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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.




