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Abstract

Accurate characterization of wood properties is important for informing urban forestry science, policy and management
related to carbon cycling, ecosystem services modeling, and wood utilization. In this study, urban wood samples were col-
lected and analyzed for basic specific gravity (SG) and ash content (AC), two important wood properties that inform biomass
estimation and potential for biofuel feedstocks. Samples were collected in Baltimore, Maryland, USA across four urban site
types from seven tree species commonly planted in urban settings. Results were compared with published values for forest-
grown trees and from a previous study of urban stump wood. Site type comparisons yielded some significant differences.
Siberian elm trees in tree pits had higher SG than those grown in unrestricted sites. Ash species and Siberian elm had highest
AC in trees grown in lawn strips, while red maple AC was lowest in lawn strip trees. Consistent with previous work, results
suggest that urban SG and AC may be higher than published values from forest-grown trees, but this depends on species and
site type. Although data collection is logistically challenging, further work is needed to increase sample sizes and expand

the number of species characterized to better support modeled estimates from urban tree inventories.
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Introduction

Urban trees have the potential to provide all major types
of ecosystem services, from biofuels (provisioning) to cli-
mate regulation (regulating) to sense of place (cultural) to
photosynthesis (supporting). Accurate assessment of many
of these services relies upon knowledge of urban tree physi-
ology and of wood properties in particular, which may be
different from those of rural, forest-grown trees (Westfall
et al. 2020). In this study, we investigate two important wood
properties of urban trees, specific gravity (SG) and ash con-
tent (AC), which have implications for accurate estimation
of urban tree biomass, carbon, and potential for bioenergy
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utilization. Wood SG impacts the amount of biomass and
carbon storage per unit volume of urban wood tissue. It is
also considered the most important wood property for both
solid wood and fiber products, impacting both yield and
quality (Zobel et al. 1995). Ash content is a wood property
that influences furnace operational efficiency and mainte-
nance in a bioenergy utilization context (Shao et al. 2012), a
topic which is receiving increased attention in urban forestry
operations (Joshi et al. 2015).

Major urban forestry assessment tools (e.g., i-Tree; USDA
Forest Service Forest Inventory and Analysis) are increas-
ingly widespread and are often seen as essential for mak-
ing policy arguments about the value of urban trees (Edgar
et al. 2021). However, there remains a lack of knowledge
about the degree to which the urban environment impacts
tree growth and physiology and associated ecosystem ser-
vices across a range of urban site types (e.g., street tree pits,
lawn strips, residential yards, open parkland, forest patches).
Depending on the site type, surrounding land use, and man-
agement activities, urban tree form and growth rates may
be positively or negatively affected by pollution, nutrients,
water availability, and urban heat island effects (Calfapietra
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et al. 2015; Smith et al. 2019; Reinmann et al. 2020), with
potential impacts on wood properties.

Little is known about the differences in wood properties
between urban trees and rural, forest-grown trees. It is not
clear whether or how wood SG values should be altered for
estimates of aboveground biomass for trees growing in dif-
ferent urban site types, and more research is needed to deter-
mine under which conditions urban wood properties differ
from published values available for trees in rural settings.
Despite this uncertainty, assessments of urban wood bio-
mass typically use models developed for rural forest-grown
trees (e.g., MacFarlane 2009; Nowak et al. 2019), sometimes
with ad-hoc adjustment factors that have mixed support in
the literature (McHale et al. 2009; Tanhuanpéi et al. 2017).

Urban trees may grow faster than their rural counterparts
in both forested and open-grown settings (Pretzsch et al.
2017; Sonti et al. 2019), but it is unclear how this interacts
with other factors to impact wood properties such as SG.
Sonti et al. (2019) found that latewood proportion in white
oak (Quercus alba) trees in urban forest patches increased
over time relative to that of rural forest trees, suggesting
that the differences between urban and rural wood properties
are not static. Although not characteristic of all urban trees,
open-grown trees are known to have larger, more complex
crowns, and greater trunk taper. They allocate the largest
portion of their aboveground biomass to branches, while
forest trees have narrower crowns and allocate more mass
to stems (Zhou et al. 2015; MacFarlane and Kane 2017). In
one study, the trunk SG of open-grown trees in agricultural
shelterbelts was found to be greater than the trunk SG of
forest-grown trees (Zhou et al. 2011).

Urban wood waste is used as feedstock for bioenergy
generation, with high AC feedstocks typically having nega-
tive impacts on the performance of established combustion-
based operations (Miles et al. 1996; Vassilev et al. 2017)
and more modern gasification systems that offer combined
heat and power (Oveisi et al. 2018). Urban wood waste can
include construction debris, so not all AC values in the lit-
erature are relevant to the AC values for wood waste gener-
ated by the removal of urban trees.

In a previous study, Westfall et al. (2020) assessed the
SG and AC values of wood from urban tree stumps of nine
hardwood tree species grown in Baltimore, Maryland, USA.
In four species, SG was higher in the urban trees than in
tabulated values for forest-grown trees, and in one species
SG was lower in the urban trees. Ash content of urban trees
was generally higher than published values for forest-grown
trees. However, stumps are not an ideal representation of
wood properties, which are better represented by sampling
along the merchantable stem. Here, we investigate SG and
AC of urban trees using wood samples collected at breast-
height (1.37 m) from seven native and one non-native tree
species across a variety of site types in Baltimore.
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Methods
Data collection

A street and park tree inventory obtained from Baltimore
City’s Forestry Division (City of Baltimore 2021) was
used to determine the most commonly occurring tree spe-
cies. Inventory data were collected by an independent
contractor for the City of Baltimore during 2017-2018,
and include all live and dead street trees and trees in land-
scaped park areas. Subsequently, records for public-prop-
erty trees marked for removal were obtained from the Bal-
timore City Forestry Division and permission was granted
to sample these trees. Tree species selected for sampling
included those that were among the most commonly found
in the inventory and were also most frequently marked
for removal. Although the trees marked for removal were
hazardous, declining, or anticipated to decline (e.g., Fraxi-
nus spp.), every effort was made to avoid decaying wood.
Sampled species included: American elm (Ulmus ameri-
cana L.), ash species (Fraxinus spp.), pin oak (Quercus
palustris Miinchh.), red maple (Acer rubrum L.), Siberian
elm (Ulmus pumila L.), silver maple (Acer saccharinum
L.), and sugar maple (Acer saccharum Marsh.). Fraxinus
pennsylvanica Marsh. and Fraxinus americana L. are com-
monly found throughout Baltimore City; however, since
differentiation of the two species was not possible from the
wood alone, these trees are identified together as Fraxinus
spp. The listing of tree removals was used to select sample
trees based on species of interest, diameter at breast height
(DBH) of at least 10 cm, and planting site type. When pos-
sible, samples of each species were collected from trees
growing in tree pits, lawn strips, and open/unrestricted
planting sites (Roman et al. 2020). Additionally, ash trees
were sampled from three closed-canopy forest sites within
Baltimore City.

The DBH of each sample tree was measured using a
diameter tape (Table 1). Each of these trees was cored at
this height with a 12 mm diameter increment borer in the
presumed direction of the tree center. In some instances,
the core reached and included pith, but more often the core
passed to one side of the tree center or was too short to
reach the center. The extracted cores were wrapped in alu-
minum foil to keep them in the green (swollen) condition.
We chose a 12 mm diameter borer (rather than 5 mm) to
minimize wood compression during core extraction (Wal-
ters and Bruckmann 1964) and to provide a larger volume
of material for the analysis of 1-cm segments. In addi-
tion, the larger borer size was necessary to provide enough
material to conduct the AC analysis.

Wood identifications conducted at the laboratory were
done to verify the species of the wood samples. Laboratory
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Table 1 Summary statistics for samples from seven tree species growing in Baltimore, MD, USA. n refers to the number of trees sampled; n

indicates total number of core segments per species

Species Growing condition n ns Core segments per tree DBH (cm)
Min Mean Max Min Mean Max

American elm (Ulmus americana L.) Open-Grown 11 215 11.4 29 26.7 60.5 94.5
Ash spp.? (Fraxinus spp.) Forested 20 286 5 8.9 25 12.7 38.4 574
Ash spp.? (Fraxinus spp.) Open-Grown 27 454 8 9.9 34 20.6 53.0 105.4
Pin oak (Quercus palustris Miinchh.) Open-Grown 20 455 18 12.1 29 39.6 69.0 115.8
Red maple (Acer rubrum L.) Open-Grown 27 445 9 9.3 23 20.3 45.1 71.1
Siberian elm (Ulmus pumila L.) Open-Grown 10 179 8 10.2 25 18.3 54.0 76.2
Silver maple (Acer saccharinum L.) Open-Grown 17 373 6 12.8 35 35.6 73.2 106.2
Sugar maple (Acer saccharum Marsh.) Open-Grown 17 224 8 7.6 20 15.2 37.5 69.3

 Fraxinus americana L. or Fraxinus pennsylvanica Marshall

analyses began with removing any bark that might be pre-
sent, then marking each green core into one cm segments
beginning from the outermost wood. Using a utility knife,
each core was then cut into 1-cm segments to the pith, to
the core end when the core was too short to reach the pith,
or to the point where a core reached or passed the pith.
Following the method described in Williamson and Wie-
mann (2010), the weight of water displaced by each green
segment was determined by water submersion at the end
of a “volumeless” teasing needle. A small beaker of water
was placed on a balance, tared, the segment at the end of
the teasing needle was submerged, and the weight of water
displaced was recorded. The segments were placed in a
convection oven set at 103 °C and weighed until they no
longer lost weight. The basic specific gravity (SG) for each
segment was calculated by dividing the oven dry weight of
each sample by the weight of water displaced.
Subsequently, segments from each core were combined
to provide the minimum material (2 g) required for each
individual AC analysis, and with the objective of having
at least duplicate AC determinations per tree. Core lengths
were compared to the corresponding DBH values and it was
observed that the majority of the core lengths encompassed
2/3 of the tree pith-to-bark radius or more. Accordingly,
those core segments representing up to 2/3 the radius from
the bark end were pooled to give a single wood sample per
tree. Core segments were split into smaller pieces with an
anvil pruning shears and then ground into a meal using a
Retsch centrifugal mill (ZM 200) equipped with a 1 mm
mesh screen. Wood meals were partitioned into ca. 2 g ali-
quots that were submitted for analysis at the Soil and Forage
Analysis Lab (University of Wisconsin, Madison) as rand-
omized individual samples. Combustion of the samples in
a muffle furnace was carried out at 550 °C for 3 h, yielding
a gray ash that was weighed; values for AC reported by the
contract lab were on a dry wood basis. Ash content for two
trees was unobtainable due to issues with wood integrity.

Additionally, 3 observations were removed as extreme outli-
ers based on expert opinion. Finally, 13 outliers were also
deleted based on values being outside 3 standard deviations
from the mean for each species/environment combination.
These values were assumed to result from mistakes in labo-
ratory measurements.

Specific gravity analysis

When there is no bark-to-pith variation, any segment along
a core, or the complete core, can be used to estimate aver-
age SG. Otherwise, a weighted average of the individual
segment SGs must be taken because the wood volume rep-
resented by a core segment varies with the square of its dis-
tance from the pith. For a symmetrical stem, when SG varies
as a straight-line function of distance from pith, its value at
one-third the distance inside the bark (DIB) to the pith is an
unbiased estimate of the SG of the entire radius (William-
son and Wiemann 2010). However, one-third of the distance
from the bark to the pith can only be known if the location
of the pith is known, and in a standing tree this can only be
ascertained by using a core that reaches the pith.

The data used in this study generally exhibited linear
trends along the core, however the cores did not always con-
tain the pith so the one-third distance was often unknown.
Thus, wood specific gravity estimates were obtained using
a mixed effects modeling approach that accounts for inter-
tree specific gravity trends between the bark and the pith
as well as correlations among within-core observations.
The analyses were conducted by species (with separation of
open-grown and forested environments for ash trees) using
the model specification:

SGy = (u+31;) + (v + Do) RDy + @ + €5 (1)

SG; is the specific gravity for core segment j within
tree i located in site type k and weighted by wood

@ Springer



122 Page 4 of 9

Urban Ecosystems (2025) 28:122

cross-sectional area w ;= (D;/2- a’ijk)2 where d; is the
distance (cm) from bark of core section j in tree i in site
type k, D;;, (cm) is the diameter-at-breast height of tree i
in site type k, RD,; is relative distance from bark to pith
as determined by RD; =d;;/(Dy/2), @, is the effect of
planting site type k, @,,; (m= 1,2) are predicted random
effect parameters having distributions of @,,; ~ N(O, 0'31)’
u and y are estimated fixed effects coefficients, and the
€, are spatially auto-regressive correlated errors where
the within-core correlations decrease with increasing dis-
tance between segments. A cross-sectional area weighting
scheme would normally include the core section width
and inclusion of & for calculations on an area basis. How-
ever, since both of these are constants in this analysis,
their lack of inclusion has no effect on the results.

The formulation of model [1] serves two primary pur-
poses: 1) to estimate the mean specific gravity for each
species, and 2) to evaluate whether specific gravity is
affected by the planting site type. Because the design is
unbalanced (unequal replication among site types) and
statistical inferences are desired, marginal means based
on model [1] provide the basis for reporting results (Cai
2014). For example, in this study the specific gravity for
a species is the mean of the site type averages evalu-
ated at the mean of the RD ;. Calculation of the standard
errors involves complex calculations that are beyond the
scope of this paper. Readers interested in further study
of this aspect are guided to Stroup et al. (2018). Tests for
differences among site types were performed at the 95%
confidence level with multiple comparison adjustments
based on the Tukey (1949) method with modification to
account for unequal sample sizes (Kramer 1956; Games
and Howell 1976).

Ash content analysis

Analyses of AC proceeded in a manner similar to that for SG
(by species with separation of urban and rural environments
for ash species). However, there was no spatial component
to be considered due to the mixing of core segment wood in
the grinding process. Thus, the model specification is sim-
plified to accounting for the overall species mean as well as
the effect of site type:

ASHy = (u+@;) + o + € 2

where ASH;;, is the AC for wood sample j within tree i in
site type k, p is an estimated fixed effects parameter, @; is a
predicted random effect parameter having a distribution of
@; ~ N(0,6?%), @, is the effect of planting site type , and
the €, are assumed equally correlated errors among the j
wood samples within tree i in site type k. Tests for differ-
ences in ash content proportion among site types proceed as

described for SG above.

Results
Specific gravity

Mean SG values and their standard errors by species and
urban site type are shown in Table 2. For trees growing in
open-grown site types, the SG range varied from 0.486 for
Siberian elm to 0.606 for ash species. Comparisons of urban
SG results for species previously analyzed in Westfall et al.
(2020) show identical estimates for pin oak, slightly smaller
results for red maple (—0.022) and sugar maple (—0.022),

Table 2 Mean specific gravity (SG) values and their standard errors by species and growing condition. Previously published SG values are given

for comparative purposes

Species Growing condition Mean SG Standard error Wood Hand- Prior urban
book SG stump
values®
American elm (Ulmus americana L.) Open-Grown 0.527 0.033 0.46¢ 0.524
Ash spp.? (Fraxinus spp.) Forested 0.567 0.025 0.54% -
Ash spp.? (Fraxinus spp.) Open-Grown 0.606 0.017 0.54% 0.584
Pin oak (Quercus palustris Miinchh.) Open-Grown 0.561 0.010 0.58¢ 0.561
Red maple (Acer rubrum L.) Open-Grown 0.537 0.015 0.49°¢ 0.559
Siberian elm (Ulmus pumila L.) Open-Grown 0.486 0.016 0.537¢ -
Silver maple (Acer saccharinum L.) Open-Grown 0.526 0.021 0.44°¢ 0.484
Sugar maple (Acer saccharum Marsh.) Open-Grown 0.602 0.023 0.56° 0.624

# Fraxinus americana L. or Fraxinus pennsylvanica Marshall
® Average of Fraxinus americana and Fraxinus pennsylvanica
¢ Forest Products Laboratory (2021)

dCheng et al. (1992)

“Westfall et al. (2020)
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and larger values for silver maple (+ 0.042) and ash species
(4 0.022). The results of this study also included ash species
growing in urban forested conditions, which had an SG of
0.567 (0.039 smaller than that of urban open-grown ash spe-
cies). Due to the level of variability present (standard errors
~ 0.02), a statistical test of difference between SG of urban
open-grown and urban forest-grown ash species found no
significant difference was present (p-value =0.207). Simi-
lar comparisons with published SG values from the Wood
Handbook (Forest Products Laboratory 2021), which are
from forested environments, provide divergent outcomes
with higher urban open-grown SG for American elm, ash
species, red maple, silver maple, and sugar maple, but lower
urban open-grown SG for Siberian elm (Cheng et al. 1992)
and pin oak. Prior SG values assessed from urban tree stump
wood in Baltimore (Westfall et al. 2020) show fairly good
agreement with this study, with a particularly notable result
being identical values for pin oak (0.561).

Within-species comparisons of SG among urban site
types revealed only one statistically significant difference,
which was between unrestricted and tree pit site types
for Siberian elm trees (Fig. 1; Table S1). Ash species SG
showed a similar pattern; however, the Tukey adjustment
caused the p-value (0.098) to exceed 0.05.

Ash content

Mean AC percentages for all species were less than
1.0, with the exception of Siberian elm where a much
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larger result of 2.617 was realized (Table 3). Excluding
Siberian elm, the AC percentages for trees located in
urban environments ranged from 0.638 (red maple) to
0.973 (pin oak). Wood from ash species found in urban
forested settings had a mean AC percentage of 0.548,
which was 0.239 smaller than that of urban open-grown
ash species. The statistical test for differences between
wood AC of ash species in urban forest and open-grown
site types was non-significant at the 95% confidence
level (p-value =0.159). Comparison with our previously
reported AC values from urban stump wood show vary-
ing levels of agreement, with a result of particular note
being exact agreement in pin oak AC of 0.973 (Westfall
et al. 2020).

Tests for AC differences among site types revealed
four statistically significant results after the multiple
comparison adjustment (Fig. 2; Table S2). For ash spe-
cies, both lawn strip vs. forest and lawn strip vs. unre-
stricted site types exhibited differences in AC where the
lawn strip value exceeded both the forest and unrestricted
values by 0.697 and 0.677, respectively. Differences
between lawn strip and tree pit site types were found for
both red maple and Siberian elm trees, with lawn strip
having the smaller value (—0.220) for red maple but hav-
ing the larger value (2.377) for Siberian elm. A result
of secondary interest was the marginally non-significant
(p-value = 0.054) difference between unrestricted and
tree pit site types for Siberian elm.

a
ab
b .

Site Type

. Tree Pit

- Lawn Strip

. Unrestricted
Forest

Siberian EIm Silver Maple Sugar Maple

Fig. 1 Wood specific gravity by species and site type. Bars depict mean values +one standard error of the mean. Letters show significant differ-

ences between site types within a species (adjusted p-value less than 0.05)
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Table 3 Mean ash content (AC) percentages and their standard errors by species and growing condition. Previously published AC values are

given for comparative purposes

Species Growing condition Mean SG Standard error Wood hand- Prior urban
book SG stump
values®
American elm (Ulmus americana L.) Open-Grown 0.527 0.033 0.46° 0.524
Ash spp.* (Fraxinus spp.) Forested 0.567 0.025 0.54% -
Ash spp.? (Fraxinus spp.) Open-Grown 0.606 0.017 0.54% 0.584
Pin oak (Quercus palustris MAVanchh.) Open-Grown 0.561 0.010 0.58¢ 0.561
Red maple (Acer rubrum L.) Open-Grown 0.537 0.015 0.49°¢ 0.559
Siberian elm (Ulmus pumila L.) Open-Grown 0.486 0.016 0.537¢ -
Silver maple (Acer saccharinum L.) Open-Grown 0.526 0.021 0.44°¢ 0.484
Sugar maple (Acer saccharum Marsh.) Open-Grown 0.602 0.023 0.56° 0.624
? Fraxinus americana L. or Fraxinus pennsylvanica Marshall
b Average of Fraxinus americana and Fraxinus pennsylvanica
¢ Forest Products Laboratory (2021)
dCheng et al. (1992)
“Westfall et al. (2020)
Fig.2 Wood ash content by b
species and site type. Bars
depict mean values +one 41
standard error of the mean.
Letters show significant differ-
ences between site types within =
ies (adjusted p-value less & 31 £ ;
a species (adju, p g Site Type
than 0.05) o
Q B rree Pit
E )] . Lawn Strip
g a . Unrestricted
@)
e b Forest
(2]
<C ab,
11 a
a, b ab
L
0
American EIm Ash Species Pin Oak Red Maple Siberian EIm Silver Maple Sugar Maple
Species
Discussion Compared to a previous study of urban stump wood prop-

Urban wood properties are relatively unstudied and are
difficult to assess, but improved knowledge is critical to
our understanding of the value of urban trees in ecosystem
service provisioning. Here, we found that five commonly
planted urban tree species had higher mean wood SG than
previously known values from rural trees, while two spe-
cies had lower values. This is similar to findings that urban
tree allometry varies inconsistently from rural forest tree-
derived relationships (McHale et al. 2009). Combined,
these findings make it difficult to apply a general correc-
tion factor to urban-grown trees, but suggest that current
models may be underestimating urban forest biomass.

@ Springer

erties, we found similar values for many species, with pin
oak notably having the exact same value for mean SG and
AC in both studies (Westfall et al. 2020). Values calculated
from wood at 1.37 m were not consistently higher or lower
than stump wood values. Wood properties may be more
highly variable in some species, both within and among
individual trees (Wiemann and Williamson 2012; Fontes
et al. 2022), but these are topics that require more study.
Siberian elm SG was found to be significantly higher in
street trees growing in tree pits compared to those in open
planting sites with unrestricted rooting space, while trees
grown in lawn strips had an intermediate value, and also
generally have an intermediate planting space, with less



Urban Ecosystems (2025) 28:122

Page7of9 122

restrictive impervious cover than tree pits, but more than
unrestricted sites. Although not significantly different,
most other species had higher mean SG in tree pits than
in unrestricted sites. From a practical perspective, there
were several instances where absolute differences in mean
SG between site types exceeded 0.05, however the stand-
ard errors were too large for statistical significance to be
attained. To put this level of difference in perspective, a
change in specific gravity of 0.05 results in a change of 50
kg of biomass per cubic meter of wood. Increased sampling
efforts for some species across site types may be warranted
to further evaluate the robustness of the differences found in
this study. Conversely, red maple mean SG was almost iden-
tical across site types with relatively little variation, which
is consistent with the species’ known ability to acclimate to
a wide range of environmental conditions (Abrams 1998).

Our comparison of ash species SG across individual
open-grown urban site types and urban forested natural areas
was not statistically significant, nor was a comparison of
urban forested natural areas with all open-grown urban site
types combined. However, mean SG of ash species from
open-grown urban site types was higher than that of urban
forested natural areas, which in turn was higher than the
FPL Wood Handbook published value. This suggests that
FPL Wood Handbook values may be more appropriate for
urban trees in natural areas than in highly developed open-
grown settings. In forested ecoregions, a majority of urban
trees (and live woody biomass) are found in forested natural
areas (Pregitzer et al. 2021; Pregitzer et al. 2022). However,
if SG differs between forested and open-grown urban condi-
tions, then using forest-based SG values will result in biased
estimates for citywide biomass calculations.

There is some evidence that environmental site condi-
tions may impact SG and AC, although research on this
topic is limited. Both elevated CO, concentrations and tem-
perature have the potential to modify wood properties under
future climate conditions, though the responses are species-
and age-specific (Kostiainen et al. 2009) and findings of
increased wood density are inconsistent both between and
within species (Kilpeldinen et al. 2003). Temperature and
precipitation have varying relationships with SG (Wiemann
and Williamson 2002, Muller-Landau 2004). Both reduction
in stand density and application of nitrogen and phospho-
rus fertilizer treatments have been found to increase radial
growth and decrease SG in North American conifers (Nyak-
uengama et al. 2002; Filipescu et al. 2014). Similarly, SG of
loblolly pine (Pinus taeda L.) decreases with site index (Jor-
dan et al. 2008). These conditions may be similar to open-
grown urban settings with elevated nutrient deposition rates.
However, many urban areas are dominated by hardwoods,
and while SG is known to decrease with growth rate in some
softwood species, this pattern is not found in diffuse-porous

hardwood tree species, and may even increase some in ring-
porous hardwood species (Zhang 1995).

Compared to other tree components (e.g., leaves, bark),
the AC values of most woods are relatively low, typically
less than 1% (Koch 1985; Vassilev et al 2017). A small
increase in AC can have significant impacts when used as
the feedstock for biofuel operations. By impregnating the
wood with potassium carbonate, Kim et al. (2021) found
that artificially increasing wood AC by only 1% led to a sig-
nificant reduction in bio-oil yield, from 45.7% to 29.9%. We
found that Siberian elm AC differed by 1% or greater among
site types, with lawn strips having the highest and tree pits
having the lowest AC. We also found the AC of ash species
to be significantly higher in lawn strips compared to forested
conditions. Previous studies have found higher AC in trees
subject to urban pollution sources or organic fertilizer, com-
pared to more undisturbed forest sites (Montes et al. 2012,
Krutul et al. 2014). Additionally, AC of sweetgum has been
shown to increase under conditions of elevated CO, due to
higher manganese concentrations needed for increased pho-
tosynthesis (Kim et al. 2015; Eberhardt et al. 2015) and AC
of sugar maples has been found to correlate inversely with
tree vigor (Nguyen et al. 2016). Our mean AC for sugar
maple across all urban site types (0.69%) compares well to
that for weakened trees (0.73%) of the same species (Nguyen
et al. 2016). Tree pits are often found in more densely built
urban environments compared to lawn strips and open/unre-
stricted sites. Tree pits trees may experience greater levels of
pollution and physiological stress (Tan and Shibata 2022),
but this likely depends on additional environmental factors,
including surrounding land use (e.g., transportation, indus-
trial activities) and land management practices (e.g., lawn
fertilization).

Continued study of urban wood properties is critical to
improving models of carbon cycling in urban ecosystems
(Livesley et al. 2016). However, collecting wood samples
from urban trees is time intensive and logistically challeng-
ing, requiring coordination with multiple public and private
landowners, and permission for destructive sampling. In
addition, species selection may be limited to those where
destructive sampling is permitted. Due to the high relative
frequency of occurrence and tree removal for red maple and
ash trees, sample sizes were the largest for these species. We
were able to take advantage of a large number of ash trees in
decline or being proactively removed. Although ash species
may not be as prevalent in urban forests of the future due to
emerald ash borer infestation, the results of our analysis shed
light on patterns in urban wood properties between urban
forest patches and more developed site types.

In this study, we focused primarily on native tree species
with well-known wood properties data for forest-grown indi-
viduals throughout the United States. However, we included
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one common non-native urban tree species, Siberian elm,
with attributes of rapid growth and drought tolerance. Sibe-
rian elm has been the subject of research into its suitability
for biofuel feedstock, and relatively high AC values of 1.65%
(Geyer et al. 1987) and 2.67% (Alesso et al. 2021) have been
reported; however, in both cases the samples also contained
some bark that can be 10 times higher in AC. It remains to
be determined if the relatively high wood AC we observed
for Siberian elm is species-specific or a product of both spe-
cies and the urban growth conditions. Future research into
urban wood properties should include additional common
ornamental species whose wood is commercially important
and which are frequently planted in urban environments of
the U.S. and globally. Continued research into urban wood
properties should expand into additional ecoregions and spe-
cies groups in order to more accurately inform the science
and practice of urban forestry.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11252-025-01735-1.
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