés fisiológico. La ciudad propor-
cionó datos de inventario de árboles, que incluían la ubicación 
de 316 árboles de fresno de propiedad de la ciudad. Después de 
una sesión de entrenamiento de dos horas, los Scouts y los líderes 
adultos evaluaron todos los fresnos en agosto de 2015. Un experto 
en salud de árboles evaluó nuevamente el 20% de los árboles. El 
protocolo midió el diámetro a la altura del pecho e incluyó un 
conjunto de variables de evaluación del estrés de los árboles. Los 
investigadores utilizaron un sistema de cinco clases para la defo-
liación, la decoloración de las hojas y el vigor general. La muerte 
de la ramita fina se estimó en 5% de las clases. Se tomaron foto-
grafías digitales y se procesaron automáticamente para medir el 
porcentaje de transparencia de la corona. El acuerdo de expertos / 
voluntarios para el diámetro a la altura del pecho estuvo dentro de 
2.5 cm, 92% de las veces; la defoliación, la decoloración y el vigor 
estuvieron dentro de dos clases: 100%, 93% y 92% de las veces, 
respectivamente. Las estimaciones de la reducción de la corona 
estaban dentro del 10% entre sí el 76% y las estimaciones de trans-
parencia estaban dentro del 15% entre el 76% de las veces. Los 
investigadores calcularon un valor de índice de estrés general y 
clasificaron los árboles de menor a mayor estrés. Los datos genera-
dos por voluntarios permitieron a Oconomowoc tomar decisiones 
de gestión basadas en la ciencia para sus fresnos infestados.



 Hamilton et al.: Volunteer-Derived Data for a Tree Mapping Application  

©2018 International Society of Arboriculture

248

Keir Hamilton, Andrew K. Koeser, and Shawn M. Landry

Accuracy of Volunteer-Derived Data from a Single-
Day Inventory Event Built Around a Crowdsourced 

Tree Mapping Application 

Arboriculture & Urban Forestry 2018. 44(6):248–254

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).



Arboriculture & Urban Forestry 44(6): November 2018

©2018 International Society of Arboriculture

253

LITERATURE CITED
Bloniarz, D.V., and H.D.P Ryan. 1996. The use of volunteer initia-

tives in conducting urban forest resource inventories. Journal of 
Arboriculture 22(2):75–82.

Casey Trees. 2017. Citizen Science. Accessed 30 May 2017. <https://
caseytrees.org/take-action/citizen-science>

Cowett, F.D., and N.L. Bassuk. 2012. SWAT (Student Weekend 
Arborist Team): A model for Land Grant Institutions and Co-
operative Extension systems to conduct street tree inventories. 
Journal of Extension 50(3):3FEA9.

Crall, A.W., G.J. Newman, T.J. Stohlgren, K.A. Holfelder, J. Graham, 
and D.M. Waller. 2011. Assessing citizen science data quality: 
An invasive species case study. Conservation Letters 4:433–442.

Dickinson, J.L., B. Zuckerberg, and D.N. Bonter. 2010. Citizen sci-
ence as an ecological research tool: Challenges and benefits. An-
nual Review of Ecology, Evolution, and Systematics 41:49–72.

Globe at Night. 2015. National Optical Astronomy Observatory 
(NOAO), Association for Universities for Research and Astron-
omy (AURU), National Science Foundation (NSF). Accessed 23 
May 2017. <www.globeatnight.org/about.php> 

Koeser, A.K., D.C. McLean, G. Hasing, and R. Bruce Allison. 2016. 
Frequency, severity, and detectability of internal trunk decay of 
street tree Quercus spp. in Tampa, Florida, U.S. Arboriculture 
and Urban Forestry 42(4):217–226. 

Koeser, A.K., G. Hasing, M.H. Friedman, and R.B. Irving. 2015. 
Trees: North & Central Florida. University of Florida IFAS  
Extension, Gainesville, Florida, U.S. 320 pp.

Kosmala, M., A. Wiggins, A. Swanson, and B. Simmons. 2016.  
Assessing data quality in citizen science. Frontiers in Ecology 
and the Environment 14(10):551–560.

Morgenroth, J., and J. Östberg. 2017. Measuring and monitoring 
urban trees and forests. pp 33–48. In: F. Ferrini, C. Konijnendijk 
van den Bosch, and A. Fini (Eds.). The Routledge Handbook of 
Urban Forestry, Routledge, Abingdon, Oxon, United Kingdom. 
548 pp.

Nannini, D.K., R. Sommer, and L.S. Meyers. 1998. Resident involve-
ment in inspecting trees for Dutch elm disease. Journal of Arbo-
riculture 24(1):42–46. 

Noise Tube. 2018. Sony Computer Science Laboratory Paris & 
Software Languages Lab. Accessed 22 May 2017. <www.Noi-
seTube.net>

Ratnieks, F.L.W., F. Schrell, R.C. Sheppard, E. Brown, O.E. Bris-
tow, and M. Garbuzov. 2016. Data reliability in citizen science: 
Learning curve and the effects of training method, volunteer 
background and experience on identification accuracy of in-
sects visiting ivy flowers. Methods in Ecology and Evolution 
7(10):1226–1235. 

Roelfsema, C., R. Thurstan, M. Beger, C. Dudgeon, J. Loder, E. 
Kovacs, and M. Gallo et al. 2016. A citizen science approach: 
A detailed ecological assessment of subtropical reefs at Point 
Lookout, Australia. PLoS ONE 11(10):e0163407. <https://doi.
org/10.1371/journal.pone.0163407>

Roman, L.A., B.C. Scharenbroch, J.P.A. Östberg, L.S. Mueller, J.G. 
Henning, A.K. Koeser, and J.R. Sanders et al. 2017. Data qual-
ity in citizen science urban tree inventories. Urban Forestry & 
Urban Greening 22:124–135. 

Tulloch, A.I.T., H.P. Possingham, L.N. Joseph, J. Szabo, and T.G. 
Martin. 2013. Realizing the full potential of citizen science 
monitoring programs. Biological Conservation 165:128–138.

Weigelhofer, G., and E. Pölz. 2016. Data Quality in Citizen Sci-
ence Projects: Challenges and Solutions. Frontiers in Environ-
mental Science Conference Abstract: Austrian Citizen Science 
Conference 2016. Accessed 22 May 2017. <www.frontiersin.
org/10.3389/conf.fenvs.2016.0 1.00011/event_abstract>

Keir Hamilton
Department of Environmental Horticulture, CLCE, IFAS
University of Florida
100A Mehrhof Hall
Gainesville, Florida 32611, U.S.

Andrew K. Koeser (corresponding author)
Department of Environmental Horticulture, IFAS
University of Florida – Gulf Coast Research and Education 
Center
14625 County Road 672
Wimauma, Florida 33598, U.S.
akoeser@ufl.edu

Shawn M. Landry
Water Institute
School of Geosciences
University of South Florida
4202 E Fowler Ave.
Tampa, Florida 33620, U.S. 



 Hamilton et al.: Volunteer-Derived Data for a Tree Mapping Application  

©2018 International Society of Arboriculture

254

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.
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Abstract. Citizen science programs are not static; they change over time in response to new program priorities and emerging tech-
nologies, as well as to improve work flow for program staff and volunteers. In this article, the authors present a case study of an 
evolving urban forestry citizen science program at the Pennsylvania Horticultural Society, a nonprofit organization in Philadel-
phia, Pennsylvania, U.S. The Tree Checkers program involves tree stewards recording data each summer about recently planted 
tree survival, growth, crown vigor, and maintenance, while also engaging their neighbors to encourage proper tree care. The pro-
gram began in 2011, but changed in 2016 to use a new online data collection tool that was integrated into a larger tree data man-
agement system. Tree Checkers has also shifted to be more focused on rigorous data to report program performance and share 
information with researchers, whereas the earlier years of Tree Checkers were centered on enabling and encouraging neighborhood 
tree stewards to plan for tree care. A recent data quality evaluation showed that volunteer data was reasonably consistent with data 
reported by more experienced interns for tree survival, vigor, and trunk measurements, but stewardship variables were not inter-
preted and recorded consistently. By making rigorous data more central to Tree Checkers, program staff also sought to institutional-
ize monitoring within the organization, allowing for direct comparisons of outcomes year-to-year. The authors close with lessons 
learned that are relevant to other organizations seeking to create or enhance outcomes monitoring programs with citizen scientists.
 Key Words. Adaptive Management; Citizen Science; Data Quality; Tree Mortality; Tree Survival; Urban Environmental Stewardship; 
Urban Forestry; Volunteer Monitoring.

Volunteer stewardship is integral to urban for-
est management, with volunteer roles associated 
with duties such as tree planting, maintenance, 
and data collection (Silva and Krasny 2014; Fisher  
et al. 2015; Hauer et al. 2018). Citizen science, 
in particular, has been gaining steam in urban 
forestry, with municipal agencies and nonprofit 
organizations engaging volunteers in monitoring 
and inventories (Roman et al. 2013; Roman et al. 
2017; Bancks et al. 2018; Crown et al. 2018; Ro-
man et al. 2018). In the ecological and environ-
mental sciences, a citizen scientist is “a volunteer 
who collects and/or processes data as part of a 
scientific enquiry” (Silvertown 2009) and citi-
zen science programs are “partnerships between 
scientists and non-scientists in which authentic 
data are collected, shared, and analyzed” (Jordan 

et al. 2012). While these definitions imply for-
mal scientific uses of volunteer-generated data, 
citizen science is also widely used by natural re-
source managers for adaptive management, with 
applications beyond peer-reviewed publications 
(McKinley et al. 2012; McKinley et al. 2015). 
Whether citizen science programs serve primar-
ily scientific or resource management objectives, 
they can change over time, adapting to shift-
ing goals and new technologies (Sullivan et al. 
2009; Newman et al. 2012; Tulloch et al. 2013). 

In this article, the authors present a case study 
of a citizen science street tree monitoring program, 
Tree Checkers, at the Pennsylvania Horticultural 
Society (PHS) in Philadelphia, Pennsylvania, U.S. 
More specifically, Tree Checkers is an example of 
community-based outcomes monitoring to sup-
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port urban natural resource stewardship (Silva 
and Krasny 2014). The study begins with a review 
of the program’s origins, purpose, and opera-
tions, and a background on research collabora-
tions. Next, the authors discuss recent efforts to 
enhance the program through mobile data col-
lection and data quality assessments. The case 
study concludes with lessons learned to provide 
guidance to other urban forestry practitioners 
and researchers considering starting or enhanc-
ing a citizen science program. These findings 
are also relevant to practitioner-driven citizen 
science projects more broadly, particularly with 
respect to adapting data collection systems, pro-
moting data quality, and fostering partnerships. 

BACKGROUND

Street Tree Programs at PHS
PHS is a nonprofit organization, founded in 1827, 
with a mission to “[connect] people with horticul-
ture and together we create beautiful, healthy, and 
sustainable communities.” PHS is based in Philadel-
phia, PA, and works in that city and the surrounding 
counties. Tree Tenders, founded in 1993, is a volun-
teer urban tree planting and stewardship program 
and is a centerpiece of PHS’s community engage-
ment. Out of 122 current staff, 3 full-time staff work 
on Tree Tenders, with occasional part-time interns. 
PHS personnel educate residents about the impor-
tance of increasing urban tree canopy, and teach 
them how to plant, prune, water, and otherwise 
maintain trees. Residents who have taken a nine-
hour course (over two or three sessions) on these 
topics are considered official PHS Tree Tenders. 
Over 5,000 people in the Philadelphia area have 
graduated from the program over the past 25 years. 

Tree Tenders has a decentralized structure, 
working with neighborhood groups to plant trees. 
Residents serve as Tree Tenders group leaders 
and run their groups semi-autonomously. Within 
Philadelphia, there are currently 32 Tree Tenders 
groups. In advance of each autumn and spring 
planting season, Tree Tenders group leaders sub-
mit lists of potential tree planting locations to 
PHS staff; these locations are produced through 
neighborhood-level outreach from each group. 
PHS then distributes trees to Tree Tenders groups, 
who plant the trees with their neighbors. Over 

the past three years, 800–1,000 trees have been 
planted annually in Philadelphia. Most (roughly 
90%) of these are street trees. In 2000, Tree Tenders 
switched to bare-root trees, instead of balled-and-
burlapped stock, because of lower per-tree costs as 
well as less bodily strain for volunteer planters and 
PHS staff. In addition, research shows that bare 
root planting stock can have similar post-planting 
survival and growth to balled-and-burlapped trees 
(Buckstrup and Bassuk 2003; Jack-Scott 2012).

The Tree Checkers program was launched 
in 2011 to further engage Tree Tenders in the 
summer months, encourage ongoing steward-
ship and community engagement, and produce 
lists of dead trees that need to be replaced. Tree 
Checkers is a citizen science program in which 
volunteers collect data on recently planted tree 
survival, growth, crown vigor, and stewardship. 
Tree Checkers was based on a similar volunteer 
young tree monitoring program run by Friends 
of Trees (Portland, Oregon, U.S.), as presented at 
the 2010 Partners in Community Forestry con-
ference in Philadelphia. The emergence of Tree 
Checkers is therefore an example of knowledge 
transfer through urban forestry communities of 
practice (Campbell et al. 2016). Another exam-
ple of urban forestry professionals adopting and 
modifying programs from peer organizations is 
the spread of yard tree giveaway programs in the 
northeastern United States (Nguyen et al. 2017).

In addition to data collection, individuals are 
expected to engage with their neighbors to pro-
mote stewardship. The Tree Checkers program 
is structured so that the citizen scientists oper-
ate within their Tree Tenders group turf—that is, 
within their own neighborhoods—to monitor the 
trees their group planted. Promoting stewardship 
through community engagement was considered 
the highest priority for Tree Checkers during early 
years of the program; less emphasis was placed 
on data collection to report program outcomes. 
For the property adjacent to every tree, partici-
pants were asked to talk to the resident about 
proper techniques for watering, mulching, stak-
ing, weeding, and other tree and site care con-
cerns. If nobody answered the door, volunteers left 
a “Tree Check-Up Report” with notes as to how 
the tree was faring and suggestions for improved 
maintenance. Specifically, this “report card” had 
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two check boxes for each of several essential 
maintenance tasks: water, weed and clean, expose 
root flare, and mulch. One check box for each 
task thanks the resident for doing proper tree 
care, and the other reminds the resident of what 
actions to take. For example, with water, the Tree 
Checkers participant selected either “Thank you 
for adequately watering your newly planted tree” 
or “Water is crucial to your tree’s survival, espe-
cially for the first year after planting,” followed 
by detailed watering directions. A notes section 
on the “report card” provided space for addi-
tional handwritten encouragement. The engage-
ment process was based on two assumptions 
from PHS staff that are supported in the schol-
arly literature. First, social norms and neighbor 
pressure can effectively encourage landscape man-
agement behaviors (Larson and Brumand 2014; 
Sisser et al. 2016). Second, proper maintenance 
is essential for urban tree survival and growth 
during post-planting establishment (Koeser et 
al. 2014; Roman et al. 2015; Vogt et al. 2015). 

In recent years, PHS Tree Tenders staff sought 
to enhance the Tree Checkers program to pro-
duce more robust data to analyze and under-
stand tree performance. Two specific areas for 
improvement were identified and are discussed 
in this paper: 1) adding a mobile data collection 
system as part of a larger effort to improve data 
management, and (2) ensuring that Tree Check-
ers produces reliable tree performance metrics 
(survival and vigor), in terms of both sam-
pling design and volunteer observation errors. 
These shifts reflect new priorities among staff 
to produce high-quality data. Indeed, these two 
areas—data management and data reliability— 
are intricately linked, as data quality is a multi-
dimensional issue encompassing accuracy, 
accessibility, believability, completeness, and unbi-
asedness (Pipino et al. 2002; Kosmala et al. 2016).

Research Collaborations
Recent changes to the Tree Checkers program 
occurred in the context of ongoing and prior re-
search collaborations. PHS staff members were 
spurred to enhance Tree Checkers to leverage the 
close partnership between PHS and the United 
States Department of Agriculture Forest Ser-
vice Philadelphia Field Station, which opened 

in 2012 and is hosted by PHS. PHS staff also 
sought to emulate productive research in other 
PHS program areas. The PHS senior director of 
planning and sustainable communities, who su-
pervises Tree Tenders staff, had seen examples 
of rigorous research on another PHS program, 
LandCare, which “cleans and greens” vacant 
lots. LandCare has been extensively studied 
by scientists from the Forest Service Philadel-
phia Field Station and the University of Penn-
sylvania, with findings that demonstrate the 
program’s impact on crime and human health 
(Branas et al. 2011; South et al. 2015; Branas et 
al. 2016; South et al. 2018). Such analyses were 
made possible by high-quality program records 
and advanced planning for research studies. 

In enhancing the Tree Checkers program, 
the objective of PHS tree team staff was to pro-
duce reliable data for both internal program 
assessment and research collaborations through 
improved data quality and data management 
and in the Tree Tenders program. As stated in 
an evaluation of knowledge co-production in 
urban forestry, "relationships between individ-
uals are at the heart of effective partnerships" 
(Campbell et al. 2016). Consequently, PHS staff 
began collaborating with a research ecologist at 
the Philadelphia Field Station (and lead author 
on this article) who specializes in urban tree 
mortality and monitoring (Roman et al. 2016), 
with recent research on citizen science data 
quality (Roman et al. 2017). The current set of 
Tree Checkers variables (Table 1) was based on 
this scientist's work toward a minimum data 
set for monitoring (Roman et al. 2013; Camp-
bell et al. 2016; Roman et al. 2017). Studying 
tree mortality of PHS street trees was also the 
topic of that scientist's master's research at the 
University of Pennsylvania (Roman and Scat-
ena 2011). There was therefore a history of per-
sonal relationships to undergird the PHS-Forest 
Service partnership to enhance Tree Checkers.

Across three previous monitoring studies 
of PHS trees led by graduate students (Roman 
and Scatena 2011; Jack-Scott 2012; Widney et 
al. 2016), there were divergent outcomes, with 
annual tree survival ranging from 87%–96% 
(Table 2). PHS staff found it difficult to make 
meaning of these outcomes given the different 
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methods used in each study. In particular, 
while Roman and Scatena (2011) and Widney 
et al. (2016) followed typical convention for 
urban forestry studies in defining mortality as 
a combination of trees observed standing dead 
and those removed/missing (e.g., Roman et al. 
2014a), Jack-Scott et al. (2012) reported mor-
tality as only standing dead trees. Addition-
ally, the Roman and Scatena (2011) study was 
limited to only one species and had a smaller 
sample size than the other two studies. The 
lowest reported survival comes from Widney 
et al. (2016), but PHS staff have concerns that 
this low survival could potentially be due to 

one or more abnormalities (e.g., an unusu-
ally cold winter, poor quality nursery stock, 
messy planting records). These suspicions 
are untested yet they point to the larger chal-
lenges of explaining survival outcomes across 
different studies, even within the same pro-
gram. The enhanced Tree Checkers program 
is meant to institutionalize young tree moni-
toring within PHS, using consistent methods, 
to produce results that can be directly com-
pared year-to-year. In other words, PHS staff 
wanted to produce data perceived internally 
as reliable—a common goal for many citi-
zen science programs (Kosmala et al. 2016). 

Table 1. Monitoring data collected by Tree Checkers on recently planted street trees. Methods based on the Urban Tree 
Monitoring Field Guide pilot test (Roman et al. 2017) with vigor following Pontius and Hallett (2014).

Variable Description     
Mortality status Whether the tree is alive, standing dead, removed, stump, or never planted

Crown vigor class A holistic assessment of overall crown health, ranging from class 1 (healthy with little fine twig dieback and no major branch 
  loss) to class 5 (dead)

Trunk circumference Circumference of the trunk generally recorded at 1.37 m (4.5 ft) depending on tree form; multi-stemmed trees recorded below 
  the fork; exact height used is also recorded

Mulch Assessment of mulch based on PHS recommended practices (good, poorly done / too much, too little, none)

Weeds/trash Presence/absence of weeds and trash in the soil pit

Inadequate water Presence/absence of insufficient water, based on field crew feeling for soil moisture

Bark damage Presence/absence of damaged bark

Broken branches Presence/absence of broken branches

Suckers/sprouts Presence/absence of root suckers / basal sprouts

Root flare buried Presence/absence of root flare above the soil line; buried root flare indicates tree was planted too deep

Tree photo Photograph of the whole tree in the context of its immediate surroundings

Table 2. Tree survival findings from previously published studies of PHS street trees.

Study objective Survival outcome Years since planting Sample size Notes on methods Citation
Determine annual  95.5% annual survival 2–10 151 Limited to Acer campestre; Roman &
survival rate    mortality rate includes both Scatena (2011)
    missing and standing dead 

Evaluate survival and  95% cumulative survival 2.6 average 1,411 Limited to commonly planted Jack-Scott
growth of bare root  for bare root, 96% for   species, randomly blocked (2012)
versus balled-and- balled-and-burlapped   by year; missing trees were 
burlapped planting     not included in mortality rate 
stock   

Evaluate survival and  59% cumulative survival; 3–5 1,742 All species included; sampling Widney et al.
growth to estimate  87% annual survival   based on neighborhood groups; (2016)
future benefits    mortality rate includes both
    missing and standing dead
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ENHANCING TREE CHECKERS

Mobile and Online Data Collection 
Prior to 2016, PHS records for tree planting and 
monitoring were managed through a complex se-
ries of steps involving manually entered paper 
records and emailed spreadsheets (Boyer et al. 
2016). With the decentralized structure of the Tree 
Tenders program, this data management system 
required PHS staff to clean and compile dozens 
of spreadsheets from the group leaders for both 
planting requests and monitoring data. PHS staff 
were concerned that this process was too time-
consuming and prone to error. When PHS staff be-
gan their search for a software solution to their data 
management challenges, there was no off-the-shelf 
option, as proprietary software for urban forestry 
did not include monitoring features (Boyer et al. 
2016). To address data management concerns, PHS 
switched to a new data management and collec-
tion system in 2015, called the PHS Urban Forest 
Cloud, a customization of the Tree Plotter software 
from the firm Plan-It Geo (Hanou 2016). The Ur-
ban Forest Cloud system “features a collection of 
all data gathered for individual trees and projects 
and enables multiple user groups to update and 
manage tree information that is stored in a central 
database and map” (Hanou 2016). Within the Ur-
ban Forest Cloud, the Tree Checkers component 
is a web-based data collection system that enables 
volunteers to enter data via mobile devices, such 
as smartphones or tablets. During the summer of  
2017, half of the tree data came through mobile 
data collection, while data from Tree Checkers who 
preferred paper was entered later via computer. 

With two summers of Tree Checkers data collec-
tion using the Urban Forest Cloud (2016–2017), PHS 
staff have identified several benefits of the system. 
First, although there was an initial financial and staff 
time investment in the software and re-training of 
volunteers, the data entry burden for PHS staff and 
Tree Tenders has declined. Second, by eliminating 
the data entry and spreadsheet compilation steps, 
PHS staff can more quickly produce summary sta-
tistics about tree-planting performance. Third, based 
on informal conversations between PHS staff and 
volunteers, Tree Tenders have appreciated using the 
online map for routing data collection and visual-
izing data. Fourth, using mobile data collection has 

enabled groups to seamlessly integrate tree photos, 
which should help with reliable re-location of trees 
in the future (Roman et al. 2017). A key remaining 
challenge is that a subset of the monitoring data is 
still submitted via manually transcribed spreadsheets. 
PHS staff would prefer to have all data submitted 
via the Urban Forest Cloud, to eliminate the staff 
time needed to incorporate those spreadsheets back 
into the cloud. However, PHS staff continue allowing 
paper data entry, so as not to discourage volunteers 
who are not comfortable with or do not own mobile 
devices.  Indeed, while citizen science programs more 
broadly have embraced mobile data collection (Gra-
ham et al. 2011; Newman et al. 2012), such technolo-
gies can risk excluding certain populations, such as 
retirees and low-income individuals lacking smart-
phones (Roman et al. 2013; Klimova et al. 2018).

Data Quality Evaluation
Following in the semi-autonomous nature of Tree 
Tenders, PHS strongly encourages but does not 
strictly require (or enforce) participation in Tree 
Checkers. Therefore, Tree Checkers data is essen-
tially a convenience sample, which may yield biased 
results due to patterns in non-participation. In some 
earlier years, only half of the trees planted in the prior 
two seasons were monitored. In addition to potential 
sampling bias, volunteers may also have observation 
errors (Roman et al. 2017). To investigate these data 
quality issues, PHS and Forest Service scientists de-
signed a supplementary sample for summer 2017. 
In addition to the volunteer-generated convenience 
sample, paid interns monitored a random sample. 
The volunteer sample and the intern sample were col-
lected independently. These interns had additional  
supervision and training. The primary objective  of 
comparing the volunteers and intern samples  was 
to determine whether overall findings as well as 
tree-by-tree observations—especially survival— 
were comparable between the two samples. 

Out of the 797 trees planted in autumn 2016 and 
spring 2017, interns recorded data for 198 (25%) 
trees and volunteers recorded data for 707 (89%) 
trees, with 178 recorded by both crews. Volunteers 
collected data June–August 2017, and interns August 
2017. The proportion of trees recorded by volunteers 
was considerably higher than in prior years (66% in 
2015, 71% in 2016). More people may be partici-
pating as they learn to use the Urban Forest Cloud, 
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and as Tree Checkers becomes an expected activity 
for every Tree Tenders group (i.e., staff have pushed 
for participation more strongly in recent years). The 
overall 2017 survival was the same for both intern 
and volunteer data (91%), and interns and volunteers 
agreed on mortality status for 96% of trees recorded 
in common (Table 3). For crown vigor, both crews 
reported that the vast majority of trees were in vigor 
classes 1 and 2, and volunteer-reported vigor was 
within one class of intern-reported vigor for 90% 
of trees recorded in common. Trunk circumference 
from volunteers was within 2.54 cm of intern val-
ues for 62% of trees recorded in common; different 
circumference values were generally attributable to 
different heights used. Data consistency levels needed 
for urban forest management are not necessarily as 
high as data consistency needs for scientific research 
(Roman et al. 2013; Bancks et al. 2018). For instance, 
in this case, mortality and vigor class agreed for the 
vast majority of trees, and trunk circumference 
agreed generally within 2.54 cm, but not at the level 
of inter-field crew agreement required for scientific 
research with the Forest Service's Forest Inventory 
and Analysis program (U.S. Forest Service 2016b). 
These findings suggest that volunteer and intern 
data quality for vigor and trunk circumference are 
adequate for PHS needs, but perhaps not sufficient 
for rigorous research. For instance, the volunteer-
produced data should not be used for regression 
models of factors that predict stem growth, but could 
be used for rough reporting of typical tree size the 
first summer after planting. Volunteer mortality 
observations would be more suitable for research 
applications, particularly if consistency levels can 
be raised closer to 99% (the acceptability threshold 
for mortality consistency in Urban Forest Inven-
tory and Analysis, U.S. Forest Service 2016b). The 
mortality consistency rates for volunteers in Roman 

et al. (2017) was 99.9%; those citizen scientists had 
more training hours compared to Tree Checkers but 
also encountered fewer dead trees. Additional time 
devoted to training, or different training techniques, 
could potentially produce higher consistency levels 
(Starr et al. 2014; Bancks et al. 2018). Future trainings 
will emphasize that standing dead trees should have 
completely dead crowns (i.e., a nearly-dead tree with 
only a few leaves would be classified alive), and dis-
cuss how to treat situations in which the main stem 
is dead but living suckers have emerged at the base.

Mulch classification was reported to be the same 
category for 55% of trees recorded by both interns 
and volunteers, the lowest consistency level reported 
in Table 3. Consistency levels for other stewardship 
variables (presence/absence of weeds/trash, inade-
quate water, bark damage, broken branches, suckers/
sprouts, and buried root flare) are not reported here 
because of concerns regarding how those variables 
were interpreted and recorded by field crews. We sug-
gest several possible explanations for challenges with 
recording stewardship variables: 1) with subjectivity 
involved in most of these observations, some crews 
may be rating trees more harshly; 2) some volunteers 
may have recorded the circumstances as they left the 
tree (i.e., after doing maintenance) rather than how 
they found the tree (as instructed during training), 
and may have been more focused on doing mainte-
nance than recording it; 3) some of the stewardship 
variables are inherently ephemeral, so recording this 
information on different days could produce different 
observations; and 4) inconsistent notation (e.g., yes/
no, blank/check mark) by volunteers using paper data 
entry. Overall, it is apparent that improved training is 
needed to produce consistent results with the stew-
ardship variables, and the authors have not reported 
findings for most stewardship variables because the 
interpretations are unclear. Learning from these 

Table 3. Monitoring findings comparing overall volunteer-collected data (n = 707, convenience sample) to intern-collected 
data (n = 198, random sample), and tree-by-tree consistency for the trees observed by both field crews (n = 178). Blank 
entries were omitted from all summary data.

Variable Volunteer result Intern result Tree-by-tree consistency 
Survival 91% 91% 96% agreement

Crown vigor 74% in classes  84% in classes volunteer vigor within 1 vigor
 1 & 2 1 & 2 class of interns for 90% of trees

Trunk  n/a n/a 62% within 2.54 cm
circumference

Mulch 40% good 34% good 55% agreement
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challenges, PHS and Forest Service personnel have 
stressed during training that crews should record tree 
stewardship variables as observed when they found 
the tree, and should always mark yes/no for binary 
variables (i.e., never leave a data field blank). Train-
ings in future years will also emphasize thresholds 
for stewardship variables with real-world examples, 
for instance, using photos from prior years to illus-
trate how much weeds and trash need to be pres-
ent in a planting pit to warrant a "yes" finding.

Notably, Tree Checkers volunteers did not need 
to identify species of the planted trees, as this infor-
mation was pre-populated into the mobile data col-
lection system and printed data collection sheet. 
Prior studies about urban tree species identifica-
tion accuracy by volunteers have suggested that 
volunteers perform fairly well for common genera  
(consistency ~86%–91%), with results varying  
across species (Roman et al. 2013; Bancks et al. 
2018; Crown et al. 2018). Indeed, monitoring 
recently planted trees for survival may be partic-
ularly well-suited to amateur volunteers because 
species identification skills are not necessary. 

Importantly, volunteers noted two trees as mortal-
ity status "not planted." These trees were improperly 
included in the planting records. One tree was not 
actually delivered to a neighborhood Tree Tenders 
group on planting day, and the other was given to a 
Tree Tenders group but could not be planted. These 
trees were included in both the volunteer and intern 
samples, but only the volunteers correctly categorized 
the two trees because they had situational knowl-
edge about planting events. These two trees repre-
sent 0.3% of the trees observed by volunteers, and 
1.0% of the trees observed by interns. While these 
are low overall proportions, every percent (or even 
tenth of a percent) matters for mortality rate calcula-
tions, particularly for studies such as Widney et al. 
(2016) that model tree population growth over time 
using mortality rates calculated from establishment 
phase monitoring. Therefore, when such errors in 
the baseline planting data are not caught, they can 
lead to inflated mortality rates, and the inappropri-
ate mortality rate can be compound in projection 
models. This phenomena speaks to the importance 
of high-quality baseline data that lists only trees 
that have been confirmed planted (Vogt et al. 2015). 
Ultimately, in the mortality rates reported in this 
study, the authors excluded these two trees from 

the calculations. It is possible that similar circum-
stances arose in previous monitoring studies of PHS 
trees (Table 2), but external researchers (and their 
field interns) may not have been able to catch the 
issue. The concern of tree distribution records that 
include trees never planted has been discussed for 
yard tree giveaway programs (Roman et al. 2014b), 
yet the extent of the failure to plant phenomenon is 
not well understood for street tree program records.

While PHS staff and Forest Service researchers 
cannot be certain of the underlying causes of every 
data quality issue discussed above, they have identi-
fied a few changes moving forward that will hope-
fully improve baseline and monitoring needs. First, 
PHS staff will pay close attention to trees not planted, 
ensuring that the baseline data given to Tree Check-
ers does not contain such trees. Second, steward-
ship variables will have their definitions adjusted 
and training improved to promote clarity and con-
sistency. Third, when PHS staff present findings of 
stewardship variables, the outcomes will be framed 
with a grain of salt because of the subjective and 
ephemeral nature of evaluating maintenance. Fur-
thermore, it must be reiterated that the Tree Checkers 
stewardship variables were not originally intended 
to be used for data analysis, per se. Finally, regard-
ing sampling, if Tree Checkers continue to report 
data on the vast majority of trees, PHS may consider 
recruiting additional volunteers (e.g., local college 
students) to monitor the remaining trees each August 
or September. Such a hybrid system would retain 
the original resident-to-resident focus of Tree Check-
ers, while also producing data on all planted trees.

LESSONS LEARNED 
In reviewing the evolution of the Tree Checkers pro-
gram at PHS, staff and researchers have identified 
the following lessons learned that may be helpful to  
others involved with citizen science in urban forestry.

Citizen science programs are not static. These pro-
grams evolve to address changing priorities, improve 
workflows, adapt to new technologies, and enhance 
engagement opportunities. With outcomes moni-
toring as part of adaptive management, the adap-
tive component is sometimes taken to refer to shifts 
in management strategies in response to outcomes 
observed (McKinley et al. 2015). Yet the monitor-
ing program itself can and should also adapt to 
meet new needs and opportunities (Lindenmayer 
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and Likens 2009). Tree Checkers, as it exists today, 
has the same core elements that it had when it 
launched in 2011—namely, volunteers monitoring 
recently planted trees in their neighborhoods—yet 
the particulars of how the program operates, and 
even the PHS staff ’s goals for the program, have 
shifted. Crown et al. (2018) likewise describe how a 
citizen science street tree inventory program in New 
York City, New York, U.S., has changed over time.

Objectives for monitoring urban trees—and the 
data quality needs for those objectives—vary across 
programs. Over the past few years, the Tree Check-
ers program has prioritized the collection of rigor-
ous, consistent data for outcomes monitoring to 
produce results that can be meaningfully compared 
year-to-year and shared with researchers. This shift 
means that the goal of producing high-quality data 
becomes paramount. In the earlier years, Tree Check-
ers was more focused on encouraging proper tree 
stewardship through neighbor-to-neighbor pressure. 
That objective uses data collection as a catalyst for 
stewardship, rather than data collection as a vehicle 
to evaluate program performance. It is imperative 
that data quality needs be matched to monitoring 
objectives (Kosmala et al. 2016). The data consis-
tency observed for the Tree Checkers program does 
not meet the high standards for the Forest Inven-
tory & Analysis program. Yet that is not necessarily 
a large concern for internal program reports because 
management-oriented monitoring does not require 
the extremely high data consistency levels needed 
for scientific research (Roman et al. 2013; Bancks 
et al. 2018).  While the trunk measurements do not 
show consistency levels that would enable analysis 
of stem growth, volunteer mortality observations 
may be suitable for research applications, particu-
larly if consistency levels (currently 96%) could be 
pushed slightly higher through additional training. 

Accurate at-planting data is critical to monitor 
urban tree planting programs. Any monitoring pro-
gram relies on accurate baseline data; to track urban 
trees during establishment, this baseline is at-planting 
data (Vogt et al. 2015). When these records contain 
errors or have incomplete information, monitoring 
becomes challenging or even infeasible. While at-
planting data for Tree Checkers are generally clean 
with the new Urban Forest Cloud, there are still rare 
instances of trees incorrectly listed as planted, as well 
as occasional locational confusion. Although these 

issues apply only to a tiny fraction of the database, 
they could potentially inflate mortality rates: a tree 
that was never planted or that was planted at a dif-
ferent property could mistakenly be recorded as 
“removed.” The use of local Tree Tenders to collect 
data offers a validation check for at-planting data, 
as these tree stewards were present on planting day 
and can catch errors in the records. Older planting 
records at PHS seem to have more gaps and other 
issues that cause problems for monitoring studies.

Research-practice partnerships can lead to 
knowledge co-production, but institutionalized 
monitoring by managers creates continuity. While 
the findings of various past monitoring stud-
ies provided some useful information for PHS 
staff, these studies had varying methods, mean-
ing that their findings cannot be directly com-
pared. Enhancing the Tree Checkers program will 
create continuity over time for PHS to evaluate 
their tree planting efforts year-by-year. When 
natural resource managers seek to track out-
comes from their own programs, practitioner-
initiated and programmatically institutionalized 
monitoring, as opposed to researcher-originated  
projects, can appropriately serve local man-
agement needs (Silva and Krasny 2014). 

There is much more to learn about Tree Check-
ers and other citizen science monitoring efforts in 
urban forestry, including what motivates volunteer 
participation, what volunteers learn by participat-
ing, how resident maintenance activity responds to 
conversations and “report cards,” and how planted 
trees fare over the long-term. By enhancing their 
data management system and focusing on data 
quality, PHS staff aim to enable such investiga-
tions through future research-practice partnerships.
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Résumé. Les programmes de science citoyenne ne sont pas im-
muables; ils évoluent au fil du temps en réaction à de nouvelles pri-
orités et à l'émergence de nouvelles technologies, mais également 
afin d'améliorer l'efficacité du travail pour le personnel de soutien 
et les bénévoles. Dans cet article,  nous présentons une étude de 
cas d'un programme de science citoyenne évolutif de foresterie ur-
baine à la Pennsylvania Horticultural Society, un organisme à but 
non lucratif de Philadelphie, PA. Le programme Tree Checkers re-
groupe des membres qui enregistrent chaque été des données sur 
la survie d'arbres récemment plantés, leur croissance, la vigueur de 
leur houppier et leur entretien et ce, tout en encourageant les voi-
sins riverains à s'impliquer dans l'entretien approprié des arbres. Le 
programme débuta en 2011 mais fut modifié en 2016 afin d'utiliser 
un nouvel outil de collecte des données en ligne qui était lui-même 
intégré à un système de gestion de données plus vaste. Tree Check-
ers a également changé afin d'être mieux ciblé vers l'obtention de 
données rigoureuses pour rendre compte de la performance du 
programme et partager l'information avec les chercheurs, alors 
que dans les premières années, l'accent était davantage porté sur 
l'encouragement et la prise en charge par le voisinage de la planifi-
cation en vue de l'entretien des arbres. Une évaluation récente de la 
qualité des données montra que les données des bénévoles étaient 
raisonnablement cohérentes avec celles relevées par les employés 
davantage expérimentés en ce qui a trait à la survie, à la vigueur 
et au diamètre mesuré des arbres, alors que les paramètres de ges-
tion n'étaient pas interprétés et relevées de manière constante.  En 
priorisant l'obtention de données plus rigoureuses, le personne de 
soutien du programme Tree Checkers cherchait à avoir un suivi 
institutionnalisé au sein de l'organisation, permettant ainsi des ré-
sultats comparatifs d'une année à l'autre. Nous concluons avec des 
enseignements tirés qui sont pertinents à d'autres organisations 
cherchant à créer ou à améliorer les résultats de programmes de 
surveillance avec des citoyens scientifiques.

Zusammenfassung. Wissenschaftliche Programme für Bürger 
sind nicht statisch, sie verändern sich über die Zeit in Reaktion auf 
neue Programmprioritäten und sich verändernder Technologie, 
genauso wie sich der Work-flow für Programmmitarbeiter und 
Freiwillige verbessert. In diesem Artikel präsentieren wir eine Fall-
studie eine sich entwickelnden wissenschaftlichen Bürgerbeteili-
gung an der Pennsylvania Horticultural Society, einer Nonprofit-
Organisation in Philadelphia, PA. Die Baumchecker Programme 
involvieren Baumpaten zur Aufzeichnung von Daten in jedem Som-
mer über die kürzlich gepflanzten Bäume, deren Überleben, Wach-
stum, Kronenvitalität und Pflege, während ebenso die Nachbarn 
zu richtigen Pflege von Bäumen ermutigt werden. Das Programm 
begann in 2011, aber wechselte in 2016, um ein neues online Daten-
erfassungswerkzeug, welches in ein größeres Baumkatastersystem 
integriert ist, zu verwenden. Baumchecker hat sich auch verändert 
hin zu größerem Fokus auf rigorose Daten zur Leistung der Pro-

grammberichte und dem Informationsaustausch mit Forschern, wo 
in den früheren Jahren von Baumchecker der Fokus auf Ermögli-
chen und Ermutigen von nachbarschaftlichen Baumpatenschaften 
zur Planung von Baumpflege lag. Eine kürzliche Evaluation der 
Datenqualität zeigte, dass die Daten der Freiwilligen einigermaßen 
konsistent waren mit den Daten, die von mehr Erfahrenen für 
Überleben, Vitalität und Stammmessung berichtet wurden, aber 
die Patenschaftvariablen wurden nicht konsistent interpretiert und 
berichtet. Indem die rigorosen Daten in Baumchecker eine größere 
zentrale Rolle bekamen, versucht das Programmpersonal auch eine 
Überwachung innerhalb der Organisation zu institutionalisieren, 
um direkte Vergleiche der Ergebnisse von Jahr zu Jahr zu gewähren. 
Wir schließen mit gelernten Lektionen, die relevant sind für andere 
Organisationen, die versuchen, ein Auskommen mit der Kreation 
oder Verbesserung von Überwachungen wissenschaftlicher Pro-
gramme mit Bürgerbeteiligung zu erzielen.

Resumen. Los programas de ciencia sociales no son estáticos; 
cambian con el tiempo en respuesta a las nuevas prioridades y las 
tecnologías emergentes, así como para mejorar el flujo de trabajo 
para el personal del programa y los voluntarios. En este artículo, 
presentamos un estudio de caso de un programa de silvicultura 
urbana en evolución en la Pennsylvania Horticultural Society, una 
organización sin fines de lucro en Filadelfia, PA. El programa Tree 
Checkers involucra a los administradores de árboles que registran 
datos cada verano sobre la supervivencia, el crecimiento, el vigor 
de la corona y el mantenimiento de los árboles recientemente plan-
tados, al mismo tiempo que se involucran con sus vecinos para 
fomentar el mantenimiento adecuado de los árboles. El programa 
comenzó en 2011, pero cambió en 2016 para utilizar una nueva 
herramienta de recopilación de datos en línea que está integrada 
dentro de un gran árbol de gestión de datos. Tree Checkers tam-
bién se ha centrado más en datos rigurosos para informar sobre 
el desempeño del programa y compartir información con los in-
vestigadores, mientras que los años anteriores de Tree Checkers se 
centraron en habilitar y alentar a los administradores de los árboles 
del vecindario a planificar el cuidado de los árboles. Una evaluación 
reciente de la calidad de los datos mostró que los datos de los vol-
untarios eran razonablemente consistentes con los datos reportados 
por pasantes más experimentados para la supervivencia, el vigor 
y las mediciones del tronco, pero las variables de administración 
no se interpretaron y registraron de manera consistente. Al hacer 
que los datos rigurosos sean más importantes para los verificadores 
de árboles, el personal del programa también intenta institucionali-
zar el monitoreo dentro de la organización, lo que permite realizar 
comparaciones directas de los resultados año con año. Cerramos 
con lecciones aprendidas que son relevantes para otras organizacio-
nes que buscan crear o mejorar los programas de monitoreo de re-
sultados con científicos ciudadanos.
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Abstract. Environmental restoration projects are widely used as a means to reverse the degradation and damage done to an ecosystem 
by a range of different disturbances. Literature shows that engaging the public in restoration projects is important to long-term suc-
cess; therefore, it is important to understand who participates in stewardship of these projects and why. Here, researchers investigate 
what aspects of individuals’ environmental knowledge, environmental identity, demographics, views of and engagement in their com-
munity, and current civic stewardship might predict willingness to engage in restoration stewardship activities. This project takes place 
in the context of an ongoing maritime restoration planting experiment in the Jamaica Bay region of New York City, New York, U.S. The 
study authors developed a questionnaire with scales of the metrics above. Researchers found that individuals who were most willing 
to engage in environmental restoration stewardship had high sense of personal agency (i.e., their actions can have impact), saw value 
in their stewardship contributions for their community, were older, and were very knowledgeable about environmental issues. Addi-
tionally, the desire to preserve local biodiversity was not correlated with engagement in environmental restoration programs, whereas 
a desire to help and improve the local community was positively correlated. These results suggest a need to reframe how scientists and 
practitioners approach and discuss future restoration projects with community members to garner support for these types of programs.
 Key Words. Biodiversity; Civic Science; New York City; Restoration; Stewardship; Urban Ecology.

Environmental restoration projects are widely 
used to reverse the degradation and damage 
done to an ecosystem by direct or indirect hu-
man activity (Jackson et al. 1995; McDonald et 
al. 2016). The body of literature on environmen-
tal restoration has emphasized the outcomes 
of restoration on the ecosystem (Benayas et al. 
2009). However, there has been less work done 
to investigate the development of social capital 
for restoration projects of, and long-term impact 
on, the communities in which the projects take 
place (Davis and Slobodkin 2004; Higgs 2005). 
Most restoration projects are initiated by profes-
sionals; community partners are rarely incorpo-
rated in restoration projects or are incorporated 
after the project begins. A major factor identi-
fied in long-term restoration success is the in-

clusion of local stakeholders in participatory 
processes (Higgs 2005; Choi et al. 2008; Shakel-
ford et al. 2013). This finding suggests a need for 
scientists or practitioners wishing to implement 
a restoration project to understand communi-
ties and the drivers that lead to participation by 
local stakeholders. As cities around the world 
grow (Grimm et al. 2008) and face mounting 
environmental degradation (Blanco et al. 2009), 
environmental restoration will become more 
important in these landscapes. It is clear that in 
order to increase the likelihood of longitudinal 
restoration project success, professionals should 
proactively seek to include community members 
in project development, implementation, and 
long-term maintenance. To do so, understand-
ing what aspects of individual identity may drive 
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community participation in environmental res-
toration can help project managers account for 
the interests of the community when designing 
projects and recruiting community participants.

While there are numerous ways to increase 
inclusion of stakeholders in restoration projects 
(e.g., town hall meetings, public opinion surveys, 
etc.), participatory frameworks have been iden-
tified in the literature to provide a deeper inte-
gration of community members in restoration 
projects. Environmentally-focused restoration 
projects that provide deeper inclusion of mem-
bers of the public often take the form of civic 
science or civic ecology stewardship (e.g., Dolan 
et al. 2015; Peters et al. 2015). Civic science has 
been defined in the literature to encompass the 
many different types of public engagement (i.e., 
citizen science, participatory science, democratic 
science) with the underlying theme of public 
participation in the production and/or use of 
scientific knowledge (Bäckstrand 2003). Civic 
ecology stewardship (hereafter stewardship) 
is most often driven from within a community 
(Krasny and Tidball 2012), and it is defined by 
the functions (conservation, management, moni-
toring, education about, or advocacy) in which 
community members engage as part of caring for 
the local environment (Svendsen and Campbell 
2008; Connolly et al. 2013; Svendsen et al. 2016). 

These two forms of inclusion can serve differ-
ent roles in a restoration project and may change 
over time, depending on project needs and com-
munity interest. Civic science can be beneficial 
for long-term data collection (Silvertown 2009), 
in which projects are looking to collect data to 
ask and answer scientific research questions relat-
ing to the restoration. Developing a restoration 
project inclusive of stewardship practices may be 
more important for those projects looking to pro-
mote community engagement in the conservation, 
monitoring, and management of these restored 
areas. Integrating community stewardship prac-
tices in restoration projects that are scientist-
driven and initiated is an important challenge 
to address, as Krasny and Tidball’s (2012) work 
suggests, civic ecology stewardship is often initi-
ated from within communities. Therefore, it is 
important to identify what drives individuals to 
participate in these types of stewardship activities. 

Identity and Stewardship  
Contributions
Personal identity can guide decision making 
(Dresner et al. 2015) and views of personal re-
sponsibility toward engaging in stewardship, 
environmental behavior, and a desire to con-
tribute to restoration projects. Identity frames 
are “cognitive frameworks or schemes of the 
characteristics belonging to individuals, or cat-
egories of individuals, as we develop our iden-
tity from our social experiences” (Guichard 
2001). Dresner and colleagues (2015), among 
others, have shown that identity frames can im-
pact decision making, behavior, and interpre-
tations of information. These identity frames, 
therefore, can guide personal desire to be an 
environmental steward and also guide views 
of personal responsibility towards engaging in 
restoration and the environment more broadly. 

Environmental identity is a formed concept 
of the connection between the natural environ-
ment and self (Clayton 2003). This identity is 
formed in part by personal behavior, history, 
and emotional attachment; this identity impacts 
the ways individuals perceive and act toward 
the environment. From this identity comes the 
belief that the environment is important to peo-
ple and is a key part of who someone is as an 
individual (Clayton 2003). Prior work has found 
that individuals identifying as environmental-
ists predicts positive environmental behavior and 
being highly knowledgeable about the environ-
ment (Hines et al. 1987; Kashima et al. 2014). 
An environmentalist identity has been concep-
tualized in the literature as what it means to be 
an environmentally friendly person in terms 
of personal actions and the internal drivers of 
those actions (Kashima et al. 2014). Linking 
identity to environmental stewardship, research 
on stewards from Portland, Oregon, U.S., found 
that environmentalist identity, environmental 
behavior, and current civic engagement corre-
lated with frequency of stewardship participation 
(Dresner et al. 2015). A recent study on stew-
ardship groups from New York City, New York, 
U.S., found that those individuals participating 
in urban tree-planting stewardship programs 
exhibited an emergent, uniquely hybridized envi-
ronmentalist-civic identity post-participation  
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(Fisher et al. 2015). The study authors propose 
that possessing this unique hybrid identity 
may drive future engagement in stewardship 
programs. These personal identity frames can 
help researchers understand who within com-
munities may be interested partners in environ-
mental restoration, particularly in terms of the 
proposed civic and environmental identities. 

Objectives
As previous research found emergent hybrid-
ization of individuals’ civic and environmental 
identities (Fisher et al. 2015), researchers want-
ed to explicitly test whether these identities may 
drive individuals to participate in stewardship, 
and not just manifest from engaging in steward-
ship. Researchers ask, in this paper, what aspects 
of individuals’ environmental knowledge, envi-
ronmentalist identity, demographics, and views 
of, and engagement in, their community and cur-
rent civic stewardship might predict willingness 
to engage in restoration stewardship activities? 

Additionally, researchers wanted to ask what 
types of restoration stewardship activities people 
would be willing to engage in (e.g., data collec-
tion, long-term plot maintenance, community 
beautification). Different types of restoration stew-
ardship activities may be more appealing than 
others, which is important to consider when try-
ing to engage individuals in these projects. This 
research can help inform the capacity to translate 
scientist-driven environmental restoration proj-
ects into community-engaged stewardship oppor-
tunities. Creating a better picture of the drivers 
of participation in environmental stewardship 
projects can help professional scientists and prac-
titioners understand the motivations of members 
of the public to participate in restoration projects.

METHODS
To investigate what may drive local community 
members to become stewards of an environmental 
restoration project, the authors conducted a sur-
vey of individuals living in the neighborhoods of a 
recently implemented, scientist-driven, urban res-
toration program in New York City. The restora-
tion project is a Native Maritime Planting (NMP) 
as a part of Jamaica Bay Fringing Habitats Experi-
ment across the boroughs of Queens and Brook-

lyn. The NMP consists of 10 experimental plots 
spread across four sites surrounding Jamaica Bay 
(Figure 1) that were established in the summer 
of 2015. The NMP has two major goals: 1) to col-
lect establishment data on native maritime plants 
to assess survivability, and 2) to increase com-
munity engagement in the restoration efforts. At 
the onset of the research described in this manu-
script, the NMP restoration sites were established 
the prior summer, and the project leaders sought 
to include community members in the long-term 
stewardship of the sites (via data collection, main-
tenance, and broader development and advocacy 
of restoration efforts within the community). 

The restoration sites were spread across six 
parks in Queens and Brooklyn. As the majority  
of restoration plots were established in local NYC 
parks, the authors chose to constrain the sam-
pling of respondents to current park users. The 
plots at Site #1 were spread across two public 
parks, Spring Creek Park and Fresh Creek Park 
(~1.6 km apart). The plots at Site #2 were also 
spread across two public parks, Springfield Park 
and Idlewild Park (~0.8–1.6 km apart). The plots 
at Site #3 (Floyd Bennett Field) were excluded 
because they are on National Park Service 
lands and thereby have a different management 
approach and governance structure. The plot at 
Site #4 (Southeastern Queens) was excluded due 
to low foot traffic and public use of the area. 
Further description of the parks included at the 
two sampling sites can be found in Campbell et 
al. (2016). Researchers conducted an in-person 
survey with park users at Site #1 and Site #2 dur-
ing June–August 2016. Site #1 and Site #2 were 
visited twice for a minimum of six hours, once 
during the weekend and once on a weekday, to 
ensure a comprehensive snapshot of potential 
local users of the parks was captured. Adult park 
users were approached using the street-intercept 
survey method, as it has been found to have 
higher survey success rates in urban environ-
ments (Miller et al. 1997). Potential participants 
were initially asked if they lived locally. Only 
individuals who identified as living locally to the 
area were asked to complete the full survey. Local 
users of the parks on which these restoration sites 
are located were chosen as the sample population 
because prior research using the street-intercept 
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method in parks captured a broad range of demo-
graphic, socioeconomic, and value representa-
tions of the local population (Jordan et al. 2015).

Response rate was 65%, as 35% of the indi-
viduals approached did not want to participate 
in the survey or were not living in the area. For 
in-person survey techniques, a response rate of 
80% is considered very good (Shaughnessy and 
Zechmeister 1990; Punch 2003). Some of the indi-
viduals who declined to participate in this survey 
did so due to language barriers (i.e., told research-
ers they did not speak English when they were 
approached). In New York City, a highly diverse 
area of the U.S., there are more than 200 spoken 
languages, and more than half of residents speak 
a language other than English in their home (NYC 
Planning 2010). If the individuals who declined to 
participate due to language barriers are removed 
the response rate becomes 78%. The authors 
acknowledge that this may have implications for 
the results of this survey because non-English 

speaking individuals were not represented in this 
survey, yet are important stakeholders within these 
communities. The survey in total took most par-
ticipants about 30 minutes to complete with the 
researchers. No identifying information was col-
lected to ensure anonymity. All participants who 
completed the survey were compensated USD $10 
for their time. All research was done with insti-
tutional IRB approval and participant consent. 

Survey Creation
The survey conducted in this study aimed to 
investigate an individual’s intention to engage 
in stewardship of these restoration sites in  
relationship to identity, demographics, indi-
vidual perceptions of community, and environ-
mental knowledge. The survey was composed 
of 56 total items, with 35 of the items used for 
the analysis in this paper (see Appendix for 
full survey). The survey used a mix of Likert-
like, binary, and open-ended items. Likert-

Figure 1. A map of the study area, Jamaica Bay in New York, U.S. Jamaica Bay is surrounded by the New York City 
boroughs of Queens and Brooklyn. Within the four sites, the experimental plot areas are denoted by stars. Site #1, 
Southeastern Brooklyn, has three experimental plot areas. Site #2, Eastern Queens, has three experimental plot areas. 
Site #3, Floyd Bennett Field, has three experimental plot areas. Site #4, Southeastern Queens, has one experimental 
plot area. Research was conducted in Site #1 and Site #2. Image credit: Jean Epiphan.
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scale questions were on a scale of 1 (strongly 
disagree) to 5 (strongly agree). The survey was 
divided into six sections: views of community, 
views of local greenspaces, views and percep-
tions of native plants, environmental identity 
and knowledge, demographics, and stewardship.

The views of community, views and per-
ceptions of native plants, and views of local 
greenspaces portions of the survey were com-
posed of items developed and published in 
previous work (see Jordan et al. 2015). The 
views of community survey items focused on 
individuals’ perceptions of their community, 
or how cohesive or community-oriented they 
felt they believed themselves and others living 
in their community to be (civic-mindedness). 
Examples of such a survey item statements 
include: “Do you feel that people in your 
neighborhood feel community is important 
(or where you live is community-driven)?” 
and “Do you actively participate in any local 
groups or organizations in your community?”

For stewardship interest and motivation, sur-
vey items developed and published in Grese et 
al. (2000) were applied. These questions focused 
on future desires to engage in stewardship and 
what individuals perceive as benefits to them-
selves for engaging in stewardship. Examples of 
such Likert-like survey items include: “Engag-
ing in local stewardship of my community 
allows me to learn new skills” and “Engaging 
in local stewardship of my community protects 
natural places from disappearing.” To investi-
gate interest or participation in stewardship, 
respondents were asked about their interest in 
participating in different local environmental 
stewardship opportunities (e.g., a cleanup event, 
collecting data about the plants in the experi-
mental plots, maintaining the plots through 
weeding and watering, or attending cultural 
events, such as art days or nature walks) and 
the frequency to which respondents would 
be willing to participate in these opportuni-
ties. The average value of responses to these 
questions was used as a dependent variable to 
investigate what factors influence participa-
tion, or willingness to participate in, a steward-
ship activity (later referred to as “stewardship 
score”). Additionally, respondents were asked 

if they considered themselves stewards and this 
response was also used as dependent variable 
in the analysis. The demographic information 
collected from each survey respondent was 
age, highest education level, race, and income. 

The environmental identity items (views of 
the environment, personal environmental iden-
tity, behavior towards the environment, and 
environmental preferences) were developed by 
the first and second author and the National 
Environmental Education Foundation (2015). 
The environmental identity portion of the sur-
vey was composed of items framed around the 
operational definition of environmental iden-
tity. Those developed by the authors were vet-
ted through the Program in Science Learning 
at Rutgers University and published in prior 
research (see Jordan et al. 2015; Sorensen et 
al. 2015). Examples of the Likert-like survey 
items on views and personal action toward 
the environment/biodiversity included: “Pre-
serving local biodiversity is important to me.” 
Examples of the Likert-like survey items on 
personal environmental identity included: 
“I consider myself an environmentalist,” “I 
believe I can have an impact on solving envi-
ronmental issues,” and “I think climate change 
is in part caused by human actions.” Addition-
ally, survey items of behavioral intent were 
included as a part of environmental identity 
(intention to act positively toward the envi-
ronment). Survey items to assess behavioral 
intent included items such as, “I would sup-
port policies to improve the Jamaica Bay eco-
system” and “I would be willing to pay (up to/
more than) $25 per year to improve the Jamaica 
Bay ecosystem.” These survey items assessing 
environmental attitudes and behaviors have 
been previously published (Jordan et al. 2015; 
Clark et al. 2016), but specifics in the ques-
tions were modified for the Jamaica Bay area. 

Analysis
All data were analyzed using R, Version 3.3.3. 
Since this work hopes to help incorporate com-
munity members into stewardship projects, the 
stewardship score was investigated across demo-
graphic factors using analysis of variance. To de-
termine what questions predicted if an individual 
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would identify as willing to participate in stew-
ardship activities (indicated interest or active 
participation in stewardship activities through 
the stewardship score), a boosted regression tree 
(BRT) was used. The BRT was run to investigate 
how responses to survey questions influenced 
the likelihood of a respondent participating in 
or being willing to participate in stewardship 
activity. Another BRT was run to investigate 
what factors led to a respondent self-identifying 
as a steward. The BRTs were run with package 
gbm, which runs a series of binary regression 
trees in order to best fit variables to data (Elith 
et al. 2008). The BRTs explain how strongly the 
answers to a given question help explain the re-
sults. Questions with high levels of influence 
may strongly predict likelihood of stewardship, 
while questions with low levels of influence do 
not impact stewardship. After the BRTs were run, 
all questions were ranked by relative influence on 
stewardship. The six questions with the highest 
level of influence for self-identifying as a stew-
ard and participating in stewardship activities 
were then investigated to see how the response 
to the question influenced the respective depen-
dent variable. Researchers chose the top six ques-
tions because the standard on boosted regres-
sion trees suggests choosing the most influential 
variables through a cutoff (Elith et al. 2008). 

RESULTS
In total, there were 55 individual respon-
dents; Site #1 had a total of 26 respondents 
and Site #2 had 29 respondents. For de-
mographics of the 55 survey respondents,  
researchers had a roughly equal represen-
tation across gender identity, with 28 male 
and 27 female respondents. For a breakdown 
of respondents by age (% of survey respon-
dents): ages 18–25 (23%), ages 26–35 (22%), 
ages 36–45 (18%), ages 46–55 (13%), ages 56–
65 (11%), ages 66+ (4%), and preferred not to 
answer (9%) (Figure 2a). For education: 65% 
of respondents had some college education 
or below, and 33% of respondents had com-
pleted college or had more advanced educa-
tion (MA, Ph.D., MBA, etc.) (Figure 2b). For 
ethnic identity, the majority of respondents 
identified primarily as African American/

African/Black (Figure 2c). The demographic  
breakdown of respondents in the survey 
closely represent the demographics of the 
broader community (DATA USA 2017). 

The average stewardship score for respon-
dents was 2.98, with a standard deviation of 
0.85, indicating the average respondent was 
somewhat interested in participating in stew-
ardship activities and varied from neutral to 
very interested. Stewardship score did not vary 
by race (P = 0.23), gender (P = 0.68), level of 
education (P = 0.98), or age (P = 0.34). The 
six questions that had the most influence on 
whether an individual identifies as a steward 
were composed primarily of questions address-

Figure 2. A breakdown of survey respondent demographics 
(n = 55): a) age, b) highest level of education attained, and 
c) ethnic identity.
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ing an individual’s knowledge of native plants 
and how plants can positively serve the needs 
of the local community (Figure 3). Age was also 
an important determining factor as to whether 

someone would be involved in stewardship 
activities. None of the other demographic vari-
ables (race, gender, education, income) showed 
up as important in the models, and none of 

Figure 3. The top six questions that resulted in an individual identifying as a steward are as follows: Question 
59.5: “Research on the role or effect of native plants in my community is important.” Question 59.3: “Native 
plants and animals serve an important role in Jamaica Bay.” Question 1: “What year were you born?” Question 
59.2: “Preserving local biodiversity is important to me.” Question 58.4: “When I volunteer I want to go outdoors.” 
Question 56.4: “How interested are you in taking care of a community garden.” 

Figure 4. These six graphs show the influence each of the top six questions have on self-identifying as a steward. 
The x-axis represents an individual response to the given question, while the y-axis shows how it influences 
the likelihood of self-identifying (1) or not identifying (0) as a steward. All questions, except question one, have 
positive relationships with identifying as a steward, whereby responding more positively to the question means 
an individual will more likely be a steward. Question 1 has a negative relationship with self-identification as a 
steward, as increasing birth year (decreasing age) is negatively correlated with identifying as a steward. Ques-
tion numbers and their relative importance are listed below each figure. 
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the variables of views of community or cur-
rent civic engagement within the community 
were important in the model. Additionally, a 
desire to spend time outdoors and an interest 
in taking care of a community garden played a 
large role in an individual’s self-identification 
as a steward. How the response to one of the 
top six questions influenced the likelihood of 
identifying as a steward can be seen in Figure 
4. The BRT analysis ran for 4,500 iterations 
with a final AUC score of 0.843, identifying 
that the selected variables were a good fit for 
predicting the independent variable (Elith et 
al. 2008), that is, if an individual identifies 
as a steward (Figure 5). Additionally, indi-
viduals who identified themselves as stewards 
were more likely to be willing to or already 
be taking part in stewardship activities than 
individuals who did not identify as stewards 
(P = 0.03). Those who self-identified as stew-
ards were taking part or willing to take part 
in stewardship activities two to three times a 

year, or monthly, while respondents who did 
not consider themselves stewards participated 
in stewardship activities never or once a year.

The top six quest ions that inf luenced a 
respondent ’s stewardship score were simi-
lar to those that led to self-identif ication as 
steward, with whether an individual identi-
f ied as a steward being an inf luence ques-
tion in terms of stewardship wil l ingness or 
activity. Wil lingness to participate in stew-
ardship act iv it ies was driven strongly by a 
desire to be part of the community. Two of 
the top questions directly address being part 
of the community,  whi le two other ques-
t ions relate to how the community may be 
impacted by climate change and a desire to 
stop it .  Addit iona l ly, compensat ion in the 
form of money or credits negatively corre-
lates with increased stewardship willingness. 
Figure 6 displays the relationship between the 
response to each of the top six survey ques-
tions and how it inf luences stewardship score. 

Figure 5. Responses to six questions that best predict an individual’s stewardship score. These questions, 
in order of relative importance, are as follows: Question 57.1: “How often would you be willing to participate 
in a clean-up event.” Question 46: “Do you define yourself as a steward?” Question 54.3: “It is very important 
to me to be a part of this community.” Question 48: “Would you consider planting any of these in your own 
yard?” Question 43.3: “I think climate change will cause harm to people living in Jamaica Bay.” Question 58.10:  
“Volunteering is an opportunity to potentially make money or earn credit.”
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DISCUSSION 
In this intensively urban landscape, the research 
shows that community members are most like-
ly to be willing to participate in stewardship of 
restoration activities if they are knowledgeable 
about environmental issues and have a strong 
desire to be part of the community. From the 
study results, researchers observed an interesting 
pattern wherein individuals’ knowledge of envi-
ronmental issues, rather than self-identification 
as an environmentalist, predicted willingness to 
participate in stewardship and identify as a stew-
ard. These findings support the notion that civic 
identity and aspects of environmental identity 
(knowledge and perception of importance) drive 
stewardship engagement. These results diverge 
from the current understanding of the impacts 
and implications of self-identifying as an envi-
ronmentalist. As noted earlier, environmental-
ist identity encapsulates what it means to be an 
environmentally friendly person through ac-

tion and the internal drivers of those actions 
(Kashima et al. 2014). However, in the context 
of this study, there is a separation of individual 
environmentalist identity with one’s environ-
mental knowledge and environmental behav-
ior. Instead of environmental identity, a strong 
connection to the community drives willingness 
to participate in stewardship activities, while a 
strong knowledge of environmental issues leads 
an individual to identify as a steward. While  
researchers did not find that individuals ex-
plicitly identifying as environmentalists were 
more willing to engage in stewardship, it may 
be that participation in stewardship strengthens 
environmental identity or that only particular 
elements of individuals’ environmental identity 
drives initial behavior. This work may suggest 
that individuals in these communities partici-
pate in pro-environmental behaviors and are 
knowledgeable about the environment (signi-
fiers of environmentalist identity), while not 

Figure 6. These six graphs show the influence each of the top six questions has on an individual’s stewardship 
score. The x-axis represents an individual response to the given question, while the y-axis shows how it influ-
ences an individual’s stewardship score. The more time an individual was willing to participate in a clean-up 
event (57.1) the more willing an individual is to participate in stewardship, and those that respond they would 
participate less than two or three times a year are less likely to be willing to be stewards. Identifying as a stew-
ard (46) also positively correlates with increased willingness to partake in stewardship activity. One’s desire to 
be part of a community also increases one’s stewardship score, but this response is only seen in individuals 
responding that they somewhat or completely agree. Willingness to plant specific plants (48) also positively influ-
ences stewardship score. Agreeing that climate change will negatively impact Jamaica Bay increases likelihood 
of stewardship; however, disagreeing does not strongly detract from an individual’s willingness to participate 
in stewardship activities. Finally, individuals who do not want to make money or earn credit from their activities 
are more likely to be willing to participate in stewardship activities.
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self-identifying as an environmentalist. Indeed, 
a recent study of how strongly students in STEM 
fields identify with four identities (scientists, 
environmentalist, conservationist, and environ-
mental-justice practitioner) found that, for mi-
nority students, environmentalist identity was 
intertwined with their identity as a conserva-
tionist, environmental-justice practitioner, and 
to a lesser extent, scientist (Taylor 2017). The 
findings from the current study, in conjunction 
with the work of others (Heinz 2005; Taylor 
2017; Gupta et al. 2018), suggests that how the 
literature has conceived of environmental iden-
tity and what it means to be an environmentalist 
may not be representative or sufficiently encap-
sulate the complexity and intertwining of identi-
ties in minority individuals’ environmentalism. 

Other variables that predict individuals’ will-
ingness to engage in stewardship: individuals who 
like to be outdoors, individuals who think science 
research is important, individuals who feel envi-
ronmental issues are important, and individuals 
who believe their actions have an impact. This 
last finding aligns with previous literature inves-
tigating individuals’ sense of agency. An indi-
vidual’s sense of agency refers to the feeling or 
attribution of their actions having an effect on 
external events (Chambon et al. 2014). As a part 
of this sense of agency, individuals believe that 
their actions are important and that, when they 
take action, it will be effective (Bandura 1997). 
It is not surprising that people who are willing 
to partake in stewardship are those who also 
believe that their actions will have an impact on 
the broader community. When recruiting com-
munity members to participate, this finding high-
lights the importance of identifying community 
members who not only enjoy being outside, are 
knowledgeable, and care about the environment, 
but are also creating opportunities for engagement 
that are clear actionable steps that allow partici-
pants to see how their actions will make a differ-
ence in their community. Research on collective 
agency shows that groups who share the belief 
that their collective action can produce desired 
outcomes can foster commitment to the group 
mission, resilience to adversity, and performance 
(Bandura 2000; Reese and Junge 2017). In con-
nection to this, it is also important to note that 

broader individual personality metrics may pre-
dict persistence in projects, particularly in the 
face of setbacks (Morris and Staggenborg 2004). 

In terms of demography, in the findings, it was 
older individuals who were most likely to identify 
as stewards, although there was no relationship 
between any of the demographic metrics and the 
willingness to participate in stewardship projects. 
Anecdotally, many traditional civic science proj-
ect demographics are dominated by older, highly 
educated adults (predominantly retired individu-
als), rather than younger individuals (school age 
through working age) or individuals with lower 
educational attainment. The results indicate 
that while many older individuals may identify 
as stewards, they are not more likely than the 
younger respondents to be willing to participate 
in the stewardship activities highlighted in this 
survey. A study of individuals in the participa-
tory science project “TreesCount!” in New York 
City found that the majority of its contributors 
were older, more educated, and more affluent 
(Johnson et al. 2018). Recent work evaluating 
individuals’ sustained motivations for engaging 
in civic science programs found that older indi-
viduals (55+) participated because the projects 
were an avenue for inclusion in a community (S. 
Petluru pers. comm.). For developing projects, 
the relationships between identity, demograph-
ics, and motivations for the highest likely users 
(i.e., age and desire for community) is important 
for project managers to consider and understand. 

As this study is one of respondents’ behav-
ioral intent to engage in stewardship activities 
of the restoration plots, it is important to note 
how intent translates to action. However, the 
literature on how behavioral intent translates 
to action is mixed. A meta-analysis on stud-
ies of intended behavior and actual behavior 
showed that the strong intention drove small 
to moderate actual changes in behavior (Webb 
and Sheeran 2006). However, there is also  
literature showing that reported behavioral 
intent is different than actual behavior (Barr 
2004). More specifically, recent work look-
ing at the intention of individuals engaging in 
pro-environmental behavior and their actual 
behavior indicates that people are susceptible 
to believing they are behaving more positively 
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toward the environment more often than they 
actually are (Barr 2004). Because of the com-
plexity in the relationships between the social 
and psychological underpinnings driving indi-
vidual motivations and engagement in environ-
mental restoration, further research is needed 
to continue this work. An attempt was made to 
investigate what factors may lead to actual par-
ticipation in stewardship events, but only 7 of 
the 55 individuals surveyed stated they already 
participated in any of the stewardship events.

Social Implications
It is important to note that while restoration proj-
ects aim to engage members of the public, there 
are groups of individuals that are less likely to 
engage or to be engaged because of various con-
straints and barriers. Important for issues of ur-
ban restoration and stewardship, prior literature 
suggests that individuals living in urban environ-
ments, particularly ethnic minority communi-
ties, are less exposed to nature (Bixler et al. 1994; 
Finney 2014), thus influencing future desire to 
engage in outdoor and environmental activities. 
Lack of exposure and opportunity to engage with 
nature interplays with socioeconomic status, race 
or ethnic identity, gender identity, and education-
al opportunity, influencing the broader cultural 
norms and patterns around outdoor preference 
and engagement noted in the literature (Ching-
hua et al. 2005; Ryan 2005; Byrne and Wolch 
2009). However, the current study found that 
the majority of park users, and those individuals 
willing to engage in environmental stewardship, 
were predominantly individuals who identified 
as a member of an ethnic minority group. This 
aligns with recent work from Fisher et al. (2015) 
that found minorities are overrepresented in ur-
ban stewardship practices in terms of their broad-
er demographic proportions. Additionally, work 
from Gupta et al. (2018) found that racial minor-
ity groups comprised almost half of the total en-
vironmental educators compared to the general 
population. These findings together suggest that 
there is a broader underestimation of the number 
of minorities participating in environmentally- 
focused efforts (i.e., stewardship, education). 
These conflicts in the literature suggest that further 
research is needed to understand how individuals 

conceptualize urban environmental restoration 
in the context of their own environmentalism.

Recommendations
When developing materials to engage potential 
community partners, it may make sense to target 
areas that serve older community members for 
sustained participation. When developing out-
reach materials, the current study suggests the im-
portance of framing these materials to particular 
individuals with high environmental knowledge, 
self-efficacy, and a strong connection to their 
community. In framing these materials, research-
ers appeal to people’s environmental knowledge 
and the potentially broader, positive impacts that 
people’s involvement may have on their commu-
nity to engage people in stewardship activities— 
particularly urban environmental stewardship. 
Conversely, if project managers are looking to 
diversify the pool of stewards outside of those 
who are already motivated, new strategies in ma-
terial development and recruitment need to be 
tested. For recruitment messaging to reach those 
less-engaged populations, these messages need 
to “meet people where they are” and resonate 
with their own cultural experiences, knowledge 
base, and interests. One example of this is high-
lighted by Johnson et al. (2018), in which Trees-
Count! and NYC Parks partnered with AfroPunk 
to give away free music tickets as an incentive 
to attract a new demographic of participants 
to the tree census effort. Other programmatic 
strategies that leverage stewards’ environmen-
tal knowledge and civic awareness might take 
the form of mobilizing stewards as communica-
tion leaders, whereby individuals could trans-
late outcomes and advocate for the restoration 
project to other community groups (e.g., reli-
gious organizations, schools, sports groups). 
From the collective agency perspective, creating 
discrete, actionable steps throughout the res-
toration project that the stewardship group can 
accomplish, and emphasizing how these steps 
translate to broader community benefits, would 
reinforce the member’s sense of agency. While 
these are just a couple of programmatic strate-
gies, there are certainly others that need to be in-
vestigated and implemented. Taken together, this 
research provides a first step toward thinking 
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about what those new directions can be in order 
to bring more community members to projects. 

Additionally, it is anecdotally known by many who 
run volunteer programs, and was thus identified in 
the current data, that individuals’ desire to partici-
pate in stewardship did not have any relationship 
to commitment of frequent or regular participation. 
Therefore, program managers could consider creat-
ing multiple opportunities for community members 
to engage in projects with varying levels of neces-
sary commitment. In this, having one-off or shorter 
engagement opportunities for people who may want 
to contribute but not commit to regular participation, 
and a longer term and sustained protocol for engage-
ment for those individuals who come to these types 
of projects for community. From prior literature 
investigating civic-science participation, engaging 
individuals in one-off or low-commitment experi-
ences can translate to sustained participation in proj-
ects over time (Everett and Geoghagen 2016). While 
project leaders will need to judge what is appropri-
ate and feasible given each project’s constraints (e.g., 
funding, staffing, time), these opportunities to engage 
the public in environmental restoration are neces-
sary for long-term success, and further research is 
needed to help practitioners develop programs and 
materials in a more nuanced and informed way.
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Résumé. Les projets de restauration environnementale sont 
largement considérés comme un moyen d'inverser la dégradation 
et les dommages occasionnés à un écosystème affecté par toute une 
série de perturbations variées. Une revue de littérature démontre 
que l'engagement du public dans les projets de restauration est ga-
rant d'un succès à long terme; par conséquent, il est essentiel de 
caractériser qui sont les participants d'une telle intendance et pour-
quoi. Les chercheurs ont examiné quels sont les aspects des con-
naissances environnementales d'un individu, de son identité envi-
ronnementale, de ses données démographiques, de ses perceptions 
et de son engagement communautaire ainsi que de son intendance 
civique en vue de prédire son implication potentielle dans des ac-
tivités de restauration environnementale. Ce projet a été réalisé 
dans le contexte d'une expérience de plantation en cours pour la 
restauration d'un site maritime dans la région de Jamaica Bay dans 
la ville de New York, état de New York, États-Unis. Les auteurs de 
l'étude ont développé un questionnaire afin de qualifier les aspects 
mentionnés ci-haut. Les chercheurs ont découvert que les indivi-
dus les mieux disposés à s'engager dans les projets de restauration 
environnementale avaient un sentiment élevé de leur capacité à in-
fluencer par leur actions individuelles, qu'ils étaient conscients de 
la valeur communautaire de leur contribution, qu'ils étaient plus 
âgés et très informés quant aux questions environnementales. En 
outre, le désir de préserver la biodiversité locale n'était pas en cor-
rélation avec un engagement dans les programmes de restauration 
environnementale, alors que le désir d'aider et d'améliorer la com-
munauté locale était favorablement corrélé. Ces résultats soulignent 
la nécessité de recadrer l'approche des scientifiques et des praticiens 
aux fins de discussion des futurs projets de restauration avec les 
membres des communautés en vue de mobiliser le soutien pour ce 
type de programmes.

Zusammenfassung. Ökologische Restorartionsprojekte werden 
weitläufig genutzt als ein Mittelwert, um die Degradation und den 
Schaden an einem Ökosystem, verursacht durch eine Reihe von 
verschiedenen Ursachen rückzurechnen. Die Literatur zeigt, dass 
das Engagement der Öffentlichkeit in Restorartionsprojekte für 
langfristigen Erfolg wichtig ist. Daher ist es wichtig zu verstehen, 
wer an den Förderungen für diese Projekte teilnimmt und warum. 
Hier untersuchen Forscher, welche Aspekte von individuellem 
Umweltverständnis, Umweltidentität, Demografie, Blickwinkel auf 
und Engagement in ihrer Kommune und gegenwärtige bürgerli-
che Förderung die Willigkeit zum Engagement in Restorations-
förderaktivitäten vorhersagen können. Dieses Projekt findet im 
Kontext eines fortlaufenden maritimen Restorationsexperiments 
zur Bepflanzung in der Jamaica Bay Region von New York City, 
New York, U.S. statt. Die Autoren dieser Studie entwickelten einen 
Fragekatalog mit Skalen in oben erwähnter Metrik. Die Forscher 
fanden heraus, dass Individuen, die sehr willig waren, sich in 
ökologischen Restorartionsprojekten zu engagieren, einen hohen 
Sinn für personelle Handlungen haben (d. h. ihre Aktionen kön-
nen Einfluss haben), einen Wert darin sehen für ihre Kommune 
einen Förderbetrag zu leisten, älter waren und sehr wohl gebildet 
waren in Umweltangelegenheiten. Zusätzlich war der Wunsch, die 
lokale Biodiversität zu erhalten, nicht korreliert mit dem Engage-
ment in ökologischen Restorartionsprojekten, wobei ein Wunsch 
zu helfen und die Verbesserung der lokalen Kommmune positiv 
korreliert waren. Diese Ergebnisse führen zu einem Bedarf, wie 
Wissenschaftler und Praktiker zukünftige Restorartionsprojekte 
angehen und diskutieren, um eine Unterstützung für diese Arten 
von Programmen zu erhalten.

Resumen. Los proyectos de restauración ambiental son am-
pliamente utilizados como un medio para revertir la degradación 
y el daño causado a un ecosistema por una variedad de diferentes 
perturbaciones. La literatura muestra que involucrar al público en 
proyectos de restauración es importante para el éxito a largo plazo; 
por lo tanto, es importante entender quién participa en la admin-
istración de estos proyectos y por qué. Aquí, los investigadores 
investigan qué aspectos del conocimiento ambiental, la identidad 
ambiental, la demografía, los puntos de vista y el compromiso de los 
individuos en su comunidad, y la administración cívica actual po-
drían predecir la voluntad de participar en actividades de restaura-
ción. Este proyecto se lleva a cabo en el contexto de un experimento 
de plantación de restauración marítima en curso en la región de la 
Bahía de Jamaica de la Ciudad de Nueva York, Nueva York, EE. UU. 
Los autores del estudio desarrollaron un cuestionario con las esca-
las de las métricas señaladas. Los investigadores descubrieron que 
las personas que estaban más dispuestas a participar en la adminis-
tración de la restauración ambiental tenían un alto sentido de agen-
cia personal (es decir, sus acciones pueden tener impacto), vieron 
valor en sus contribuciones para su comunidad, que eran mayores 
y tenían mucho conocimiento sobre temas ambientales. Además, el 
deseo de preservar la biodiversidad local no se correlacionó con la 
participación en los programas de restauración ambiental, mientras 
que el deseo de ayudar y mejorar a la comunidad local se relacionó 
positivamente. Estos resultados sugieren la necesidad de replantear 
la forma en que los científicos y profesionales abordan y discuten 
proyectos de restauración futuros con miembros de la comunidad 
para obtener apoyo para este tipo de programas.
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APPENDIX. A list showing the complete survey items and divided into the 
sections of the survey highlighted in the paper. Survey items in italics were 
not used for analysis in this manuscript, but were used to provide insight to 
the community and the restoration program itself. 

SURVEY SECTIONS SURVEY QUESTIONS QUESTION TYPE NOTES

Views of community Do you know of any local community Open-ended Questions were used to identify 
 groups in the neighborhood where you  other community groups to 
 live? (These could be nonprofit, religious,  recruit to this project and establish 
 athletic, environmental, educational etc.  community identity from 
 groups that are active in your neighborhood) participants.
    
 If Yes, Do you participate in any of these  
 local groups?
  
 Q47 Do you feel that the people in  Binary (Y/N) 
 your neighborhood feel community with open-ended 
 is important (or where you live is follow-up 
 community driven)?   
   
 Please Explain:  
 Q54.4 I feel hopeful about the future Likert (Strongly Disagree– 
 of this community Strongly Agree)
   
 Q54.2 I can trust the people living in Likert (Strongly Disagree– 
 this community. Strongly Agree)  
 
 Q54.3 It is very important to me to be Likert (Strongly Disagree– 
 a part of this community. Strongly Agree) 

Views of local  Do you think your local park/greenspace  Binary (Y/N) with Questions were used to establish 
greenspaces is a good place to spend time? open-ended follow-up community member views of  
   parks restoration plots were
   established in. 
 Why or why not?   
  
 How would you rate the quality of  Likert (Very Poor– 
 parks in your area? Very Good) 
 
 Please rank which features you would Ranking of features 
 like to see in your local park(s)? (With  
 most preferred at the top [1] and least  
 at the bottom [10])  
 
 Q49 Would you be willing to contribute  Binary (Y/N) 
 to a park upkeep fund?    
 
Views and perceptions  Do you know what a native plant is? Open-ended Questions in italics were used
of native plants   to establish ideas for signage 
 Can you define what a native plant is? Open-ended and next steps for the restoration 
   project. 
 Which of these plants do you find  Sorting to three 
 desirable? (Choose any and all that categories (Undesirable,
 apply) Neutral, Pretty) 
 
 For the plants that you chose, why did Open-ended   
 you choose them? What did you like  
 about them? (Please list at least three
 features you liked) 
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SURVEY SECTIONS SURVEY QUESTIONS QUESTION TYPE NOTES
 What (if anything) did you dislike  Open-ended 
 about the plants shown?  

 Q48 Would you consider planting  Multiple choice (Yes, No, 
 any of these in your own yard? Maybe, Cannot) 

 Q59.9 Native plants provide important  Likert (Strongly Disagree– 
 services that benefit me. Strongly Agree) 

 Q59.3 Native plants and animals serve  Likert (Strongly Disagree– 
 an important role in Jamaica Bay. Strongly Agree)

 Q59.4 Certain types of plants can  Likert (Strongly Disagree– 
 help reduce damage to my property  Strongly Agree) 
 from storms (hurricanes, flooding, etc.). 

 Q59.5 Research on the role of native  Likert (Strongly Disagree– 
 plants in my community is important. Strongly Agree)

Environmental identity  Do you enjoy the outdoors? Binary (Y/N) Environmental identity
and knowledge   metrics were composed of 
 What is your preferred environment  Multiple choice (Urban, previously published items 
 to live in? Suburban, Small Town, assessing individual's views 
  Rural) on the environment and their 
   behavior towards the environment  
 If you notice trash/litter on the ground Likert (Strongly Disagree– in multiple areas (direct action,
 when you are outside in your community,  Strongly Agree) economic behavior, political
 how likely are you to pick it up and  action, etc.)
 dispose of it in appropriate bin?   
   
 What factors do you take into account  Choose all that apply 
 when you are deciding whether or not  
 to buy something (e.g., food, household  
 products, clothes, etc.)?  
   
 Q59.2 Preserving local biodiversity is  Likert (Strongly Disagree– 
 important to me. Strongly Agree) 

 Q59.6 I would support policies to  Likert (Strongly Disagree– 
 improve the Jamaica Bay ecosystem. Strongly Agree) 

 I would be willing to pay up to $25  Likert (Strongly Disagree– 
 yearly to improve the Jamaica Bay Strongly Agree)
 ecosystem.  

 Q43.1 I consider myself an  Likert (Strongly Disagree– 
 environmentalist. Strongly Agree)
   
 Q43.2 I believe I can have an impact  Likert (Strongly Disagree– 
 in solving environmental issues. Strongly Agree) 

 Q43.5 I am confused about what is  Likert (Strongly Disagree– 
 good and what is bad for the  Strongly Agree) 
 environment.  

 I think climate change is caused by  Likert (Strongly Disagree– 
 human actions/choices. Strongly Agree)
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SURVEY SECTIONS SURVEY QUESTIONS QUESTION TYPE NOTES
 Q43.3 I think climate change will  Likert (Strongly Disagree– 
 cause harm to people living in the  Strongly Agree) 
 Jamaica Bay in the future.  

 Q43.4 Global climate change is a  Likert (Strongly Disagree– 
 very serious problem. Strongly Agree) 

Stewardship Rank interest in participating in the  Likert (Strongly Disagree– In these questions,  
 following events: Strongly Agree) for each researchers talk about
 - Participating in a cleanup event. [Q56.1]  stewardship and defined 
 - Collecting information (data) about   stewardship for partici- 
    plants to send to scientists. [Q57.2]  pants. Here stewardship is
 - Taking care of a community garden   defined as members of  
    (e.g., weeding, watering, tending the    the public who conserve,
    plants).[Q56.4]   manage, monitor, educate
   about, or advocate for the
 Rank how often you would be willing  Likert (Strongly Disagree– local environment includ- 
 to participate in the following events: Strongly Agree) for each ing land, air, water, waste, 
 - Participating in a cleanup event. [Q57.1]   and toxins.
 - Collecting information (data) about  
    plants to send to scientists. [Q56.2]  
 - Taking care of a community garden  
   (e.g., weeding, watering, tending the  
   plants). [Q57.3]  

 Engaging in local stewardship (as  Likert (Strongly Disagree– 
 defined) of my community. . . Strongly Agree) for each
 - is an opportunity to earn money.  bullet point 
   [Q58.10]  
 - allows me to learn new things  
   and skills. [Q58.2]
 - gives me a chance to be outdoors [Q58.4]
 - allows me to connect to my community.  
   [Q58.5]
 - makes me feel good about myself. [Q58.7]
 - protects natural places from disappear-
   ing. [Q58.1]  

Demographics Q4 What is the highest level of educa- Multiple choice Basic demographic 
 tion you have completed?   information in line with 
   the U.S. census items.
 Q25 What race/ethnicity do you  Multiple choice 
 identify with?  

 Q1 What year were you born? Open-ended 

 Q2 Which gender do you identify with? Multiple choice 

 What is your annual household income? Multiple choice 
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Abstract. The Forest Health Ambassador Program, a joint public-private initiative in Oakville, Ontario, Canada, recruits vol-
unteers from the community to assess municipal street trees for health issues and signs of invasive insects. In partnership with 
municipal employees, staff from BioForest, a private consultant, trains volunteers to inspect trees for a suite of structural and 
foliar conditions, as well as for signs and symptoms of infestation by emerald ash borer, gypsy moth, and Asian longhorned beetle. 
Since 2014, 4,871 street trees have been assessed by a growing base of volunteers. The program effectively increases the number 
of participants involved in the early detection of invasive pests, beyond what government resources typically allow. Thus, the 
program entails a low-cost investment that provides multiple ancillary benefits and channels community efforts into a cohesive 
product. The results provide data with direct implications for municipal forestry operations and help identify trends in urban 
forest health over time. For example, detections of relatively high numbers of gypsy moth egg masses were reported by volun-
teers, allowing the municipality to take remedial action and mitigate damage. A variety of media are used to advertise the pro-
gram, including community newspapers and social media, as well as communications in local schools and at community events. 
The program is well-suited to high school students, who are able to complete curriculum-mandated volunteer hours through 
the program, while simultaneously gaining environmental knowledge. The program allows for the proliferation of awareness 
and education pertaining to municipal urban forest issues, particularly those related to invasive species and urban tree health.
 Key Words. Canada; Citizen Science; Community Engagement; Environmental Awareness; Invasive Species; Monitoring; Ontario; 
Urban Trees.

Citizen science volunteer programs engage in-
dividuals with a personal appreciation for urban 
forests, while harnessing individual data col-
lection efforts into cohesive research initiatives 
that can support urban forest conservation and 
management (Cooper et al. 2007; McKinley et 
al. 2017). Effective citizen science programs can 
have many positive results, including useful, 
high-quality data that may be used for manage-
ment purposes (Roman et al. 2017), public shar-
ing of scientific knowledge (Bonney et al. 2009), 
empowerment of practitioners and other social 
benefits (Westphal 2003), and improvements to 
the urban environment (Jack-Scott et al. 2013). 
Municipalities can use a citizen science program 
as an affordable way of gathering data on their 
urban forests while simultaneously expanding 
the public’s knowledge of urban forest issues.

Citizen science programs can provide valu-
able resources in the face of municipal budget-
ary restrictions. Municipal forestry budgets 
may be incapable of addressing all urban forest  
management issues, and the added financial 
burdens imposed by invasive species, such 
as emerald ash borer (Agrilus planipennis), 
can amount to a crisis for municipalities. In 
instances when municipal government spend-
ing on urban forest management is constrained, 
the use of citizen science volunteers can expand 
capabilities for urban forest health monitor-
ing with comparatively minor financial costs. 

This paper presents a historic case study of 
one municipality’s use of citizen science in a vol-
unteer program to increase public awareness of 
urban forest health issues and to gather data on 
tree health and invasive insect activity from 2014 
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Figure 1. Oakville, Ontario, Canada, and surrounding area.

to 2017. The Forest Health Ambassador Program 
is a collaboration between the Town of Oakville, 
Ontario, Canada, and BioForest, a private for-
est health and pest management company based 
in Ontario. Oakville has a comprehensive urban 
forest management program, and local residents 
are generally invested in the urban forest and are 
supportive of management activities. Oakville 
was an early adopter of the UFORE (now i-Tree 
Eco) forestry benefits software, having com-
pleted its first study in 2005, and it was the first 
municipality to resurvey its UFORE plots, using 
i-Tree Eco, in 2015. Like many urban areas in 
eastern North America, Oakville is infested by 

emerald ash borer (Agrilus planipennis) and expe-
riences fluctuating populations of the resident 
European gypsy moth (Lymantria dispar dispar). 
Oakville is also a neighbor of the City of Mis-
sissauga, which is the location of the only area 
in Canada that is currently under quarantine 
due to Asian longhorned beetle (Anoplophora 
glabripennis), a highly invasive insect most 
recently detected in 2013 (CFIA 2013) (Figure 1). 

In response to these threats, Oakville initiated 
a comprehensive urban forest health monitor-
ing program and strengthened existing forest 
management strategies. In 2014, the Town con-
tracted BioForest to develop and implement the 
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Table 1. Stem and crown condition attributes in Forest 
Health Ambassador Program Assessment Protocol.

Stem condition (presence/absence) Crown condition (ranked 1–5)
Broken main stem Canopy decline
Wound Defoliation
Woodpecker holes Discoloration
Cracks Dead branches present

monitoring program. To inform program devel-
opment, BioForest and Oakville held a workshop 
with regional stakeholders and other land man-
agers aimed at gathering information on active 
urban forest health monitoring programs. One 
outcome of this workshop was Oakville’s deci-
sion to develop a volunteer program as part of 
its urban forest health monitoring program.

PROGRAM DEVELOPMENT
The Forest Health Ambassador Program was 
designed to achieve three primary goals: in-
crease the capacity for early detection of in-
vasive species, track forest health trends over 
time, and foster public awareness of invasive 
species and urban forest health. The program 
was focused on street trees, a portion of the  
urban forest not covered by the other two com-
ponents of the urban forest health monitor-
ing program, which monitor wooded areas.

BioForest bridged a gap between the community 
and the municipal forestry department. BioForest 
staff trained volunteers, produced survey materi-
als, and acted as the primary point of contact for 
volunteers. The local forestry department’s use 
of a consultant for the volunteer program made 
hiring a full-time municipal staff person unneces-
sary and required a smaller financial investment. 

In order to build a network of volunteers from 
scratch, Oakville employed a variety of advertising 
and outreach strategies. Initially, advertising was 
conducted primarily through the Oakville Canopy 
Club, a Town of Oakville initiative aimed at edu-
cating the public about emerald ash borer and the 
threat it posed to Oakville’s urban forest. Informa-
tion was distributed through the Canopy Club’s 
social media accounts and at community events. 
In the latter case, BioForest and Town of Oakville 
staff handed out flyers and conducted in-person 
outreach at Arbor Day celebrations, public “open 
house” events, community tree-planting events, 
and local environmental fairs. Oakville also used 
the results of a telephone survey to compile a list 
of residents interested in participating in the pro-
gram. Advertisements for volunteer opportuni-
ties were posted in the local newspaper and on 
community center message boards. BioForest and 
Oakville staff also delivered leaflets to local high 
schools for display in guidance counselors’ offices.

BioForest and Oakville staff developed the 
Forest Health Ambassador Program protocol, 
which focused only on street trees located in the 
municipal right-of-way. The protocol was designed 
to strike a balance between gathering operation-
ally useful data and ensuring that expectations 
of the volunteers were reasonable. The develop-
ment of a standardized protocol ensured that 
the data generated by the surveys were con-
sistent and useful for management purposes. 

The protocol required volunteers to measure 
tree diameter at breast height (DBH) and to assess 
trees for conditions that represent a tree’s general 
state of health (Table 1). Volunteers assessed stem 
and crown condition and recorded the presence 
or absence of a dead top. Crown conditions were 
ranked based on severity—from 1, which indi-
cates 0%–5% damage, to 5, which indicates >75% 
damage. Volunteers also assessed each tree for 
the presence of any sign or symptom of emerald 
ash borer, European gypsy moth, and Asian long-
horned beetle. If volunteers suspected that they 
observed evidence of any of these insects, they 
recorded the signs or symptoms. Given the impli-
cations invasive insect pests have for the manage-
ment of Oakville’s urban forest, it was considered 
crucial that volunteers be able to report on signs 
and symptoms of insect infestation. While Oakville 
currently funds regular monitoring activities 
focused on these three major invasive pests, the 
volunteer surveys further enhanced early detection 
capability by reporting on areas that were largely 
excluded from formal annual monitoring surveys. 

PROGRAM IMPLEMENTATION
The town’s annual data collection period ran 
from early June to the end of August. BioFor-
est delivered mandatory training sessions in 
early June. Each session lasted two hours and 
included an indoor presentation on the proto-
col, followed by an outdoor exercise in which 
volunteers practiced the protocol on live trees. 
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The outdoor component also included a visit to 
a nearby park where the Canadian Food Inspec-
tion Agency has simulated the signs of Asian 
longhorned beetle activity on live maple trees, 
for educational purposes. Each volunteer re-
ceived a package containing paper maps and data 
sheets, writing instruments, a measuring tape, 
and a reference booklet containing visual exam-
ples of stem and crown conditions and invasive 
insects. Volunteers were assigned a survey area 
near their place of residence in Oakville measur-
ing 0.25 km2. This area was further subdivided 
into a grid of 25 cells, with a map provided for 
each 10,000 m2 grid cell. Each of these grid cell 
maps was populated with Oakville’s tree inven-
tory data and used high-quality aerial imagery, 
resulting in clear, accessible maps for volunteers 
to reference. Data sheets were prefilled with tree 
species and address information correspond-
ing to the tree inventory data points on the grid 
cell maps. Volunteers submitted their complet-
ed data sheets either by dropping them off at 
Oakville’s municipal forestry offices or by scan-
ning and emailing their forms to BioForest staff. 

Roman et al. (2017) recommend that citizen 
science programs include the use of data quality 
checking procedures to ensure high quality results, 
and the design of the Forest Health Ambassador 
Program was aligned with this approach. Because 
Oakville used data collected by volunteers to sup-
port management objectives, data quality and 
accuracy were integral to the goals of the program. 
During the data collection period, volunteers were 
encouraged to submit questions and concerns to 
BioForest staff, who replied within 24 hours, and 
to meet with the volunteer, if necessary, to pro-
vide additional guidance. After submitting data, 
each volunteer was subject to an audit by Bio-
Forest staff in order to verify that the submitted 
data were accurate and complete. In the case of 
experienced volunteers, BioForest staff conducted 
visual inspections on a minimum of three trees 
and verified all invasive insect reports. If a vol-
unteer was new to the program, BioForest staff 
audited one full map grid cell, in order to ensure 
that the protocols were well understood. If a vol-
unteer’s data appeared to be highly inaccurate, 
BioForest staff met with the volunteer to provide 
additional training and to correct any issues. 

Volunteers contacted BioForest staff while 
performing surveys if they observed a condi-
tion of concern, such as a potentially hazard-
ous tree. BioForest staff conducted a follow-up 
inspection and referred the tree to Oakville 
forestry staff, if necessary. BioForest staff 
immediately performed a follow-up inspec-
tion of any tree suspected of being infested 
by Asian longhorned beetle, due to the seri-
ous repercussions of an infestation of that pest. 

In addition to providing high quality volunteer 
data, the program’s long-term viability was con-
tingent on volunteers enjoying their experience. 
Simple expressions of thanks and appreciation 
are considered effective components of volunteer 
management that make volunteers’ experiences 
more meaningful and may help retain volunteers 
(Wolcott et al. 2008; York 2017). The Forest Health 
Ambassador Program highlighted volunteers’ 
accomplishments by holding a volunteer apprecia-
tion night after the data collection season ends. The 
Town of Oakville hosted the appreciation night, 
which included a presentation of the trends in the 
volunteers’ data and examples of direct manage-
ment actions taken by Oakville staff as a result of 
the program. In 2016 and 2017, the appreciation 
night event included a tree planting to commemo-
rate the volunteers’ contribution to urban forest 
health. The 2017 appreciation night also included 
a tree identification exercise, a topic in which 
volunteers had previously expressed interest. 

PROGRAM GROWTH AND  
EVOLUTION

From 2014 to 2017, there was an increase in par-
ticipation and in the number of annual data submis-
sions (Table 2). Increases in participation aligned 
with diversification of advertising methods and 
dedicated efforts to recruit high school students. 
The number of actual annual participants was 
greater than the number tallied from submitted 
data forms, as some volunteers participated in small 
groups, for example, with family members or fel-
low volunteers. As of 2017, volunteers had assessed 
a total of 4,871 street trees in Oakville, equivalent 
to about 5% of the Town’s street tree population.

The data submitted by volunteers have benefit-
ted municipal operations in Oakville. For exam-
ple, in 2015 and 2017, volunteers reported high 
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Table 2. Summary of Forest Health Ambassador Program Participation, 2014–2017.

 2014 2015 2016 2017
Number of volunteers trained 28 28 36 50

Number of data submissions 11 22 27 28

Number of trees surveyed 545 972 1829 1525

Number of streets surveyed 40 62 61 95

Average number of trees  50 44 68 54  
surveyed/data submission 

levels of European gypsy moth activity in neigh-
borhoods that had not been included in the Town’s 
formal annual gypsy moth monitoring surveys. 
As a result of these reports, the newly detected 
pockets of gypsy moth activity were added to the 
annual monitoring surveys, and selective treat-
ments were applied to high-value trees that may 
otherwise have gone untreated. Each year, vol-
unteers also reported potentially hazardous trees 
that may have posed a risk to public safety. These 
reports led to immediate corrective action by 
municipal forestry crews, who were able to miti-
gate the risks by pruning or removing the trees.

Program organizers used volunteer feedback 
to gauge the strengths of the program and iden-
tify areas that require improvement. At each vol-
unteer appreciation night, volunteers were given 
a brief questionnaire so that organizers can cap-
ture feedback on how they may improve volun-
teers’ experience of the program. Each year, 100% 
of the volunteers who provided feedback indi-
cated that they enjoyed the experience. Volunteers 
also consistently cited their gain of environmen-
tal knowledge as one of the program’s strengths. 

Through this feedback process, some lessons were 
learned that were incorporated into later efforts to 
improve the experiences of the volunteers. For exam-
ple, in 2015, the protocol was modified to include 
two assessments per tree, in order to capture any 
seasonal variability of insects or diseases. Feedback 
gathered from volunteers indicated that while they 
understood the reason for the dual assessments, they 
preferred to survey each tree once, in order to survey 
more trees each year. The protocol was subsequently 
modified to reinstate single tree assessments. Other 
improvements made to the program include rede-
signing data sheets to be more user friendly and 
extending the length of the data collection period.  

MOVING FORWARD
The Forest Health Ambassador Program continued 
in 2018 with a similar level of participation to the 
numbers seen in 2017. A total of 47 volunteers at-
tended training in 2018, 32 of whom had submit-
ted data by late August. The survey season was also 
shortened by approximately two weeks, due to the 
staff resources required for the coordination and 
execution of an aerial spray program for the control 
of gypsy moth in the Town of Oakville. In 2018, the 
program coordinators added to the training manu-
al a simple, illustrated identification guide to com-
mon street tree species. The protocol remained the 
same in 2018, and the program coordinators made 
no major changes to the structure of the program.

It has become clear that youth represent a vital 
component of the past and future demographics 
of the Forest Health Ambassador Program. The 
number of high school students has increased 
from 2014 to 2017 and remained high in 2018. 
The ongoing enrollment of these students is key 
to growing the program in future years. Under 
the Ontario provincial education curriculum, high 
school students are required to complete a total of 
at least 40 hours of volunteer work before gradu-
ation (Ontario Ministry of Education 2016). The 
Forest Health Ambassador Program is well posi-
tioned as a means for students to fulfill this require-
ment, while transferring environmental knowledge 
and promoting outdoor physical activity. Con-
necting with the educational sector and reaching 
a young audience may also have the added benefit 
of contributing momentum to general advocacy on 
behalf of urban forest conservation in the future.

In order to increase volunteer recruitment, 
future advertising must focus on making better 
use of social media. While these have been used 
to some extent, many participants have indicated 
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that their awareness of the program came from 
local print and online advertisements and by 
word of mouth. Direct, long-term connections 
with high schools should also be made in order 
to further promote the program among high 
school students. These connections may be 
made through school boards and high school 
environmental clubs, where there may be an 
opportunity to communicate volunteer oppor-
tunities directly to students. Private enterprise, 
through employee engagement activities and cor-
porate donations, may also represent a demo-
graphic with greater involvement in the future.

CONCLUSIONS 
The Forest Health Ambassador Program was joint-
ly developed by municipal staff from the Town of 
Oakville and staff from the private forest health 
and pest management company, BioForest. The 
program is a core component of a comprehen-
sive forest health monitoring program. The For-
est Health Ambassador Program demonstrates 
how a nominal investment by a municipality  
can extend early detection capability beyond 
monitoring programs staffed with profession-
als. For some municipalities with extreme budget 
constraints, such an investment may mean the 
difference between having some degree of ac-
tive early detection capability and having none.

Trained volunteers themselves become sources 
of knowledge in the community. By receiving train-
ing each year, volunteers increase their awareness 
of urban forest health issues, learning to look for 
and identify problems or concerns. Volunteers 
carry cards identifying themselves as “Forest Health 
Ambassadors,” which they are free to distribute to 
any other residents who approach them with ques-
tions about their activities. Thus, the volunteers 
spread additional awareness about the importance 
of urban forest health issues and opportunities for 
residents to become involved. Effectively, volunteers 
are acting as supplementary sources of communica-
tion to the public regarding municipal urban forest 
management and are helping to reinforce a positive 
image of it. This sort of activity by citizen science 
volunteers has been found to promote advocacy 
for urban forest and environmental issues, and 
also contributes to a better community in a general 
sense (Bloniarz and Ryan 1996; Johnson et al. 2014).

The program’s development over five years 
points to an appetite among the public to learn 
about urban forest health issues and to partici-
pate in urban forest stewardship activities. The 
program’s growth also suggests that the potential 
exists to further increase awareness among the 
general public about urban forest health and inva-
sive species using a variety of tactics. Some of the 
program’s achievements are due to the growing 
number of high school students who have joined 
the program, in part, to complete curriculum- 
mandated volunteer hours. Raising interest in urban 
forest issues among youth is a priority issue for 
the future conservation of urban forests. By enlist-
ing members of the community for early invasive 
species detection and tree health data collection, 
the Forest Health Ambassador Program generates 
pertinent data that are useful for municipal opera-
tions and helps cultivate an awareness of urban 
forest health issues among Oakville’s residents.

The Forest Health Ambassador Program consti-
tutes a framework that was designed specifically 
for the Town of Oakville, in collaboration with 
municipal staff. However, the specifics of the pro-
gram are not rigidly defined; rather, the program 
could be adapted to suit the needs of many urban 
areas, with different population sizes, species com-
positions, and climatic influences. In Oakville, 
volunteers were invited to suggest new areas of 
interest that may be addressed by the program, so 
that it can adapt and remain relevant to residents. 
As the risk of introducing new invasive species 
through international trade remains high, the 
program is designed with the flexibility required 
to keep pace with these finds and to educate resi-
dents on how to look for the signs and symptoms 
of newly introduced pests. The focus on municipal 
street trees, while at the core of the program as 
it is used in Oakville, is not necessarily a barrier 
to focusing on other aspects of forest health in 
other municipalities. While some municipalities 
are concerned with invasive insects that target 
trees, others may be more focused on addressing 
problems with invasive plants in natural areas. 
Using the approach outlined in this paper, vol-
unteer resources may be harnessed to address 
problems associated with invasive plants as well.
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Résumé. Le Programme des bénévoles pour la santé des forêts, 
une initiative de partenariat public-privé à Oakville, Ontario, 
Canada, recrute des volontaires de la communauté afin d'évaluer 
les arbres d'alignement municipaux pour des considérations de 
santé et détecter les signes de la présence d'insectes envahissants. 
En partenariat avec des employés municipaux, le personnel de Bio-
Forest, un consultant privé, forme des bénévoles pour l'observation 
de diverses conditions de structure et de feuillage des arbres ainsi 
que pour la détection de signes et de symptômes d'infestation par 
l'agrile du frêne, la spongieuse et le longicorne asiatique. Depuis 
2014, 4 871 arbres ont ainsi été évalués gràce à un nombre crois-
sant de bénévoles. Le programme augmente efficacement le nom-
bre d'individus impliqués dans le dépistage précoce de ravageurs 
envahissants, bien au delà de ce que permettraient les ressources 
gouvernementales. Il en découle que ce programme se distingue par 
un investissement peu onéreux rapportant de nombreux avantages 
accessoires et  canalisant les efforts de la communauté en un tout 
cohésif. Les résultats procurent des données ayant des implications 
immédiates pour les opérations de foresterie urbaine tout en aid-
ant à identifier les préoccupations futures de la santé des arbres. 
Par exemple, le signalement d'une quantité relativement élevée de 
masses d'oeufs de spongieuses par les bénévoles, permet à la mu-
nicipalité de prendre des mesures de redressement et d'atténuer les 
dommages. Une diversité de médias sont mis à contribution afin 
d'annoncer le programme, incluant les hebdos de quartier et les 
médias sociaux ainsi que sa publicisation dans les écoles locales et 
lors d'événements communautaires. Le programme est bien adapté 
pour les étudiants de niveau secondaire ou lycée qui peuvent alors 
compléter un programme imposé d'heures de bénévolat tout en 
acquérant simultanément des connaissances environnementales. 
Le programme favorise l'émergence d'une préoccupation pour les 
questions relatives aux forêts urbaines municipales, particulièment 
en ce qui a trait aux espèces envahissantes et à la santé des arbres 
en milieu urbain.

Zusammenfassung. Das Freiwilligen-Programm zur Erhal-
tung der Wälder, eine gemeinsame öffentlich-private Initiative aus 
Oakville, Ontario, Kanada, rekrutiert Freiwillige aus der Gemeinde, 
um öffentliche Bäume bzgl. Ihrer Gesundheit und Anzeichen von 
invasiven Insekten zu untersuchen. In Partnerschaft mit kom-
munalen Angestellten, trainieren die Mitarbeiter von Bioforest, 
einem privaten Gutachterbetrieb, die Freiwilligen in der Unter-
suchung von Bäumen bzgl. Baumstruktur und Blattkonditionen, 
sowie auf Anzeichen und Symptomen einer Infektion durch den 
Asiatischen Eschenprachtkäfer, Schwammspinner und Asiatischen 
Langhornkäfer. Seit 2014 wurden 4.871 Strassenbäume durch eine 
wachsende Basis von Freiwilligen untersucht. Das Programm er-
höht weit über den Etat, den die öffentlichen Resourcen typischer-
weise erlauben, effektiv die Anzahl der Teilnehmer, die in die frühe 
Detektion von Schadinsekten involviert sind. Das Programm stützt 
sich auf eine Investition mit niedrigen Kosten mit der Folge, dass 
multiple zusätzliche Vorteile entstehen und die kommunalen Be-

mühungen in einem zusammenhängenden Produkt münden. Die 
Resultate liefern Daten mit direkten Implikationen für kommunale 
Forstoperationen und helfen auch Trends in der urbanen Waldge-
sundheit über die Zeit zu identifizieren. Zum Beispiel wurde von 
relativ hohem Aufkommen von Schwammspinner-eigelegen durch 
Freiwillige berichtet, was der Kommune in Anschluss erlaubte, Ge-
genmaßnahmen zu ergreifen und den Schaden zu entschärfen. Eine 
Reihe von Medien wurde zur Werbung für das Programm genutzt, 
einschließlich kommunale Zeitungen und social media, ebenso wie 
die Kommunikation in lokalen Schulen und bei kommunalen Ve-
ranstaltungen. Das Programm ist zugeschnitten für Hochschulstu-
denten, die in der Lage sind, ein im Curriculum vorgeschriebenes 
Maß an Stunden abzuleisten und dabei simultan ökologisches 
Fachwissen zu erwerben. Das Programm gestattet besonders in 
Bezug auf invasive Arten und Baumgesundheit eine Vermehrung 
von Bewusstsein und Erziehung in Verbindung mit kommunalen 
Forstthemen.

Resumen. El Programa de Voluntarios de Sanidad Forestal, una 
iniciativa conjunta público-privada en Oakville, Ontario, Canadá, 
recluta voluntarios de la comunidad para evaluar los árboles de las 
calles municipales con el fin de detectar problemas de salud y sig-
nos de insectos invasivos. En colaboración con los empleados mu-
nicipales, el personal de BioForest, un consultor privado, capacita 
a voluntarios para inspeccionar los árboles para un conjunto de 
condiciones estructurales y foliares, así como para detectar signos 
y síntomas de infestación por el barrenador esmeralda del fresno, 
la mariposa gitana y el escarabajo asiático de cuernos largos. Desde 
2014, 4,871 árboles de la calle han sido evaluados por una creci-
ente base de voluntarios. El programa aumenta efectivamente el 
número de participantes involucrados en la detección temprana de 
plagas, más allá de lo que los recursos del gobierno generalmente 
permiten. Por lo tanto, el programa implica una inversión de bajo 
costo que proporciona múltiples beneficios y canaliza los esfuerzos 
de la comunidad en un producto cohesivo. Los resultados propor-
cionan datos con implicaciones directas para las operaciones fores-
tales municipales y ayudan a identificar tendencias en la salud de 
los bosques urbanos a lo largo del tiempo. Por ejemplo, los volun-
tarios informaron sobre la detección de un número relativamente 
alto de masas de huevos de polilla gitana, lo que permitió al mu-
nicipio tomar medidas correctivas y mitigar los daños. Se utiliza 
una variedad de medios para anunciar el programa, incluidos los 
periódicos comunitarios y las redes sociales, así como las comu-
nicaciones en las escuelas locales y en los eventos comunitarios. El 
programa es adecuado para estudiantes de secundaria, que pueden 
completar horas de voluntariado exigidas por el currículo a través 
del mismo, mientras que al mismo tiempo obtienen conocimientos 
ambientales. El programa permite la proliferación de la conciencia 
y la educación en relación con las cuestiones forestales urbanas mu-
nicipales, en particular las relacionadas con las especies invasoras y 
la salud de los árboles urbanos.
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Inspiring Resident Engagement: Identifying 
Street Tree Stewardship Participation Strategies 
in Environmental Justice Communities Using a 
Community-Based Social Marketing Approach
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Abstract. Tree-planting municipalities and organizations face multiple challenges to achieving thriving urban forests, 
among which is providing establishment-period care to young trees. In arid and semi-arid regions in particular, delivering 
water to trees is a resource- and time-intensive activity often not covered by funding specified for tree planting. This study 
sought to address the need for establishment-period care by producing a replicable approach to engaging residents in envi-
ronmental justice communities to actively care for young street trees planted in front of their homes. Using community-
based social marketing in the community of Huntington Park (Los Angeles County, California, U.S.), researchers investigated 
socioeconomic and cultural characteristics to barriers and motivators regarding tree stewardship (i.e., watering, mulch-
ing, and weeding) and developed an outreach program strategy accordingly. The program was pilot-tested and evaluated for 
effectiveness in changing behaviors. Active, in-person outreach (door-to-door engagement with residents using program 
materials and demonstrating tree care actions) was tested against passive outreach (program materials were left at the door-
step); both were compared to baseline conditions. Evaluation of soil moisture, tree health, and presence of mulch was con-
ducted over a six-week period after program outreach. Trees at homes in the active outreach group had significantly higher 
soil moisture, more mulch, and better observed health than trees at homes in the passive outreach group. Both groups had 
better outcomes as compared to pre-outreach baseline conditions. Results indicate that tree planting programs with lim-
ited resources for maintenance may find success in fostering tree stewardship among residents through active engagement.
 Key Words. Behavior Change; California; Community Forestry; Community-Based Social Marketing; Environmental Justice; 
Environmental Psychology; Los Angeles; Nonprofit Organization; Resident Engagement; Social Marketing; Stewardship; Watering.

Newly planted urban trees face multiple challenges,  
including restrictively small tree wells and risk of 
damage in high-traffic areas. Trees that reach ma-
turity also face threats from pests and diseases, 
such as polyphagous shot hole borer and Xylella 
fastidiosa, as well as ongoing challenges of fund-
ing adequate for maintenance and pruning cycles 
in cities like Los Angeles (City of Los Angeles 
2015; University of California Division of Agricul-
ture and Natural Resources 2017). In many cities, 
trees also lack protection in the face of redevelop-
ment trends, which favor larger homes and higher 
ratios of hardscape, all while tree canopy cover in-
equity persists between higher- and lower-income 
neighborhoods (Pincetl 2010; Lee et al. 2017). 

In arid and semi-arid regions like Southern 
California, U.S., tree planting program man-
agers must also contend with the question of 
how trees will be watered during the multi-
year establishment period. Watering is not the 
only tree maintenance activity required in the 
establishment period of young trees, but is a 
frequent action and a determining factor in the 
ultimate success or failure of a planting pro-
gram. While establishment is inconsistently 
defined and measured in the literature, for the 
purposes of this study researchers define an 
established tree as one that becomes fully con-
nected to the hydrologic cycle of the growing 
site and does not need further irrigation, except 
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in severe drought (Levinsson et al. 2017). In 
temporal terms, the City of Los Angeles refer-
ences a three-year watering period, while its 
permitting process has historically required a 
five-year watering commitment from home-
owners (Pincetl 2010; City of Los Angeles 2015). 

L imited  funding  i s  a  major  obstac le  to 
p r o v i d i n g  e s t a b l i s h m e nt  c a r e ;  d e l i v e r-
i ng  w ate r  to  t re e s  i s  t i me - i nte ns ive  and 
r e q u i r e s  s u f f i c i e n t  f u n d i n g  r e s o u r c e s 
( Ja c k - S c ot t  e t  a l .  2 0 1 3 ) .  B e c au s e  u r b an 
tree  plant ing locat ions  are  of ten scattered 
ove r  l arge  ge o g r aph i c  are a s  r at he r  t h an 
c on c e nt r at e d  i n  s m a l l e r  a re a s ,  t h e  t a s k 
of  water ing  c an  b e  log i s t i c a l ly  complex . 

Tree-planting municipalities and organiza-
tions operate with limited resources, calling 
for effective solutions for establishment-period 
tree care to be identified and adopted. In the 
absence of readily viable solutions for providing 
stewardship of young trees, engaging commu-
nity members emerges as a critically impor-
tant possibility, which encourages researchers 
to ask whether behavior change strategies 
can be used to involve residents in the care 
of trees so as to allow a larger proportion of 
resources to be allocated to tree planting. If 
behavior change strategies prove effective, 
tree-planting municipalities and organiza-
tions may have a choice other than paying for 
regular rounds of watering, which results in 
less funding available for new trees. Instead, 
municipalities may be able to engage in creat-
ing a social norm around tree watering and care 
among residents in the communities they serve. 

Social and stewardship factors, including a 
neighborhood’s sociability and signs of direct 
tree care actions, such as weeding, are predic-
tors of a young tree’s success or failure (Lu et 
al. 2010), and increased tree stewardship by 
residents is regarded as necessary to sustain 
potential benefits of tree planting programs 
(Moskell and Allred 2013). The role of tree 
care in establishment care of residential trees, 
too, is well understood (Roman et al. 2014). 
This study explored the viability of engaging 
residents in urban tree stewardship by inves-
tigating their perspectives, which tree care 
actions lie within the realm of reasonable 

expectation, and which strategies organiza-
tions and municipalities can use to support 
residential participation in tree care. The selec-
tion of Huntington Park, an under-resourced 
city in Los Angeles County, California, was 
deliberate so that viable strategies could 
be explored for increasing tree canopy and 
associated benefits in an area disproportion-
ately burdened by environmental inequities.

MATERIALS AND METHODS

Community-Based Social Marketing
A commonly used approach to fostering pro-
environmental behaviors is marketing cam-
paigns aimed at increasing awareness through 
media efforts, but a growing body of scientific 
research demonstrates that provision of infor-
mation rarely results in the adoption of such  
behaviors (McKenzie-Mohr 2011). Community- 
based social marketing (CBSM) has emerged 
as an effective alternative to traditional edu-
cation campaigns (Schultz and Tabanico 2008;  
McKenzie-Mohr 2011; McKenzie-Mohr et al. 
2011). CBSM is based on social science research 
that demonstrates behavior change can be ef-
fectively achieved through initiatives delivered 
at the community level and focused on remov-
ing barriers to an activity while simultaneously 
enhancing its benefits. CBSM brings together 
knowledge from the field of social market-
ing with a variety of behavior change “tools” 
drawn from social psychology, environmental  
psychology, and other behavioral sciences. 

CBSM has been used by nonprofit organi-
zations to create socially desirable behavior 
changes to support areas such as safe driv-
ing and healthy lifestyles, and by government 
agencies to increase compliance with environ-
mental laws, where it has been shown to be 
effective in increasing understanding and com-
pliance with such laws, and in improving cost- 
effectiveness of programs (Kennedy 2010). Dil-
ley and Wolf (2013) used CBSM to understand 
homeowner attitudes toward residential trees, 
but to date it has not been used to investigate 
residential participation in street tree stew-
ardship. CBSM involves five steps (Figure 1).
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The Pilot Community of Huntington 
Park, California 
Huntington Park is an incorporated commu-
nity located in southeast Los Angeles County, 
California. With a population of 58,114, this 3 
mi2 (7.77 km2) city has one of the highest pop-
ulation densities in the county, as well as one 
of the highest percentages of Latinos: 97.1% of 
residents identify as Latino, predominantly from 
Mexico, and many are recent immigrants (U.S. 
Census Bureau 2010; Los Angeles Times 2017a; 
Los Angeles Times 2017b). The median age is 24, 
young compared to the rest of the county (Los 
Angeles Times 2017c). Almost 60% of house-
holds have children under 18, and nearly 95% 
of residents speak Spanish, with more than half 
having difficulty with English (U.S. Census Bu-
reau 2010). About 60% of adults have not ob-
tained a high school diploma, and only one in 
20 adults has a four-year degree (SCAG 2015).

The median household income is USD $34,887, 
lower than the county’s median of $56,196 and 
the state’s median of $59,540 (U.S. Census Bureau 
2010). Nearly three-fourths of homes are renter-
occupied (U.S. Census Bureau 2010). Average 
household size is 3.9 people, which is high for 
the county, and over one-third of households have 
five or more occupants (SCAG 2015; Los Angeles 
Times 2017d). It is not uncommon to have up to 10 
people in a home, with multiple generations in a 
household; non-relatives may also live in the house-
hold (C. Basurto, personal communication). As in 
other parts of southeastern Los Angeles County, 
concerns over gentrification exist. Huntington 
Park has no rent control ordinance, and with rent 

and property costs rising throughout the county 
the prospect that low-income residents could be 
priced out of their neighborhoods looms large. 

With regard to the study topic, there exists 
within the community a general appreciation for 
plants, caring for land and community, and enjoy-
ing parks and public outdoor spaces, which are 
frequently used for a range of family and commu-
nity celebrations (C. Basurto, personal communi-
cation). Huntington Park is subject to a number 
of environmental inequities relative to other com-
munities in the region and state, and has a history 
of activism aimed at addressing environmental 
injustices, led by such groups as Communities for 
a Better Environment. Cal EnviroScreen, a tool 
developed by the Office of Environmental Health 
Hazard Assessment (OEHHA) on behalf of the 
California Environmental Protection Agency to 
help identify communities disproportionately bur-
dened by multiple sources of pollution and with 
population characteristics that make them more 
sensitive to pollution, classifies Huntington Park’s 
neighborhoods in the 81%–85% and 91%–95% 
groups for experiencing high levels of pollution 
and vulnerability (OEHHA 2017). Huntington 
Park is the site of several brownfields, a result of 
both heavy manufacturing in the community until 
the 1960s and a proximity to the industrial city of 
Vernon (U. S. Environmental Protection Agency 
2015). Huntington Park has an estimated 15% 
canopy cover, lower than the county’s overall num-
ber of 28% (TreePeople 2011). This is consistent 
with the inequitable distribution of tree canopy in 
the region, with research confirming that lower-
income communities of color, especially those 
in arid climates, experience disproportionately 
low levels of canopy cover (Schwarz et al. 2015). 

Health and environmental conditions made 
Huntington Park a compelling candidate for 
this study. Additionally, City staff was support-
ive, collaborative, and responsive. As community 
interest grew in the tree planting program, the 
City partnered with TreePeople, an urban for-
estry organization, to plant hundreds of street 
trees in residential areas and make space avail-
able in a Public Works Department yard for 
trees, mulch, stakes, and secure tool storage 
for TreePeople staff. Founded in Los Angeles 
in 1973, TreePeople helped launch a city-based 

Figure 1. Community-Based Social Marketing is an evidence-
based approach to fostering sustainable behavior that 
involves five steps. 
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voluntary urban forestry movement through its 
signature Citizen Forestry approach of equip-
ping communities to take on planting and 
caring for trees (Lipkis and Lipkis 1990; John-
ston 1996). TreePeople’s partnership with the 
City presented an opportunity to build on its 
history of shaping the urban forestry move-
ment by testing whether social norms around 
resident tree stewardship could be fostered. 

In the past decade, the City of Los Angeles has 
been the subject of urban forest efforts, research, 
and evaluation, particularly connected with the 
Million Trees Los Angeles initiative (McPher-
son et al. 2008; Pincetl 2010), but the City of 
Huntington Park and other neighboring cities lag 
behind. TreePeople’s work in Huntington Park 
began in 2010 with an opportunity to partner 
with the nonprofit organization Communities 
for a Better Environment to quickly bring about 
tangible improvements as they also worked on 
longer-term goals to improve air quality and 
public health. Communities for a Better Envi-
ronment invited TreePeople to use its Citizen 
Forester en Español program to teach commu-
nity members how to plan a neighborhood tree 
planting. Several volunteer planting events were 
subsequently held, with one of the first projects 
initiated over community concerns that the 
City was slated to pave empty tree wells due to 
an insufficient planting and tree care budget.

In 2014, TreePeople appointed a staff mem-
ber and Huntington Park resident to the role 
of Regional Manager for this community. She 
built an on-the-ground program, starting with 
five students and growing to 30 eager par-
ticipants in its first season. At summer’s end, 
some students noted that without their contin-
ued volunteering the trees would suffer in the 
lingering heat, which prompted them to meet 
regularly to care for the trees. The youth pro-
gram has since grown to more than 60 regular 
volunteers, with 30 trained and committed as 
TreePeople Volunteer Supervisors, and as many 
as 6 interns at one time. Most volunteers come 
from two local high schools, which have been 
instrumental in organizing numerous plantings 
since the program began. These efforts by the 
City of Huntington Park, Communities for a 
Better Environment, TreePeople, and dozens of 

regular volunteers point to a commitment for 
planting public spaces in the community. This 
commitment has resulted in nearly $1 million 
in funding and is poised to receive more, mak-
ing this study’s findings immediately appli-
cable to current and future planting efforts.

Research Methodology
TreePeople undertook the responsibility  
of directing the study’s multiple phases of 
research. Research phases included a lit-
erature review, focus groups, a survey, de-
velopment and implementation of a pilot pro-
gram, and evaluation of the pilot program.

Literature review
A literature review was conducted and its 
key findings informed subsequent research 
through focus groups and surveys. The review 
pointed to research gaps that warranted fur-
ther inquiry, such as more granular character-
ization of attitudes toward trees, perceptions 
of who should be responsible for trees, and 
perceived benefits and barriers to tree care 
within a predominantly Latino, environmental 
justice community like Huntington Park. The 
literature shows that, while trees are not seen 
as problem-free, public perception of trees is 
generally highly positive both among a volun-
teering public and a general public (Lohr et al. 
2004). Opinions toward trees are more positive 
for residents who have a tree planted in front 
of their property (Gorman 2004), and while 
urban residents may have varying willingness 
to donate or volunteer in support of urban tree 
programs, the notion that the government is 
ultimately responsible for public trees holds 
strong (Zhang et al. 2007). Volunteer motiva-
tion aligns with the desire to improve one’s 
neighborhood, and personal satisfaction is 
more strongly tied to tree care with existing 
volunteers and tree planting with potential vol-
unteers (Still and Gerhold 1997). Also relevant 
was the finding that intervention-focused pro-
grams designed to make environmental behav-
iors easier to engage were more effective than 
ones focused on consciousness raising and 
attitude change (Summit and Sommer 1998). 
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Focus groups
Informed by the literature review, two focus 
groups were conducted with the aim of uncov-
ering benefits and barriers to stewardship of 
trees—specifically young street trees in front 
of residential parcels. Two distinct groups were 
targeted: Group 1 was a “Tree Care Group,” in 
which people currently or had recently stew-
arded trees; Group 2 was a “Non-Tree Care 
Group,” in which people had not recently or 
were not currently conducting such steward-
ship, either at home or as part of volunteering 
or work. Holding separate focus groups allowed 
questions to be tailored for addressing moti-
vations versus barriers in meaningful ways to 
participants. Further, participants who did not  
perform tree care could speak freely and 
not feel social pressure from those who had. 

The number of attendees ranged from 8 to 
12, and focus groups were conducted largely 
in Spanish with semi-structured interview 
questions. Attendees were recruited by Tree-
People’s regional manager for this community, 
herself a resident of Huntington Park. Care 
was taken to include attendees representative 
of the greater community: a mix of working-
class men and women of varying ages, mostly 
of Latino descent. Most Group 1 attendees 
had a history of involvement with TreePeople, 
either as volunteers or educational workshop 
participants. Many attendees in Group 1 knew 
one another, whereas Group 2 attendees did 
not. The two focus groups were held at a com-
munity recreation center on two consecutive 
Thursday evenings in October 2015. Focus 
groups were facilitated by bilingual anthro-
pology students of California State University 
Northridge, an advanced graduate student in 
applied anthropology from California State 
University Long Beach, and TreePeople staff. 
Compensation to participants was offered 
in the form of $25 gift cards to local restau-
rants and markets. The themes discussed in 
each focus group are summarized in Table 1.

Surveys
Surveys informed by focus group findings 
were conducted door-to-door by youth vol-
unteers from the community and while under 

the supervision of TreePeople’s regional man-
ager. Homes on streets with young trees in the 
parkways were targeted, and pre-notification 
postcards were sent to alert residents that a 
survey team would be visiting on a specific 
date. The survey was crafted to identify bar-
riers to, and motivations for, caring for trees 
and assessed attitudes toward trees, barriers to 
caring for trees, yard infrastructure, current 
plant- and tree-care habits, and demograph-
ics. Attitudes toward trees were measured by a 
series of eight statements (e.g., Having a tree 
in every yard is good for my neighborhood). 
Barriers to caring for trees were assessed by 
a series of 10 statements (e.g., Carrying a 
20-L bucket of water would be difficult for 
me). For both sets of statements, respondents 
rated their level of agreement using a scale 
from 1 to 7 (where 1 means strongly disagree 
and 7 means strongly agree). Infrastructure 
and current plant- and tree-care behaviors 
were measured by asking if respondents had 
currently cared for plants or trees by mulch-
ing, watering, or weeding (each asked sepa-
rately), and if they had water hoses, the  
location of spigots, and the type of irrigation 
system in the yard. Lastly, respondents were 
asked about demographic classifications, 
such as age, educational attainment, number 
in household, home ownership, and income.

A total of 88 households participated in 
the  sur vey.  Respondents  who completed 
the survey were offered a $10 gift  card to 
a neighborhood store or restaurant.  Sur-
vey teams represented TreePeople; it is thus 
possible that responses were more favorable 
toward trees as a result.  Results are shown 
in Figure 2 (Attitudes Toward Trees),  Fig-
ure 3 (Infrastructure for Watering), Figure 
4 (Current Plant-Care Behaviors) ,  Figure 
5 (Barriers to Caring for a Tree), Figure 6 
(Benefits to Caring for a Tree), and Figure 7 
(Likelihood of Watering Their Tree). Addi-
tionally,  when asked if  they currently had 
plants they took care of, 77% of respondents 
stated that they did. Those who answered 
yes were then asked if they used mulch or 
compost ,  to  which 58.2% answered yes .



 de Guzman et al.: Residential Street Tree Stewardship Using Community-Based Social Marketing 

©2018 International Society of Arboriculture

296

Table 1. Focus group themes and outcomes.

Issue Tree care group (Group 1) Non-tree care group (Group 2)
Urban forests Urban forests seen as beneficial. Activity of tree care only mentioned by tree care group; both groups mentioned 
 planting trees. Benefits cited include shade, aesthetic value, climate change mitigation/adaptation, stormwater 
 capture, improving air quality, and providing oxygen.

Experience with trees Mentioned rural experiences in which tree care was common;  Mentioned recent tree planting community  
 mentioned community programs. programs.
  
Sufficiency of trees and Respondents do not believe there are enough trees in their area  Do not believe there are enough trees in their 
tree care or sufficient tree care. Do not think it is a priority of the city to area. It is  often too hot due to lack of shade, so  
 care for trees. people stay indoors. Do not believe the city takes  
  care of the trees well; youth vandalism of trees is
  a problem.

Positives about community Central location. Sociability of people in community Trees. Residents (calm, safe community).

Negatives about community Street and sidewalk condition. Stray dogs. Lack of  Not enough green spaces. Security cameras not 
 enforcement of city codes. Need for more trees  working. People do not clean up after pets.
 and food gardens 

Perceived benefits to more trees Improved air quality. More shade. Increased aesthetic and  Improved air quality. More park space.
 property value. Education of children and residents about  Enhanced parks.
 tree care. Education of children and residents about  
 gardening and healthy eating (for fruit trees). Increase 
 community involvement. Increase community socialization.  

Responsible parties for tree care Community residents. Schools. City. City (majority of care). Business owners (small 
  portion of care). Community residents (small 
  portion of care).

Tree care actions Fertilizing. Cleaning up trash. Tree pruning. Watering. Fertilizing. Tree pruning. Watering.

Why care for trees? Childhood memories, connection to nostalgia. n/a

Challenges/barriers Knowledge transfer—too few parents know or care about  City does not care about trees; trees get entangled 
 trees, so this is passed on to children; lack of land for trees in power lines; trees leave droppings on sidewalks,
 (renting); false idea among residents that city will take care  cars; trees take more water to care for; residents
 of trees; lack of help or support from city; lack of awareness  are lazy; there is a lack of space for new trees;
 about which trees to plant that have non-invasive root systems;  potential danger (possibly in tree trimming);  
 expense (tree trimming and root damage to pipes can be residents believe it is the city’s responsibility to 
 expensive); city owns trees but does not care for them, which  care for trees 
 limits what residents feel they can do; lack of time. 

Figure 2. Results of 88 survey responses in Huntington Park. The question asked was: "Using a scale from one to seven, where 
one means strongly disagree and seven means strongly agree, please tell me how much you agree or disagree with each of the 
following statements." Response means and distributions are represented.
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Figure 3. Results of 88 survey responses in Huntington Park. Participants were asked if they have the infrastructure necessary to 
water a tree. The figure shows the percentage of respondents who answered yes.

Figure 4. Results of 88 survey responses in Huntington Park. When asked if they currently had plants they took care of, 77% of 
the respondents stated that they did. Those that answered yes were then asked if they used mulch or compost, to which 58.2% 
answered yes. Participants who stated that they take care of plants in their yard were asked who takes responsibility for water and 
weeding. The percentages for the response categories are displayed in the figure. 

Figure 5. Results of 88 survey responses in Huntington Park. Respondents were asked about a number of barriers to tree care. 
The question was asked: "Using a scale from one to seven, where one means strongly disagree and seven means strongly agree, 
please tell me how much you agree or disagree with each of the following statements." There were no notable differences between 
owners and renters. Response means and distributions are represented.
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Developing Program Strategies
The literature review, focus groups, and survey 
findings informed the development of the pilot 
program and related materials. Researchers first 
identified a short list of non-divisible, end-state 
behaviors to target. Non-divisible behaviors are 
actions that cannot be divided further. For exam-
ple, “caring for a tree” can further be divided into 
watering, mulching, pruning, and weeding. End-
state behaviors are those that produce the desired 
environmental outcome. Using this approach, 
care for young trees was defined as performing 
four distinct actions at specific frequencies, with 
actions simplified as easy-to-follow instructions: 
1) Weekly – Assess the need to water by placing 

index finger approx. 7.5–10 cm, or 3–4 in, into 
the soil; 2) Weekly – If needed, use approx. 57 L, 
or 15 gal, of water delivered by hose, and while on 
a slow stream, run the water for approximately 15 
minutes; 3) Monthly – Remove weeds as needed; 
4) Every six months – Spread 10 cm, or 4 in, or the 
length of an index finger, of mulch from the base 
of the tree outward to the root line, as needed.

Addressing barriers and leveraging benefits
Next, researchers outlined findings and strate-
gies to address practical and perceived barriers 
to mulching, watering, and weeding young trees, 
as identified in the survey. Among these barri-
ers, three findings emerged as most significant:

Figure 6. Results of 88 survey responses in Huntington Park. Respondents were asked about a number of benefits to tree care. 
The question was asked: "Using a scale from one to seven, where one means strongly disagree and seven means strongly agree, 
please tell me how much you agree or disagree with each of the following statements." Response means and distributions are 
displayed, with a higher mean indicating a higher benefit. There were no notable differences between owners and renters. 

Figure 7. Results of 88 survey responses in Huntington Park. Participants were asked about the likelihood they would water their 
tree if asked to do so by the city and by a community group. The percentage of respondents in each category is shown here.
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• Finding 1: "It is the responsibil-
ity of the city to care for trees" 

• Finding 2: "I don't want to pay for 
water needed to care for trees."

• Finding 3: "Carrying a bucket is difficult."

Numerous strategies were identified to 
address each of these findings, including:

• Demonstrating a social  norm  by 
showing the high percentage of resi-
dents currently caring for plants.

• Using testimonials to communicate that resi-
dents value the trees and want to take care of them.

• Educating residents about what it takes 
to care for the tree and that the respon-
sibility for taking care of the trees is 
consistent with community values . 

• Utilizing vivid communication (an educa-
tional strategy that uses graphics) to dem-
onstrate that watering a young tree costs 
less than $5 per year annually, using local 
water rates. The cost was compared to that 
of a common, relatable grocery item—in 
this case a dozen eggs, so that the per-
month cost was the equivalent of one egg.

• Using a hose to water the tree, or if using a bucket 
is desirable, filling the bucket at the tree with a 
hose so carrying a full bucket is not necessary.

In addition to these strategies, a prompt was 
developed to help remind residents to check their 
tree weekly. A weekly activity that occurs com-
monly in the community, and to which a tree care 
prompt could be tethered, was identified: street 
cleaning. Most Huntington Park residents do not 
have private parking and are prompted to move 
their cars to avoid a ticket, and so associating 
tree care with this weekly behavior was logical.

In addition to barriers, Huntington Park 
residents widely associate many benefits with 
performing tree care. To leverage this finding, 
commitment was used to encourage engage-
ment in tree care, coupled with self-perception 
language that explains how tree care behaviors 
are consistent with current community plant-
care behaviors and values. CBSM posits that 
commitment is a powerful tool to encourage 
behavior change, especially when the com-
mitment is visible to others (McKenzie-Mohr 
2011). Residents were asked to commit to tak-

ing care of their trees and make their commit-
ment public by placing a static-cling sticker in 
their front window to display their commitment. 

Another consideration was to determine 
which entity would be the face of the program. 
Surveys indicated that “the city” (City of Hun-
tington Park) and a “community group” (Tree-
People) would be equally good messengers. The 
project team made the decision to use TreePeople 
in the branding of the materials so they could 
be used in communities outside of Huntington 
Park if the program was found to be successful. 

Testing Outreach Methods: No Outreach Ver-
sus Passive Versus Active 
The study tested whether outreach produced 
better results than no outreach, and further, 
whether in-person, active outreach was more 
effective than passive outreach. Both outreach 
strategies included distribution of program ma-
terials between 10 a.m. and 1 p.m. on a Saturday 
in March 2017, but differed in the approach used. 
Three neighborhoods in the area were identified 
as having recently-planted parkway trees. One 
had been targeted for surveys and thus residents 
were potentially influenced, leaving the two re-
maining neighborhoods available for the pilot. 

Neighborhood 1: Active outreach via in- 
person engagement. An effort was made to 
speak in person with residents in the area 
assigned to receive active outreach (36 homes). 
Pre-notification fliers were left on the doors 
of the homes prior to the pilot outreach date 
to alert residents in advance. During outreach, 
teams knocked on doors or spoke with residents 
if they happened to intercept them outside, deliv-
ered a script verbally, offered and explained 
the materials package, and invited residents 
to observe a demonstration of tree care. Out-
reach teams were bilingual, and conversations 
with residents were held in either English or 
Spanish to accommodate resident preference. If 
residents did not answer, an outreach package 
was left at the door containing an instructional 
magnet (Figure 8a), air freshener prompt (Fig-
ure 8b), commitment sticker (Figure 8c), and 
a letter that reinforced the messages delivered 
in the in-person script. Teams performed tree 
care whether the resident was present or not.
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Neighborhood 2: Passive outreach via a pack-
age of materials left at the door or doorstep, 
with no effort to engage with residents. This 
group also consisted of 36 homes. Teams left a 
package containing the same materials listed for 
Neighborhood 1 at the door or doorstep. Teams 
made no attempt to interact with residents. Res-
idents did not receive in-person engagement 
and teams did not conduct tree care activities.

Evaluation Methodology
Baseline observations were collected at each 
site prior to the pilot program launch, and 
evaluation of the two program strategies was 
conducted over a six-week period following 
outreach. Evaluation consisted of: 1) mois-
ture meter readings taken every other day; 
and 2) weekly observations made on presence 
of mulch and weeds, as well as tree health (us-
ing observations of trunk, branch and leaf 
health). Photos were also taken to document 
tree health and any other observed issues were 
noted. The same teams conducted the observa-
tions throughout the period for consistency.

RESULTS AND DISCUSSION

Findings
Data analyses of the three outcomes—soil mois-
ture, tree health, and presence of mulch—were 
conducted to determine whether statistically sig-
nificant differences existed between the two out-
reach methods. Baseline data were collected at 
only one time-point and thus not included in the 
statistical analyses but are nevertheless presented 
in the figures for visual contrast to the evalua-
tion data. In addition to the three outcomes list-
ed above, observations were made regarding the 
presence of weeds, but those data were not ulti-
mately reported in analyses because weeds were 
removed by outreach teams on the pilot launch 
day for the active group but not for the passive 
group sample, making the data inconclusive.

Sixteen of 36 households in the active out-
reach group opened their doors and received 
the communication in-person. At six weeks fol-
lowing outreach, trees at homes in this outreach 
group had significantly higher soil moisture, more 
mulch, and better observed health than trees at 
homes in the passive outreach group. However, 
as some residents in this outreach group were not 
reached, two sets of analyses were conducted. A 
set of primary analyses compared all residents in 
Neighborhood 1 in the active outreach group (N 
= 36) with all residents in Neighborhood 2 in the 
passive outreach group (N = 36). A set of second-
ary analyses excluded from the active outreach 
group the 20 residents in Neighborhood 1 who 
did not answer their doors. Treatment of those 
20 residents resembled that of the passive out-
reach group in that they had no in-person interac-
tion. Treatment of these residents differed from 
the passive outreach group in that they received 
pre-outreach notifications, so data from this 
subgroup were thus excluded from the analysis 
rather than combined with data from the passive 
outreach group. Consequently, the secondary 
analysis compared the original passive outreach 
group (N = 36) with a smaller active outreach 
group (N = 16). Results of the primary analyses 
are shown in Figure 9 (soil moisture), Figure 10 
(mulch), and Figure 11 (tree health). Results of 
the secondary analyses, excluding residents who 
did not answer their doors in Neighborhood 1, 

Figure 8. Strategy a) instructional magnet, b) air freshener 
prompt, and c) commitment sticker.
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resulting in a small active outreach group (N 
= 16), are shown in Figure 12 (soil moisture), 
Figure 13 (mulch), and Figure 14 (tree health). 

While members of the evaluation team were 
trained to conduct standardized observations 
on mulch and tree health, it should be noted 
that observations may nevertheless be sub-
ject to observer differences. The soil mois-
ture metric is thus a more objective form of 
measurement. There was a statistically signifi-
cant difference in soil moisture between the 
active group and the passive group at both 
three weeks and six weeks following outreach. 
Like many studies, the scope of this project 
was limited by available resources. The eval-
uation period was limited to six weeks, and 
observations on whether outreach materi-
als were used as intended were not included. 
Observing these behaviors would inform which 
outreach materials better resonate with the 
target community, and thus which materials 
tree-planting municipalities or organizations 
would be advised to select. Such observa-
tions should be included as part of an evalu-
ation plan in future behavior change efforts.

Broad Implementation and Transfer-
ability to Other Communities 
A modification that could be adopted in future 
implementation of the study’s strategies is that 
active, in-person engagement with residents 

could be tested on planting day rather than in the 
days or weeks following a planting. On planting 
day, community members may already be partic-
ipating in planting and may be even more recep-
tive to in-person interaction. Given the effective 
use of peer-to-peer, community-based commu-
nications observed in the pilot, this model will 
continue to be used and expanded to support 
the growth of Huntington Park’s urban forest.

Transferability to communities beyond Hun-
tington Park can be tested if, at a minimum, 
the necessary infrastructure and barriers to 
engagement are identified as similar. The fol-
lowing characteristics were among the factors 
identified in the pilot neighborhoods of this 
study: residents have water spigots and hoses; 
the cost of watering trees is perceived as a bar-
rier; trees are seen as important and desirable 
neighborhood components; city government 
is seen as responsible for tree care; and many 
residents already provide care for other trees 
and plants. These factors were used to craft 
messages and develop program elements. To 
apply this same program approach, a next step 
would be to confirm that these and other ele-
ments are relevant in other target communities. 
If these elements are found to be relevant, wide-
spread implementation is simplified. If there 
is a potential mismatch, a next step would be 
to gather additional data to provide direction 
for retooling messaging or program elements. 

Figure 9. Soil moisture as volumetric water content following outreach (active, N = 36; passive, N = 36) (primary 
analysis).
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The study findings indicate both active and 
passive outreach produced better soil moisture 
and tree health outcomes than no outreach, 
with trees at homes in the active outreach group 
showing significantly higher soil moisture, more 
mulch, and better observed health than trees at 
homes in the passive outreach group. Results 
suggest that tree planting programs with limited 

resources for maintenance may find success 
in fostering tree stewardship among residents 
through active engagement. As of the writing of 
this article, several major urban forestry proj-
ects are in planning or implementation phases in 
Southern California and may provide opportuni-
ties to test the transferability of the strategies and 
approaches developed for this study. Projects of 

Figure 10. Presence of mulch following outreach (active, N = 36; passive, N = 36) (primary analysis).

Figure 11. Tree health following outreach (N = 36) (primary analysis).
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Figure 12. Soil moisture as volumetric water content following outreach (active, N = 16; passive, N = 36)  
(secondary analysis).

Figure 13. Presence of mulch following outreach (active, N = 16; passive, N = 36) (secondary analysis).

Figure 14. Tree health following outreach (active, N = 16) (secondary analysis).
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the City of Los Angeles City Plants collaborative 
and those funded through CAL FIRE Greenhouse 
Gas Reduction Funds, as well as other efforts in 
the region and beyond, should be considered as 
opportunities to advance, refine, and improve 
upon the approaches presented in this study.
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Résumé. Les municipalités et les organismes actifs pour la 
plantation d'arbres sont confrontés à de nombreux défis avant de 
bénéficier d'une forêt prospère, parmi lesquels figure l'entretien 
des jeunes plantations durant la période de reprise. Dans les ré-
gions arides et semi-arides en particulier, la distribution de l'eau 
d'un arbre à l'autre est une activité intense monopolisant du temps 
et des ressources souvent non prise en compte lors du finance-
ment de programmes de plantation. La présente étude cherche à 
répondre au besoin de cette activité en développant un modèle de 
stratégie afin d'engager les résidents de communautés désavanta-
gées sur le plan  environnemental à s'impliquer activement dans 
l'entretien des jeunes arbres d'alignement plantés en façade de 
leurs résidences. Recourant au marketing social communautaire 
dans la ville de Huntington Park (Comté de Los Angeles, Californ-
ie), nous firent enquête sur les caractéristiques socioéconomiques 
et culturelles quant aux obstacles et aux incitatifs visant la prise en 
charge des arbres (c'est-à-dire, l'arrosage, le paillage et le désherb-
age) puis nous élaborâmes conséquemment un programme stra-
tégique de sensibilisation. Un projet pilote fut développé et évalué 
quant à son efficacité pour la modification des comportements. 
Une sensibilisation active, personnalisée (approche porte-à-porte 
avec les résidents en recourant à du matériel publicitaire et par 
la démonstration de gestes d'entretien) fut testée en comparaison 
avec une sensibilisation davantage passive (matériel publicitaire 
déposé à la porte); les deux approches furent comparées avec les 
conditions de référence (aucune approche). Une évaluation de 
l'humidité du sol, de la santé des arbres et de la présence de paillis 
fut effectuée pendant une période de six semaines suivant le projet 
pilote de sensibilisation. Les arbres situés devant les maisons du 
groupe de sensibilisation active montrèrent un taux d'humidité 
du sol significativement plus élevé, plus de paillis et un constat de 
meilleure  santé que les arbres du groupe de sensibilisation pas-
sive. Cependant, les deux groupes affichèrent un meilleur résultat 
que les arbres de référence. Ces résultats indiquent que les pro-
grammes de plantations d'arbres, malgré des ressources limitées 
pour leur entretien, peuvent réussir en promouvant la prise en 
charge et l'implication active de citoyens.

Zusammenfassung. Stadtverwaltungen und Organisationen, 
die Bäume pflanzen, sind multiplen Herausforderungen ausge-
setzt, um blühende urbane Forste zu erzielen, wovon eines die die 
Etablierung einer Anwachsphase für junge Bäume ist. Besonders 
in ariden und semiariden Regionen ist die Bereitstellung und 
Lieferung von Wasser eine resourcen- und zeitintensive Tätig-
keit, die oftmals nicht von den zur Verfügung stehenden Mitteln 
gedeckt ist. Diese Studie strebte an, dem Bedarf nach einer An-
wachspflege entgegen zu kommen, indem ein reproduzierbarer 
Ansatz zur Involvierung von Anwohnern in umweltgerechten 
Kommunen erzeugt wird, die aktiv eine Jungbaumpflege vor 
ihrem Haus durchführen. Unter Verwendung von Community-
Based Social Marketing in der Stadt von Huntington Park (Los 
Angeles County, California), untersuchten wir sozioökonomische 
und kulturelle Charakteristika zu Barrieren und Motivatoren 
rund um Baumpatenschaften (z. B. Bewässerung, Mulchen und 
Krauten) und entwickelten entsprechend eine weit reichende 
Programmstrategie. Wir führten einen Pilottest durch und bew-

erteten das Programm bzgl. seiner Effektivität, Verhaltensweisen 
zu verändern. Aktive, persönliche Ansprache (Tür-zu-Tür-En-
gagement mit den Anwohnern, unter Verwendung von Program-
mmaterialien und dem Demonstrieren von Baumpflegeaktionen) 
wurden getestet gegenüber passiver Ansprache (Programmmate-
rial an der Türschwelle anlegen); beide wurden unter Basiskon-
ditionen verglichen. Die Bewertung der Bodenfeuchte, Baumge-
sundheit und Vorhandensein von Mulch wurde über einen 
sechswöchigen Zeitraum nach der Programmveröffentlichung 
durchgeführt. Bäume vor den Häusern mit aktiver Ansprache hat-
ten signifikant höhere Bodenfeuchte, mehr Mulch und eine besser 
beobachtete Baumgesundheit als die Bäume vor den Häusern mit 
passiver Ansprache. Beide Gruppen hatten bessere Ergebnisse im 
Vergleich zu der Baseline vor der Ansprache. Die Ergebnisse zei-
gen, dass Baumpflanzprogramme mit begrenzten Resourcen für 
die Erhaltungspflege möglicherweise einen Erfolg darin finden, 
die Anwohner durch Baumpatenschaften zu aktivem Engagement 
zu bewegen.

Resumen. Los municipios y las organizaciones de plantación 
de árboles enfrentan múltiples desafíos para lograr bosques ur-
banos prósperos, entre los que se encuentra el cuidado durante el 
período de establecimiento para los árboles jóvenes. En particu-
lar, en las regiones áridas y semiáridas, el suministro de agua de 
árbol a árbol es una actividad que requiere recursos y tiempo, y 
que a menudo no está cubierta por los fondos especificados para 
la plantación de árboles. Este estudio buscó abordar la necesidad 
de atención durante el período de establecimiento al producir 
un enfoque replicable para involucrar a los residentes en comu-
nidades ambientales para que cuiden activamente a los árboles 
jóvenes de las calles plantados frente a sus hogares. Utilizando 
datos de mercadeo social en la comunidad de la ciudad de Hun-
tington Park (Condado de Los Ángeles, California), investigamos 
las características socioeconómicas y culturales de las barreras y 
motivadores en torno a la administración de los árboles (es decir, 
riego, acolchado y deshierbe) y desarrollamos una estrategia de 
programa de extensión en consecuencia. Realizamos pruebas pi-
loto y evaluamos el programa para conocer la efectividad de los 
comportamientos cambiantes. La participación activa, en persona 
(compromiso puerta a puerta con los residentes que usen los ma-
teriales del programa y demostrando las acciones de cuidado de 
los árboles) se evaluó en comparación con la divulgación pasiva 
(los materiales del programa se dejaron en la puerta); ambos se 
compararon con las condiciones base. La evaluación de la hume-
dad del suelo, la salud de los árboles y la presencia de mantillo se 
realizó durante un período de seis semanas después del alcance 
del programa. Los árboles en los hogares en el grupo de alcance 
activo tuvieron una humedad del suelo significativamente mayor, 
más mantillo y una mejor salud observada que los árboles en los 
hogares que en el grupo de alcance pasivo. Ambos grupos tuvi-
eron mejores resultados en comparación con las condiciones de 
referencia previas al alcance. Los resultados indican que los pro-
gramas de plantación de árboles con recursos limitados para el 
mantenimiento pueden tener éxito en fomentar la administración 
de árboles entre los residentes a través de la participación activa.
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