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are particularly important for mitigating urban heat 
islands and providing pedestrian thermal comfort 
(Ettinger et al. 2024; Jayasingh et al. 2024), and they 
are also central to green stormwater infrastructure 
systems in aging neighborhoods facing flooding 
challenges (Berland et al. 2017). Furthermore, the 
planting, maintenance, and removal of trees along 
streets dominate municipal tree management budgets 
(Hauer and Peterson 2016). The survival of planted 
street trees is therefore vital for the sustained benefits 
of this public resource, with a pronounced relevance 
in low-canopy neighborhoods.

Urban tree monitoring for mortality and survival 
enables urban forestry professionals and researchers 
to understand the performance of planting programs 
(Wattenhofer and Johnson 2021). A literature review 
revealed that typical annual mortality during the first 
5 years after planting was 6.6% to 7.0%, with post- 
establishment annual mortality dropping to 2.8% to 
3.8% (Hilbert et al. 2019). Based on those annual mor-
tality rates, the typical population half-life for a planted 

INTRODUCTION
Urban tree planting initiatives have become a wide-
spread form of urban greening in cities around the 
world (Eisenman et al. 2022; UNECE 2024), with 
planting campaigns motivated by the ecosystem ser-
vices provided by urban canopy (Silvera Seamens 
2013). Street trees generally comprise a small frac-
tion of overall urban canopy cover—which can be 
dominated by trees in parks and private properties—
but street tree planting and stewardship are often the 
front lines of engagement for urban tree programs 
(Roy 2017; Elton et al. 2023). Additionally, trees are 
an essential component of street design to enhance 
urban livability (Coleman et al. 2022). In cities and 
towns around the globe, streetscapes can be the pri-
mary opportunity for tree planting in neighborhoods 
with high building density where houses do not have 
yards (Hall et al. 2012), including low-income and low- 
canopy communities (Riedman et al. 2022), making 
street tree planting and care critical to advancing 
environmental justice (Grant et al. 2024). Street trees 

Abstract. Background: Street tree plantings are common in urban greening programs, and these trees provide important ecosystem services 
that increase as trees survive to maturity. Field-based monitoring to understand mortality rates and causes is valuable for urban forest man-
agement but very time-consuming. Methods: We used street-level imagery to virtually monitor survival for 2,884 street trees over several 
years postplanting in Philadelphia, Pennsylvania, United States. Results: We observed similar mortality rates to other studies, with 7.5% of 
trees dead or removed by the first summer after planting and the mortality rate dropping to 3.5% between the third and fourth summers post-
planting. Logistic regression models were constructed over various time horizons to understand which site, neighborhood, and species char-
acteristics related to survival outcomes. These models showed that higher tree survival was associated with less impervious surface 
surrounding the tree; lower social vulnerability in the neighborhood; and tree planting in the fall season as opposed to spring. Conclusions: 
Our results point to management activities that could improve survival outcomes, such as planting site enhancements and establishment 
maintenance, as well as the use of monitoring data to drive decisions regarding planting season. This study demonstrates the value of street-
level imagery interpretations to provide mortality data on a large number of street trees planted over multiple years.
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watering agreements (Mincey and Vogt 2014). More 
broadly, failure to maintain trees (including irrigation, 
mulching, and pruning) results in lower tree health 
and survival, as well as higher costs for replacement 
plantings and structural challenges as trees mature 
(Vogt et al. 2015a). The many factors related to urban 
tree mortality also vary by local ecological, institu-
tional, and social context, making investigations into 
local planting initiatives critical to understand mortal-
ity patterns at scales relevant to program management.

Past mortality studies of planted urban trees have 
been carried out through field work, often represent-
ing a sample of the trees planted through a given pro-
gram (e.g., Koeser et al. 2014; Vogt et al. 2015b; 
Elmes et al. 2018; Salisbury et al. 2022). However, 
recent research has illustrated the feasibility of vir-
tual data collection through street view (SV) imag-
ery, which has the potential to expand the temporal 
and geographical scale of monitoring. SV imagery, 
which is generally captured by cameras mounted on 
vehicles, offers a ground-level panoramic view along 
streets. In comparison to field work, SV manual data 
collection can be faster and less expensive, especially 
since there are no transportation costs (Berland and 
Roman 2020). However, there are limitations: tree 
diameter, species identification, health evaluations, 
and risk assessment can be challenging or impracti-
cal for SV interpretation (Berland and Lange 2017; 
Berland et al. 2019; Meunpong et al. 2019). Therefore, 
depending on data quality needs, SV imagery is not 
appropriate for all urban forestry research and man-
agement applications. However, SV is especially well- 
suited to tracking the mortality of recently planted 
trees for which there are already baseline records 
with accurate species and location (Berland and 
Roman 2020). Although the aforementioned studies 
involved manual inspection of SV imagery, there have 
been advances in using machine learning to conduct 
automated inventories (Branson et al. 2018; Laumer 
et al. 2020; Beery et al. 2022; Choi et al. 2022) and 
quantify streetscape tree cover or green view index 
(Li et al. 2015; Seiferling et al. 2017). Given the pro-
liferation of tree planting initiatives in cities around 
the world, monitoring through SV is a promising ave-
nue to evaluate planting performance.

Another strategy for young tree monitoring that 
has gained prominence in recent years is volunteer- 
based data collection, sometimes called citizen sci-
ence or civic science (Roman et al. 2018a). Across the 

tree cohort is 13 to 18 years; in other words, half the 
trees are dead or removed by about 15 years after 
planting. Improved long-term survival would yield 
greater ecosystem services (Widney et al. 2016). It is 
therefore imperative to understand the factors associ-
ated with mortality to enable realistic performance 
expectations and targeted program interventions 
(Wattenhofer and Johnson 2021; Moore 2022). With 
recent massive investments in urban tree planting ini-
tiatives in countries around the world, coproduced 
monitoring efforts across research and practice pres-
ent an opportunity for learning and adaptive manage-
ment (Campbell et al. 2016; Eisenman et al. 2025). 
Knowledge coproduction is a collaborative process to 
bring together different types and sources of knowl-
edge for problem solving (Armitage et al. 2011). In 
the context of evaluating tree planting projects, such 
coproduction typically involves collaboration between 
researchers in government or academia and urban 
forestry professionals working for municipalities, 
states, nonprofits, or private companies (Campbell et 
al. 2016; Roman et al. 2018a; Vogt and Abood 2020).

Factors associated with urban tree mortality 
include taxonomic groups, site characteristics, plant-
ing technique and season, nursery stock, maintenance 
levels, construction, and socioeconomic characteris-
tics (Cregg and Ellison 2018; Breger et al. 2019; Hil-
bert et al. 2019; Roman et al. 2022). Tree age and size 
are often related to mortality, with younger or smaller 
trees having higher mortality rates, reflecting vulner-
abilities during early establishment (Hilbert et al. 2019; 
Bigelow et al. 2024). With respect to socioeconomic 
characteristics, there can be higher mortality in neigh-
borhoods with lower socioeconomic status, but results 
are sometimes contradictory (Hilbert et al. 2019). 
Tree growth, health, and mortality are impacted by 
characteristics of planting sites, including soil condi-
tion and the extent of nearby impervious surfaces 
(Sanders and Grabosky 2014; Scharenbroch et al. 2017; 
Bigelow et al. 2024). For recently planted trees, there 
is a strong association between mortality outcomes 
and poor planting technique or inadequate mainte-
nance (Yang and McBride 2003; Breger et al. 2019), 
and high survival has been found where there are 
professional expertise and consistent maintenance, 
including irrigation (Koeser et al. 2014; Roman et al. 
2014; Roman et al. 2015). When residents are respon-
sible for irrigation, tree survival can be enhanced 
through collective watering strategies or signed 
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the best times of year for tree planting (Jackson 2023; 
Miklas 2023).

Philadelphia had 1.6 million people as of 2020, 
making it the sixth-largest city in the USA. The city’s 
diverse human population is 38.3% Black, 34.3% 
White, 8.3% Asian, and 14.9% Hispanic/Latino (The 
Pew Charitable Trusts 2022). Philadelphia is the 
poorest of the 10 largest cities in the USA, with 23% 
of residents living in poverty (The Pew Charitable 
Trusts 2021). As a postindustrial city whose popula-
tion peaked at 2 million in the 1950s, Philadelphia 
has experienced challenges common to postindus-
trial cities in the USA and globally, including depop-
ulation, reduced tax base for city services, and land 
vacancy, with accompanying steep declines in staff-
ing and resources for municipal tree management 
(Roman et al. 2021).

Many Philadelphia neighborhoods have older hous-
ing stock (41% built prior to 1939)(The Pew Charita-
ble Trusts 2021) and small residential lots with little 
to no yard space (Riedman et al. 2022). Common 
housing types in the city include attached units 
known as rowhomes (i.e., entire city blocks of rela-
tively narrow attached houses) and twins (i.e., two 
homes sharing a single wall). Philadelphia’s streets 
generally have sidewalks, and many neighborhoods 
have substantial pedestrian traffic, as 29% of the city’s 
households do not have cars (The Pew Charitable 
Trusts 2021). Street trees are therefore a critical part 
of urban greening strategies in this city. Philadelphia’s 
overall tree cover was 20% as of 2018, with consider-
ably lower canopy in low-income neighborhoods 
(O’Neil-Dunne 2019). Municipal leaders set a goal to 
achieve 30% canopy in every neighborhood (City of 
Philadelphia 2009) and Philadelphia Parks and Rec-
reation released an urban forest strategic plan in 2022 
centered around environmental justice (PPR 2023). 
Street trees are also integral to city plans and initia-
tives regarding mitigation of urban heat islands (Jara-
millo 2020) and stormwater runoff (PWD 2011).

The Tree Tenders program at the nonprofit Penn-
sylvania Horticultural Society (PHS) was founded in 
1993 for community-based urban tree education, plant-
ing, and care. This program began at a time when 
Philadelphia’s park agency, which has legal jurisdiction 
over street tree management, had undergone severe 
cuts in budget and personnel (66% staff reduction 
between 1970 and 2000)(Roman et al. 2021). Residents 
that have taken an 8 hour to 9 hour course on tree 

United States of America (USA), volunteers have been 
utilized for tree inventories (Boukili et al. 2017; Bancks 
et al. 2018; Crown et al. 2018; Johnson et al. 2018) and 
monitoring recently planted trees (Roman et al. 2018b). 
Such civic science programs engage local communi-
ties and are part of larger trends of extensive volun-
teer engagement in urban forestry in the USA (Hauer 
et al. 2018). Additionally, for both field and virtual 
data collection, volunteer data quality is high for sim-
ple tasks like determining mortality status and tree 
counts (Roman et al. 2017; Berland et al. 2019).

In this study, we tracked recently planted street 
tree survival and mortality from a planting program 
in Philadelphia, Pennsylvania, USA. We generated 
data using manual interpretation of SV imagery, 
complemented by civic science monitoring records, 
to demonstrate the application of virtual monitoring 
to local program assessment. We asked the following 
questions: (1) how do survival rates in this local pro-
gram compare to typical rates from a literature 
review (Hilbert et al. 2019); and (2) how is establish-
ment survival of these street trees related to site, 
neighborhood, and species characteristics? We then 
situate these findings with a reflection on the poten-
tial for large-scale virtual monitoring of tree planting 
initiatives.

METHODS
We used virtual monitoring of street tree survival fol-
lowing pilot testing by Berland et al. (2019) and a 
coproduced transdisciplinary research approach 
(Campbell et al. 2016; Vogt and Abood 2020) involv-
ing research scientists, planting program staff, and 
students codeveloping the methods and interpreting 
the findings. Research scientists conceptualized the 
study and analyzed the data, while an undergraduate 
student devised the data collection protocol, and a 
planting manager advised on conceptualization, data 
collection, and interpretation.

Study System
Located in the mid-Atlantic region of the USA, Phil-
adelphia’s natural ecosystems are mainly deciduous 
forests. The city typically has steady precipitation 
throughout the year (1,120 mm/yr)(NOAA 2021). 
Summers are humid and hot (average July tempera-
ture 25.9 °C), winters are cold (average January tem-
perature 0.9 °C), and spring and fall are mild (NOAA 
2021). In this region, spring and fall are considered 
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calls for irrigating trees 57 L to 75 L/week during the 
growing season in the early establishment years 
(Maslin 2005). Establishment maintenance is done 
by a mix of property owners, tenants, and neighbors. 
During the first summer after planting, a visit by Tree 
Checkers volunteers involves talking to residents or 
leaving a note with reminders about young tree main-
tenance needs, especially irrigation (Tree Checkers is 
explained more in the Methods).

For purposes of this research, we considered street 
trees to be trees located in sidewalks (e.g., in cut-outs 
or planting strips) or medians, following Bigelow et 
al. (2024). A tree in a private yard within the roadside 
right-of-way where there is no sidewalk was not a 
street tree for this study. We do not have measure-
ments for individual street tree sites, but in general, 
Philadelphia is an older city with narrow sidewalks, 
with relatively small planting sites.

Data Collection
We used Tree Tenders planting data from Fall 2015 
through Spring 2019 (Table 1), monitoring all planted 
street trees from these several years of planting. As 
described below, methods were adapted from Berland 
et al. (2019) and Roman et al. (2020).

Virtual Monitoring
Virtual data collection involved Google SV, as well 
as the Philadelphia Atlas (an online tool for parcel- 
level municipal data)(Eaton 2019) and the PHS Urban 
Forest Cloud (an online tree inventory software from 

planting, care, advocacy, and community organizing 
are considered official Tree Tenders, and trained indi-
viduals partner with their neighbors to create geo-
graphically based Tree Tenders groups. Volunteer 
Tree Tenders group leaders take on substantial labor 
for tree planting and associated tasks (Riedman et al. 
2024). These groups gather requests for free trees 
from neighborhood residents and property owners. 
PHS facilitates volunteer plantings each fall (mid- 
November) and spring (late April, coinciding with 
Arbor Day celebrations in Pennsylvania). Over the 
past decade, 800 to 1,300 trees have been planted 
annually through Tree Tenders in Philadelphia, mostly 
street trees. PHS began offering Tree Tenders train-
ing in Spanish in 2018, and in recent years staff have 
been prioritizing equity and environmental justice, 
including plantings in low-income areas and commu-
nities of color (Grant et al. 2024).

The Tree Tenders plantings are bare root stock, 
following previous investigations which found that 
bare root is a viable alternative to balled-and-burlapped 
stock (Jack-Scott 2011; Roman et al. 2018b). Trees are 
purchased from a nursery in upstate New York and 
shipped on climate-controlled tractor trailers, with 
roots dipped in hydrogel and encased in large plastic 
bags. When received by PHS, the trees are inspected 
by staff and stored in a warehouse with appropriate 
climate for bare root trees for up to 3.5 days before 
pickup by neighborhood TT groups. Planting group 
leaders are advised on the proper way to store bare root 
trees for several more days before planting, particu-
larly with respect to temperature and protecting roots.

In Philadelphia, property owners formally own 
the street trees in front of their properties, while the 
municipal department Philadelphia Parks and Recre-
ation maintains jurisdiction, requiring permits for 
planting and removal (PPR 2023). Municipal arbor-
ists are responsible for approving proposed Tree Ten-
ders planting sites and selecting species. Residents and 
property owners receiving trees through Tree Tenders 
are responsible for establishment tree maintenance 
(e.g., irrigation, adjusting stakes, reapplying mulch), but 
neighborhood Tree Tenders groups may also help with 
pruning and pit care, although such group assistance 
to residents varies tremendously across neighbor-
hoods. Tree Tenders volunteer groups operate semi- 
autonomously, providing labor for recruitment, event 
coordination, monitoring, and sometimes maintenance 
(Riedman et al. 2024). The Tree Tenders handbook 

Table 1. Street trees planted in Philadelphia through the 
Tree Tenders program that were monitored for this study.

Planting season Year Number planted

Fall 2015 374

Spring 2016 349

Fall 2016 371

Spring 2017 272

Fall 2017 300

Spring 2018 333

Fall 2018 523

Spring 2019 362

Total 2,884
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and past email correspondences with Tree Tenders 
group leaders were referenced so that PHS staff and 
interpreters reached consensus. Trees that were still 
unable to have their locations confidently confirmed 
were excluded from further analysis (11 trees). Yard 
trees were also excluded from analysis (457 trees), as 
such trees are not reliably easy to discern from Goo-
gle SV. Instances of clearly duplicate data rows were 
excluded (18 trees). Trees that lacked survival obser-
vations in any year (from SV imagery or volunteers, 
see below) were excluded (18 trees). The total sample 
of street trees with known mortality/survival status 
in at least one year was 2,884, with varying subsets 
used for the analyses to follow, depending on data 
availability at different time steps since planting.

Civic Science Field Data
Tree Checkers, started in 2011, is an offshoot of Tree 
Tenders that encourages volunteers to participate in 
civic science field monitoring in the first summer 
after planting (Roman et al. 2018b). Volunteers attend 
a 2-hr training about data collection and the PHS 
Urban Forest Cloud. Tree Checkers is required of all 
Tree Tenders groups, but not all choose or are able to 
participate (Riedman et al. 2024). Of the 2,884 trees 
in our study, 80.7% had Tree Checkers mortality status 
for the first summer after planting. When SV imag-
ery was not available for the first summer after plant-
ing, and Tree Checkers data was available, we used 
the latter to complement the virtual data collection.

Analysis
Survival Rates
To address our first research question, we combined 
all planting years/seasons together and summarized 
survival (% alive) and mortality (% dead/removed) 
rates in 7 ways: (1) planting to first summer; (2) plant-
ing to second summer; (3) planting to third summer; 
(4) planting to fourth summer; (5) first to second 
summer; (6) second to third summer; and (7) third to 
fourth summer. Notably, the percent survival and 
mortality exclude missing observations, with the num-
ber of missing observations varying at each time step. 
Note that the monitoring period from planting to first 
summer was less than a full year, and monitoring for 
subsequent years was approximately one full year 
(one summer to the next summer) depending on Goo-
gle SV imagery dates. Therefore survival and mor-
tality between one summer and the next represent 

PlanIT Geo, customized for PHS planting records)
(Roman et al. 2018b). The data collection workflow 
proceeded as follows. A given tree’s address was 
entered into Google SV, as well as Philadelphia Atlas 
and PHS Urban Forest Cloud, to aid in confirming 
that the correct tree in front of the correct property 
parcel was being evaluated. Once the tree identity, 
species, and location were confirmed, mortality sta-
tus was recorded for each time that SV imagery was 
available, relying on imagery from the growing sea-
son when trees are expected to be leafed out (May 
through September, i.e., when trees lacking leaves 
can be interpreted as dead). Notably, Google SV pro-
vides month and year of imagery, not exact dates.

For relatively narrow rowhomes with only a single 
tree in front, latitude and longitude coordinates were 
generally precise, as PHS tree geocoding involves 
automatically “pushing” trees to the sidewalk. How-
ever, for corner properties or larger properties, tree 
locations sometimes appeared as “stacked points” on 
the sidewalk. In such situations, individual tree loca-
tions were triangulated from multiple SV angles 
(Leatherbarrow 2019).

For each time that imagery was available, trees 
were categorized as alive, dead, or removed. A street 
tree considered to be alive possessed green leaves (or 
other appropriate color, depending on cultivar); even 
severely unhealthy trees were considered to be living. 
Trees were also categorized as alive when an obstruc-
tion prevented full visibility or when SV was not 
available for a given year yet subsequent imagery 
revealed the tree to be alive. Trees were categorized 
as dead when they did not possess any leaves in May 
to September imagery. Both trees observed dead and 
those observed removed (including stumps) counted 
towards mortality.

One student interpreter carried out initial virtual 
data collection, with all records then double-checked 
by a second student interpreter. When a tree could not 
be confidently located, or when there was disagree-
ment across the interpreters, the tree was flagged, 
and quality assurance activities were conducted as 
follows. Review sessions with the project research 
lead were conducted on a regular basis, at least once 
per week. If a tree could not be located accurately and 
coded clearly in this initial review, the tree was 
flagged again and documented for further review 
with PHS staff. Two of these second-round reviews 
were conducted. In these reviews, planting records 
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Native status, mature size, and drought tolerance 
were species traits that could plausibly influence tree 
performance. These species traits were derived pri-
marily from the University of Florida’s tree fact sheets 
(University of Florida 2013) and complemented by 
the Missouri Botanical Garden Plant Finder (Mis-
souri Botanical Garden 2018 ) and nursery listings 
for cultivars.

Planting season has been related to mortality in 
several studies (Hilbert et al. 2019). Tree Tenders group 
activity captured neighborhood stewardship within 
the PHS planting program, where high-activity groups 
were those that planted more than the median number 
of trees (n = 48), participated in planting for at least 
the median number of seasons (n = 6), and served on 
the citywide Tree Tenders committee. Low-activity 
groups planted less than 48 trees, participated fewer 
than 6 seasons, and/or did not serve on the committee. 
The remaining 8 Tree Tenders groups fell between high 
and low and were categorized as medium activity. 
We expected that high-activity groups may also provide 
greater maintenance and thereby improve survival.

Impervious surfaces may impact tree vigor and 
survival by limiting soil volumes, increasing heat 
stress, and altering hydrology (Sanders and Grabosky 
2014; Just et al. 2018). We calculated the percentage 
of impervious surfaces within 15 m of each tree, based 
on 2015 high-resolution impervious surface data from 
Pennsylvania Spatial Data Access (PASDA 2025). 
Construction or demolition activities could impact 
tree survival by disrupting the tree above or below-
ground, or by directly resulting in tree removal (Mor-
genroth et al. 2017; Roman et al. 2022). We used 
building and zoning permit data from OpenDataPhilly 
(OpenDataPhilly 2010) to determine whether con-
struction and/or demolition took place within 15 m of 
the tree during the time frame when a given tree 
existed at a site (e.g., a demolition event taking place 
in the year prior to a tree being planted, or in the year 
after a tree was removed, would not be considered). 
For both impervious surfaces and construction, a dis-
tance of 15 m was chosen to reflect the expectation 
that these effects would be localized in close proxim-
ity to the tree and for consistency with another street 
tree study in Philadelphia (Bigelow et al. 2024). Finally, 
we included a measure of social vulnerability because 
tree mortality has commonly been related to socio-
economic characteristics (Hilbert et al. 2019). We used 
the Social Vulnerability Index (SVI)(ATSDR 2024), 

annual survival and annual mortality, respectively 
(Roman et al. 2016).

To summarize performance at the species level, 
we calculated survival rates for the 7 taxa with over 
100 individuals planted, which account for 59% of all 
2,884 trees. Due to the wide array of cultivars and 
hybrids for Prunus and Malus, these taxa were ana-
lyzed at the genus level. To provide these taxa-level 
findings in a manner more useful to managers, sur-
vival rates were separated by planting season.

Site, Neighborhood, and Species Characteristics 
Related to Mortality
We used logistic regression modeling to understand 
how site, neighborhood, and species characteristics 
relate to tree survival outcomes. We followed an iter-
ative model building approach from Hosmer et al. 
(2013). Briefly, this approach begins by constructing 
individual models for each candidate independent vari-
able and the dependent survival outcome (1 = survival, 
0 = mortality). Candidate variables with P-values < 0.25 
in their individual models were then combined into 
a multiple logistic regression model. Variables with 
P > 0.05 were removed from the multiple logistic 
regression model, and then excluded variables were 
entered into the model one-by-one to be sure that 
their explanatory power did not increase substantially 
in the presence of other independent variables in the 
model. Next, we checked for interactions among 
independent variables using both statistical evidence 
and potential real-world relevance (for example, it is 
plausible that species drought tolerance could interact 
with the amount of impervious surfaces surrounding 
the planting site). Once a final model was developed, 
we assessed its performance using the area under the 
ROC curve (AUC) following Hosmer et al. (2013). 
AUC values range from 0 to 1, where values above 
0.5 and approaching 1 indicate increasingly better 
model performance. We constructed 6 logistic regres-
sion models to describe survival outcomes over dif-
ferent time horizons. Four models analyzed survival 
outcomes from planting to the first through fourth 
summers, respectively. Two additional models were 
constructed to explain survival from summer one to 
summer two, and from summer two to summer three. 
We did not create a model for survival from summer 
three to summer four due to low sample size.

Various species, neighborhood, and planting site 
characteristics were included in the model building 
process as candidate independent variables (Table 2). 



©2026 International Society of Arboriculture

192

For the 7 most common taxa, survival rates varied 
according to taxa and planting season (Table 4). For 
example, Prunus spp. tended to have higher survival 
for fall plantings while Gleditsia triacanthos had 
higher survival for spring plantings. However, other 
taxa were not consistent with respect to survival 
trends according to planting season.

Site, Neighborhood, and Species Characteristics 
Related to Survival
Logistic regression models showed that several fac-
tors were associated with tree survival (Tables 5 and 
6). Across 4 of the 6 models, higher impervious sur-
face levels were significantly associated with lower 
survival, and it was the only factor included in the 
model for survival from planting to first summer. For 
every increase of one percentage point in impervious 
cover, a tree was 0.987 times less likely to survive 
from planting to first summer (i.e., the odds ratio esti-
mate); stated another way, for every one percentage 
point decrease in impervious cover, a tree was 1.01 
times more likely to survive from planting to first 
summer. In other models, the effect size of this rela-
tionship slightly intensified. Impervious surfaces were 

an index that is comprised of 16 USA Census variables 
capturing socioeconomic status, household character-
istics, racial and ethnic minority status, and housing 
type and transportation. We used the composite SVI 
index, and values for each tree planting site were derived 
using inverse distance weighting to interpolate SVI val-
ues from census tract polygons to tree point locations.

Geospatial data processing was conducted using 
ArcGIS Pro (ESRI, Redlands, CA, USA). Statistical 
analyses were conducted in R (R Foundation, Vienna, 
Austria) with packages aod (Lesnoff and Lancelot 
2023), lmtest (Zeileis and Hothorn 2002), and ROCR 
(Sing et al. 2005).

RESULTS
Survival Rates
The overall survival decreased from 92.5% alive in 
the first summer after planting to 77.1% alive by the 
fourth summer after planting (Table 3). Mortality rates 
decreased over time, with 7.5% dead/removed by the 
first summer, 5.6% dead/removed between the first 
and second summers, and 3.5% between the third 
and fourth summers.

Table 2. Variables considered in regression models for tree survival. CDC/ATSDR (Centers for Disease Control and Prevention/
Agency for Toxic Substances and Disease Registry).

Variable Values Description Values observed (n = 2,884)
Native status Yes, no Is the species native to Pennsylvania? 45.3% yes, 54.6% no
Mature size Small, medium, large Mature tree size category 33.3% small, 50.0% medium, 16.6% large

Drought 
tolerance Low-medium, high

Species drought tolerance category. Low and 
medium categories were combined due to 

small sample sizes for low tolerance.
63.6% low-medium, 36.4% high

Planting 
season Fall, spring Fall plantings occurred in November, and spring 

occurred in April 54.4% fall, 45.6% spring

Tree Tenders 
group activity Low, medium, high

Neighborhood tree steward groups were 
categorized based on total trees planted, 

seasons involved in planting, and participation 
on the Tree Tenders committee.

12.4% low, 20.0% medium, 67.6% high

Impervious 
surfaces Continuous Percent impervious cover within 15 m of the tree

Range = 16.9% – 100%; 25th percentile = 
81.9%; 50th percentile = 95.9%; 

75th percentile = 99.6%

Construction Yes, no
Was there an active construction and/or 

demolition permit issued within 15 m 
of the planting site?

34.1% yes, 65.9% no

Social 
vulnerability Continuous

CDC/ATSDR Social Vulnerability Index, 
ranging from 0 (low vulnerability) to 1 

(high vulnerability)

Range = 0.042 – 0.994; 25th percentile = 
0.426; 50th percentile = 0.665; 

75th percentile = 0.849
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Trees classified as low-medium drought tolerance 
were significantly associated with higher survival (as 
compared to high drought tolerance) in 3 models. The 
model for survival from planting to fourth summer 
was the only model to show lower survival for 
medium Tree Tenders group activity (compared to 
high activity). Mature tree size was also included in 
the model from planting to fourth summer, but it was 
not significant.

DISCUSSION
The mortality and survival rates for recently planted 
street trees found in this study align with typical 
establishment mortality from the Hilbert et al. (2019) 
literature review. In that review, across 16 studies 
reporting annual mortality rates in the first 5 years 
after planting, the 25th, 50th, and 75th percentiles were 

included in the model for survival from first to sec-
ond summer, but their impact was not significant.

Higher social vulnerability was significantly asso-
ciated with lower survival in all models except plant-
ing to first summer. For every unit increase in the 
index, a tree was 0.371 times less likely to survive 
from planting to second summer; stated another way, 
for every unit decrease in the vulnerability index, a 
tree was 2.70 times more likely to survive from plant-
ing to second summer.

Planting season was significantly associated with 
survival in 4 of the 6 models, and spring planting had 
poorer survival outcomes than fall planting. Trees 
planted in the spring were 0.667 times less likely to 
survive from planting to second summer; in other 
words, trees planted in the fall were 1.50 times more 
likely to survive from planting to second summer.

Table 3. Percent of trees observed to be alive and dead/removed at various time horizons (excluding missing observations). 
Rows reporting data from one summer to the next only include trees that were observed to be alive in the earlier summer.

Time period Alive Dead/removed Missing
observationsCount Percent Count Percent

Planting to 1st summer 2,637 92.5 213 7.5 34
Planting to 2nd summer 1,618 87.2 238 12.8 143
Planting to 3rd summer 1,044 80.9 246 19.1 76
Planting to 4th summer 523 77.1 155 22.9 45
Summer 1 to summer 2 1,618 94.4 96 5.6 101
Summer 2 to summer 3 1,044 96.3 40 3.7 34
Summer 3 to summer 4 523 96.5 19 3.5 28

Table 4. Percent of trees in the most common taxa observed to be alive. Observations are summarized by planting season and 
time period. Numbers represent the percent of trees alive at the beginning of the period that were also alive at the end of the 
period. 

Species Count
Planting to first 

summer
Summer 1 to 

summer 2
Summer 2 to 

summer 3
Summer 3 to 

summer 4
Fall Spring Fall Spring Fall Spring Fall Spring

Prunus spp. 581 94.8 91.6 95.9 93.7 98.4 96.1 98.4 95.3
Syringa reticulata 308 93.5 96.2 93.5 91.3 100.0 96.3 90.9 89.7
Malus spp. 224 92.3 96.2 94.8 98.5 91.2 86.8 100.0 100.0
Cladrastis kentukea 203 92.7 89.1 96.0 94.7 88.9 96.8 100.0 95.2
Amelanchier laevis 135 91.8 93.0 100.0 96.2 93.8 90.3 n/a 92.3
Amelanchier × 
grandiflora 124 90.1 93.1 100.0 100.0 93.9 94.7 100.0 n/a

Gleditsia triacanthos 
var. inermis 123 98.7 100.0 100.0 100.0 97.4 100.0 100.0 100.0
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trees, and the number of trees planted is often touted as 
a goal (Eisenman et al. 2022; Eisenman et al. 2025). 
In the USA, spending scarce resources on expensive 
site alterations is a pervasive challenge in urban for-
est management. Future research that examines the 
return-on-investment of soil and site alterations, in 
terms of tree health, growth, survival, and ecosystem 
services outcomes, can inform decision making about 
such investments.

Social vulnerability appeared significant in most 
models (except planting to first summer). There has 
been extensive recent scholarship on distributional 
inequities in urban tree canopy cover, showing gen-
eral trends for more canopy where there are more 
white and wealthy residents (Gerrish and Watkins 
2018; Watkins and Gerrish 2018), albeit with substan-
tial variation in relationships across local socioeco-
logical contexts and temporal dynamics (Riley and 
Gardiner 2020; Locke et al. 2023). Research about 
canopy cover inequities has contributed to practitioner 
discourse in urban forest management around envi-
ronmental justice, such as the American Forests Tree 
Equity score (Leahy and Serkez 2021). A study from 
Portland, Oregon, USA, showed distributional ineq-
uities in planting patterns (Donovan and Mills 2014) 
which can reinforce canopy inequities. Our analysis in 
Philadelphia contributes to this growing body of liter-
ature on urban forest equity by showing the connec-
tion between social vulnerability and establishment 
mortality (even after controlling for levels of imper-
vious surface), indicating inequitable early tree perfor-
mance. Such differences may be related to perspectives 
and behaviors of residents, maintenance practices, 
vandalism, and injuries from vehicles (Richardson and 
Shackleton 2014; Geron et al. 2023). Future research 
should investigate the potential tree performance 
benefits (e.g., survival, growth, health) of paid and 
unpaid tree maintenance programs (particularly in 
low-income and under-resourced neighborhoods) and 
systematic evaluation of tree injuries from vandalism 
and vehicles.

Prior research has demonstrated that programmatic 
support for tree care, such as maintenance carried out 
by organized volunteers or paid seasonal staff, pro-
duces high establishment survival (Koeser et al. 2014; 
Mincey and Vogt 2014; Roman et al. 2015; Vogt et al. 
2015b). For example, relatively low establishment 
annual mortality—0.6% annual mortality in the first 
6 years after planting—was observed for street trees 

2.81% to 3.76%, 4.40% to 6.48%, and 7.09% to 9.33%, 
respectively. Our mortality rates for planted street 
trees in Philadelphia were at the high end of this 
range for planting to first summer (7.5%). Notably, 
planting to first summer was less than a full year of 
time, as trees were planted in November and April, 
and SV imagery was observed May through October. 
This finding suggests that mortality rates may be 
markedly higher in the first few months after plant-
ing, compared to later in establishment. The annual 
mortality rates in our study dropped considerably as 
time progressed, lowering after the first-to-second 
summer (5.6%) to the second-to-third (3.7%) and 
third-to-fourth (3.5%) summer intervals. Indeed, these 
mortality rates several years after planting are similar 
to annual mortality observed across all ages and size 
classes of street trees in Philadelphia (3.7%)(Bigelow 
et al. 2024) and Cambridge, Massachusetts, USA 
(3.6%)(Boukili et al. 2017). Therefore, heightened 
mortality may be most pronounced in the first two 
years after planting. Accordingly, managers might con-
sider interventions to boost street tree survival during 
the first two years, when trees are most vulnerable.

In our study, the variables that predicted survival 
in most models were: (1) level of impervious surface; 
(2) social vulnerability; and (3) planting season. The 
level of impervious surface was the only significant 
predictor of survival for the model concerning plant-
ing to first summer, and this variable was included in 
most other models. Previous research has similarly 
found that trees surrounded by higher levels of imper-
vious surface were more likely to experience mortality, 
as well as slower growth, lower health, and heightened 
heat stress (Sanders and Grabosky 2014; Scharen-
broch et al. 2017; Bigelow et al. 2024). Street tree stress 
in highly paved sites also relates to limited water 
availability (Schütt et al. 2022). Given the generally 
high levels of impervious surfaces surrounding the 
trees in our study (median 95.9%)(Table 2), strategic 
site alterations could be implemented to promote tree 
survival. Arborists and landscape designers have 
developed various strategies to enhance biophysical 
growing conditions, including structural soils, biochar 
or compost amendments, and permeable pavers 
(Morgenroth et al. 2013; Mullaney et al. 2015; Somer-
ville et al. 2020; Scharenbroch et al. 2022). These 
strategies were not used for the street trees in our 
study due to lack of funds. Budgets for planting ini-
tiatives in the USA are used mostly for purchasing 

Roman et al: Virtually Tracking Tree Survival
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maintenance was not well explored in the present 
study. We used available information about Tree Ten-
ders groups to generate a variable for group activity 
level, and higher activity was only significantly related 
to survival for one model (planting to fourth sum-
mer)(Table 5). We conclude that Tree Tenders group 
activity level is not likely representing maintenance 
and may be a proxy for other unmeasured neighbor-
hood effects. As with research on soil and site 

in East Palo Alto, California, USA, due in part to 
investments in maintenance through a paid youth 
internship program alongside arboricultural expertise 
in species selection and installation (Roman et al. 2015). 
In another example, young street trees in Holyoke, 
Massachusetts, USA, had higher survival in compar-
ison to yard trees, largely due to seasonal local staff 
and foresters carrying out irrigation for the street 
trees (Breger et al. 2019). However, the role of 

Table 5. Logistic regression results for tree survival from planting to summers 1 through 4. Separate models were constructed 
for survival from 1 to 4 summers postplanting, respectively. Sample size for each model reflects the number of observations 
available for that time period (Table 3). Area under curve measures model performance. AUC (area under curve); Std (standard); 
CI (confidence interval).

Variables Estimate Std Error Z-value P Odds ratio estimate (95% CI)

Survival from planting to 1st summer (n = 2,850; AUC = 0.56)

Intercept 3.661 0.455 8.051 < 0.0001 38.903 (15.956 to 94.856)

Impervious surfaces –0.013 0.005 –2.586 0.0097 0.987 (0.978 to 0.997)

Survival from planting to 2nd summer (n = 1,856; AUC = 0.61)

Intercept 3.564 0.492 7.248 < 0.0001 35.318 (13.472 to 92.590)

Spring planting –0.404 0.141 –2.861 0.0042 0.667 (0.506 to 0.880)

Low-medium drought tolerance 0.304 0.143 2.130 0.0332 1.355 (1.025 to 1.792)

Impervious surfaces –0.011 0.005 –2.182 0.0291 0.989 (0.979 to 0.999)

Social vulnerability –0.991 0.289 –3.423 0.0006 0.371 (0.211 to 0.655)

Survival from planting to 3rd summer (n = 1,290; AUC = 0.66)

Intercept 4.383 0.543 8.074 < 0.0001 80.094 (27.64 to 232.12)

Spring planting –0.648 0.147 –4.409 < 0.0001 0.523 (0.392 to 0.698)

Impervious surfaces –0.017 0.006 –3.046 0.0023 0.983 (0.973 to 0.994)

Social vulnerability –1.635 0.299 –5.472 < 0.0001 0.195 (0.109 to 0.350)

Survival from planting to 4th summer (n = 678; AUC = 0.65)

Intercept 2.531 0.336 7.535 < 0.0001 12.566 (6.506 to 24.272)

Spring planting –0.434 0.192 –2.262 0.0237 0.648 (0.445 to 0.944)

Low-medium drought tolerance 0.474 0.209 2.270 0.0232 1.607 (1.067 to 2.420)

Low Tree Tender group activity –0.203 0.294 –0.690 0.4905 0.817 (0.459 to 1.452)

Medium Tree Tender group activity –0.702 0.239 –2.940 0.0033 0.496 (0.310 to 0.791)

Social vulnerability –1.413 0.393 –3.592 0.0003 0.243 (0.113 to 0.526)

Medium mature size –0.503 0.265 –1.897 0.0579 0.605 (0.360 to 1.017)

Small mature size –0.079 0.321 –0.246 0.8055 0.924 (0.493 to 1.734)
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Tenders program in Philadelphia, it seems that the 
timing of Spring plantings is not ideal. Spring plant-
ings in this program have historically occurred the 
weekend after Arbor Day, which is the last Friday in 
April. Urban forestry advisors from Pennsylvania 
State University and Cornell University assert that 
Spring bare root plantings should occur early in the 
spring before buds burst (Buckstrup and Bassuk 
2003; Jackson 2023). Although the April timing may 
be acceptable for areas of New England in the USA 
with long, cold winters, local leading arborists in 
Philadelphia consider early March to be more suitable 
timing for bare root plantings in this area (J. Lubar, 
personal communication, 2025 January 15). However, 
such timing may be logistically impractical for PHS 
staff due to their organization running the Philadel-
phia Flower Show in early March, a major event which 
is “the nation’s largest and oldest indoor flower show” 
(Crimmins 2024). In light of these logistical challenges, 
spring planting could prioritize taxa like Amelanchier 
spp. and Gleditsia spp. that perform relatively well 
when planted in spring (Table 4). Notably, PHS plant-
ings in Spring 2025 occurred in early April, and it 
remains to be seen if this timing change impacts tree 
survival. The timing of optimal planting may con-
tinue to shift due to climate change, making it 

alterations, there is a need for return-on-investment 
studies of establishment maintenance, including quan-
tifying the intensity, frequency, duration, and extent 
of maintenance (Vogt et al. 2015a). Recent urban for-
est plans and a literature review have stressed that 
maintenance is deeply tied to equity and community 
perceptions (Myers et al. 2023; PPR 2023; City of 
Oakland 2024), yet postplanting tree care is not gen-
erally well-funded in the USA (Eisenman et al. 2022), 
making it imperative to evaluate the direct impacts of 
maintenance on trees and residents to inform policy 
and management. Such evaluations would require field 
observations, resident surveys, and/or administrative 
records that were outside the scope of our virtual 
monitoring methods, demonstrating one limitation of 
virtual data collection.

We found that trees planted in the Fall were more 
likely to survive compared to trees planted in the 
Spring. Past research has also found a relationship 
between planting season and establishment survival, 
but results have not been consistent (Hilbert et al. 
2019), which may relate to regional climate differ-
ences, variation in the exact timing of planting within 
a given season, or potentially species-specific and 
stock-specific tolerances for planting timing. For the 
bare root tree stock planted through the PHS Tree 

Table 6. Logistic regression results for tree survival from one summer to the next. Separate models were constructed for surviv-
al from year 1 to year 2 and from year 2 to year 3, respectively. Sample size for each model reflects the number of observations 
available for that time period (Table 3). Area under curve measures model performance. AUC (area under curve); Std (standard); 
CI (confidence interval).

Variables Estimate Std Error Z-value P Odds ratio estimate (95% CI)

Survival from 1st summer to 2nd summer (n = 1,714; AUC = 0.67)

Intercept 5.197 0.826 6.292 < 0.0001 180.659 (35.796 to 911.774)

Spring planting –0.516 0.216 –2.392 0.0168 0.597 (0.391 to 0.911)

Low-medium drought 
tolerance 0.564 0.213 2.649 0.0081 1.758 (1.158 to 2.670)

Impervious surfaces –0.016 0.008 –1.861 0.0627 0.984 (0.968 to 1.001)

Social vulnerability –1.528 0.457 –3.343 0.0008 0.217 (0.089 to 0.532)

Survival from 2nd summer to 3rd summer (n = 1,084; AUC = 0.68)

Intercept 7.714 1.542 5.002 < 0.0001 2,239.35 (108.99 to 46,009.80)

Impervious surfaces –0.003 0.016 –2.138 0.0325 0.967 (0.938 to 0.997)

Social vulnerability –2.088 0.715 –2.918 0.0035 0.124 (0.031 to 0.504)

Roman et al: Virtually Tracking Tree Survival
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imperative to consider local climate patterns as well 
as stock dormancy signs in deciding when to plant.

When drought tolerance was significant (in 3 mod-
els), it was opposite of our expected direction; trees 
with low to medium drought tolerance were more 
likely to survive. We are uncertain how to explain this 
finding, which contradicts other street tree research 
in the same city (Bigelow et al. 2024), and with 
broader understandings of street tree planting sites as 
being water limited (Vico et al. 2014), thus making 
drought tolerant taxa more amenable to street tree 
settings. It is possible that the particular species in the 
drought tolerance categories had other traits that were 
related to survival, or that the drought tolerance cate-
gories we used were too coarse. Other measures, such 
as leaf turgor loss (Sjöman et al. 2018), would enable 
more direct evaluation of tree physiology and drought 
tolerance. Additionally, while our analysis was focused 
on mortality status and derived from virtual monitor-
ing of SV imagery, field data on shoot extension, crown 
vigor, and soil conditions would enable more fine-
grain assessment of tree health and growth during 
establishment (Levinsson et al. 2017; Scharenbroch 
et al. 2017; Breger et al. 2019).

CONCLUSION
Tree survival and mortality data is critical to evaluate 
planting programs and accurately estimate benefits 
based on empirical data (Ko et al. 2015). Our study 
demonstrates the value of SV image interpretations 
to provide mortality data on street trees planted 
through a local program over multiple years. Having 
(nearly) all trees from each planting year being 
tracked makes this study unique compared to other 
studies that tracked samples of planted trees. Consis-
tent with past research, we found that tree survival 
was related to level of impervious surface, socioeco-
nomic characteristics, and planting season. These 
findings have management ramifications pertaining 
to planting site modifications, equity in planted tree 
performance, and the timing of planting events. 
There is potential for scaling up our approach using 
machine learning approaches to track street tree sur-
vival across multiple cities and to determine whether 
the patterns we observed hold in other biophysical, 
socioeconomic, and institutional contexts.
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Résumé. Contexte: La plantation d’arbres d’alignement est 
courante dans les programmes de verdissement urbain et ces 
arbres fournissent des services écosystémiques importants qui 
s’accroissent à mesure que les arbres atteignent leur maturité. Le 
suivi de terrain visant à connaître les taux et les causes de mor-
talité est précieux pour la gestion des forêts urbaines, mais il 
nécessite beaucoup de temps. Méthodes: Nous avons utilisé des 
vues réalisées au niveau de la rue pour surveiller virtuellement 
la survie de 2 884 arbres de rue pendant plusieurs années suivant 
leur plantation à Philadelphie, Pennsylvanie, aux États-Unis. 
Résultats: Nous avons constaté des taux de mortalité similaires 
à ceux d’autres études, avec 7,5% des arbres morts ou enlevés au 
cours du premier été suivant la plantation, puis un taux de mor-
talité diminuant à 3,5% entre le troisième et le quatrième été sui-
vant la plantation. Des modèles de régression logistique ont été 
élaborés selon différents horizons temporels afin de comprendre 
quelles caractéristiques du site, du quartier et de l’espèce étaient 
liées aux résultats en matière de survie. Ces modèles ont montré 
qu’une survie plus élevée des arbres était associée à une surface 
imperméable moins étendue autour de l’arbre, à une vulnérabi-
lité sociale moindre dans le quartier et à une plantation autom-
nale d’arbres plutôt qu’au printemps. Conclusions: Nos résultats 
identifient des mesures de gestion susceptibles d’améliorer les 
taux de survie, telles que l’amélioration des sites de plantation et 
l’entretien des jeunes arbres, ainsi que l’utilisation des données 
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der Auswertung von Straßenbildern für die Bereitstellung von 
Mortalitätsdaten zu einer großen Anzahl von Straßenbäumen, 
die über mehrere Jahre hinweg gepflanzt wurden.

Resumen. Antecedentes: La plantación de árboles en las 
calles es común en los programas de forestación urbana, y estos 
árboles proporcionan importantes servicios ecosistémicos que 
aumentan a medida que alcanzan la madurez. El monitoreo de 
campo para comprender las tasas de mortalidad y sus causas es 
valioso para la gestión forestal urbana, pero requiere mucho 
tiempo. Métodos: Utilizamos imágenes a nivel de calle para 
monitorear virtualmente la supervivencia de 2884 árboles en las 
calles durante varios años después de su plantación en Filadel-
fia, Pensilvania, Estados Unidos. Resultados: Observamos tasas 
de mortalidad similares a las de otros estudios: el 7.5 % de los 
árboles murieron o fueron retirados durante el primer verano 
tras la plantación, y la tasa de mortalidad descendió al 3.5 % 
entre el tercer y el cuarto verano tras la plantación. Se con-
struyeron modelos de regresión logística en varios horizontes 
temporales para comprender qué características del sitio, el 
vecindario y las especies se relacionaban con los resultados de 
supervivencia. Estos modelos mostraron que una mayor super-
vivencia de los árboles se asoció con una superficie menos 
impermeable alrededor del árbol, una menor vulnerabilidad 
social en el vecindario y la plantación de árboles en otoño en 
lugar de primavera. Conclusiones: Nuestros resultados apuntan 
a actividades de manejo que podrían mejorar los resultados de 
supervivencia, como la mejora de los sitios de plantación y el 
mantenimiento del establecimiento, y el uso de datos de moni-
toreo para tomar decisiones sobre la temporada de plantación. 
Este estudio demuestra el valor de las interpretaciones de imá-
genes a nivel de calle para proporcionar datos de mortalidad 
sobre una gran cantidad de árboles urbanos plantados durante 
varios años.

de suivi afin de guider les choix concernant la saison de planta-
tion. Cette recherche démontre l’intérêt pour l’interprétation de 
vues effectuées au niveau de la rue afin de fournir des données 
sur la mortalité d’un grand nombre d’arbres d’alignement plan-
tés au long de plusieurs années.

Zusammenfassung. Hintergrund: Die Anpflanzung von 
Straßenbäumen ist in städtischen Begrünungsprogrammen weit 
verbreitet, und diese Bäume leisten wichtige Ökosystemdien-
stleistungen, die mit zunehmendem Alter der Bäume noch an 
Bedeutung gewinnen. Feldbasierte Überwachungen zur Ermit-
tlung der Sterblichkeitsraten und -ursachen sind für die städ-
tische Waldbewirtschaftung sehr wertvoll, aber auch sehr 
zeitaufwendig. Methoden: Wir haben Straßenbilder verwendet, 
um das Überleben von 2.884 Straßenbäumen über mehrere 
Jahre nach der Pflanzung in Philadelphia, Pennsylvania, USA, 
virtuell zu überwachen. Ergebnisse: Wir beobachteten ähnliche 
Sterblichkeitsraten wie in anderen Studien: 7,5% der Bäume 
waren im ersten Sommer nach der Pflanzung abgestorben oder 
wurden entfernt, und die Sterblichkeitsrate sank zwischen dem 
dritten und vierten Sommer nach der Pflanzung auf 3,5%. Es 
wurden logistische Regressionsmodelle über verschiedene Zeitho-
rizonte erstellt, um zu verstehen, welche Standort-, Nachbarschafts- 
und Artenmerkmale mit den Überlebensraten zusammenhängen. 
Diese Modelle zeigten, dass eine höhere Überlebensrate der 
Bäume mit weniger undurchlässigen Oberflächen in der Umge-
bung der Bäume, einer geringeren sozialen Vulnerabilität in der 
Nachbarschaft und einer Baumpflanzung im Herbst im Gegen-
satz zum Frühjahr verbunden war. Schlussfolgerungen: Unsere 
Ergebnisse weisen auf Managementmaßnahmen hin, die die 
Überlebensrate verbessern könnten, wie z. B. die Verbesserung 
der Pflanzorte und die Pflege der Anpflanzungen sowie die Ver-
wendung von Überwachungsdaten als Grundlage für Entschei-
dungen bezüglich der Pflanzsaison. Diese Studie zeigt den Wert 
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