84 Ponce-Donoso et al: Urban Trees and Environmental Variables

Arboriculture & Urban Forestry 2020. 46(2):84-95

ARBORICULTURE
URBAN FORESTRY

Scientific Journal of the

International Society of Arboriculture International Society of Arboriculture

Urban Trees and Environmental Variables:
Relationships in a City of Central Chile

By Mauricio Ponce-Donoso, Oscar Vallejos-Barra,
Benjamin Ingram, and Gustavo Daniluk-Mosquera

Abstract. We identified relationships between ecosystem services provided by trees and environmental variables, including temperature (°C at
ground level and 1.5 m), relative humidity (%), particulate matter (PM,,, maximum and average), noise (dBA), and ultraviolet radiation (UV
at 1.5 m). This study was carried out in Talca, Chile, a mid-sized city. Measurement locations were selected in three areas based along three
main avenues in the center of the city during three different seasons and three different schedules of day, generating 15,515 data in total. In cir-
cular plots, with 8 meter radiuses, measurements were recorded at the center and at a point on the perimeter. A correlation matrix was calculated
and an ANOVA was conducted with canopy cover, schedule of day, and season as variation sources. The results show a high dispersion, and
the correlation matrix that canopy coverage has a weak relationship with variables was studied. The results of the ANOVA showed the least
number of significant differences associated with the canopy cover, schedule of day, and season, which showed significant differences for all
variables. Tree coverage showed significant differences for all variables using the Tukey Test, with the exception of minimum noise. Plots with
greater coverage were associated with increases in the particulate matter and relative humidity and decreases in maximum noise, temperature,
and ultraviolet radiation. During mornings, the highest measurements of particulate matter, noise, and relative humidity were reported, whereas
temperature maximums occurred at mid-day. The results confirm the importance of urban trees, specifically the canopy coverage, in mitigating

negative environmental aspects in urban areas.
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INTRODUCTION
As countries develop economically, the majority of
the population becomes localized in urban areas. This
is principally due to the availability of goods and ser-
vices in these areas that provide a better quality of life
(Escobedo et al. 2014). As well as this, population
growth increases population density, and hence it is
necessary to increase urbanization in terms of both
urban expansion and reconstruction. As a result, cities
are becoming complex systems of heterogeneous
areas with interactions of economic, social, and eco-
logical phenomena. These factors create a dynamic
environment that presents challenges for decision
makers who construct communal areas of coexis-
tence where sustainable development is encouraged
for the development of ecosystem functions and ser-
vices. These functions and services are derived from
chemical (Préndez et al. 2013), biological, and phys-
ical processes (Posada et al. 2009) which are the
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result of natural interactions between biotic and abi-
otic components (De Groot et al. 2002) and provide
explicit value or benefits to the well-being of human
populations.

In the context described above, trees and green
areas in general appear to provide these functions and
ecosystem services in cities (Nowak 2006; Hernan-
dez 2008; Ponce-Donoso et al. 2012; Northrop et al.
2013; Haase et al. 2014; Hamstead et al. 2016; Russo
et al. 2016; Ponce-Donoso et al. 2017; Calquin et al.
2019) by contributing to sustainability from eco-
nomic, environmental, and social perspectives. At the
same time, trees provide ecosystem functions and
services that negatively impact the lives of citizens,
also referred to as disservices (Lyytiméki and Sipild
2009; Escobedo et al. 2011; Delshammar et al. 2015;
Reyes et al. 2018; Speak et al. 2018), that include
allergies, infrastructure destruction, and fallen fruits
and leaves.



Arboriculture & Urban Forestry 46(2): March 2020

85

The concept of the urban forest originated during
the 1960s in North America and during the 1980s in
Europe (Konijnendijk et al. 2005). Cordell et al.
(1984) identified urban forestry in parks or squares,
both commercial and residential pathways, green
belts, and other urban sites. Urban forestry is also
defined in terms of maintaining healthy and func-
tional vegetation and associated systems that provide
long term benefits desired by the community, with an
emphasis on the role of people who manage and use
the urban forest in providing for its sustainability
(Dwyer et al. 2003).

In recent years, it has been recognized that the
main contribution of urban forestry is the impact on
human health. These benefits to human health include
the shade that trees provide (Nowak et al. 2006;
Smargiassi et al. 2009), the reduction of the effect of
the so-called urban heat island (Li et al. 2013; Haase
etal. 2014), and the reduction of ultraviolet radiation,
among others. The urban heat island effect can be
defined as the occurrence of higher temperatures in
central areas of the city compared to the adjacent
peri-urban and rural areas; urban heat islands even
generate micro-climates as a result of the combina-
tion of urban morphology and the heat released by
human activities (Colunga et al. 2015; Coronel et al.
2015). Furthermore, relative humidity converges to
comfortable levels for human habitation (approxi-
mately 55% to 60%), even though the gradients and
oscillations depend on grey infrastructure (number of
buildings and their height) and the distribution of
trees, bushes, grass, and pavement (Weng et al. 2004;
Petralli et al. 2006; Hamstead et al. 2016). This is
because materials like concrete and asphalt are unable
to absorb and retain water like plants can; however,
these materials can absorb and retain solar radiation
(Bowler et al. 2010).

Another relevant variable linked to urban forestry
is ultraviolet radiation (UV), especially in latitudes
where there is a worrying reduction in the ozone layer
as is the case for countries in the southern part of
South America. Na et al. (2014) modeled functions to
predict the mitigating effects of trees on UV radiation
at ground level. Grant et al. (2002) developed a
three-dimensional model to measure UV radiation for
different tree canopy coverage, the results of which
showed that cities located between latitudes 15° S
and 30° S have identical exposures, while cities
between latitudes 15° S and 60° S and with less than
50% coverage have an ultraviolet protection factor

(UPF) lower than 2. For other latitudes with a 90%
coverage, the UPF was 10. As a result, the mitigation
of the temperature, convergence of relative humidity
to comfortable levels, and the reduction of UV radia-
tion in public spaces is relevant for public policy
making, particularly in a climate change context.
Exposure to particulate matter is known to be asso-
ciated with health problems in the population. Trees
play an active role in the reduction of particulate mat-
ter as with other atmospheric contaminants common
in cities (Scott et al. 1999; Escobedo et al. 2006;
Nowak et al. 2006; Bealey et al. 2007; McDonald et
al. 2007; Litschke and Kuttler 2008; Escobedo et al.
2011; Vos et al. 2013; Irga et al. 2015). Hence, trees
contribute to improving the health of the population
by reducing rates of respiratory illness (Escobedo et
al. 2011). However, the role that each different com-
ponent of the phenotype of the tree plays in these pro-
cesses, suchas leaf'size, stoma, density, meteorological
conditions, among others, has yet to be set out in
detail. Tiwary et al. (2009) were able to estimate in a
quantity of 0.009 tons per hectare/year the particulate
matter (PM,,) retention capacity of grass, conifer, and
broadleaf trees, which would be equivalent to a reduc-
tion of two deaths and two hospital admissions in the
same time period. Currently, air quality is monitored
in contaminated cities so that restrictive measures can
be taken against the polluting sources. The most com-
monly measured particle sizes are PM,, and PM, s, as
is the case in various cities in Chile (MMA 2011).
Urban noise, also referred to as environmental
noise, produces effects on the health of the population
and can be catalogued in three different ways: physi-
opathological, psychological changes, and physical
harm. The effect of trees and green areas on reducing
health and psychological well-being has been previ-
ously studied (Gidlof-Gunnarsson and Ohrstrom
2007). Fang and Ling (2003) estimated the effect of a
belt of evergreen trees, concluding that trees are able
to reduce negative health effects and calling it effec-
tive reduction. Along highways, Pudjiwati et al.
(2013) estimated a reduction of about 10% at a dis-
tance of 20 meters from the road, while Samara and
Tsitsoni (2007) determined that the most appropriate
distance was 10 meters, taking into account a pine
plantation for the same effect. Van Renterghem et al.
(2013) studied the effect of hedges on the reduction
of noise that comes from vehicles in cities, finding
that high and dense hedges provide a noise reduction
from light or slow moving vehicles. Furthermore, it
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was noted that the noise reduction should also be
increasingly associated with the effect of the road sur-
face over which cars are driven. However, Posada et
al. (2009) found that vegetation did not fulfill the
function of noise damping.

Furthermore, there are another set of services that
a tree provides that must be recognized. Ulrich (1984)
reported that hospital patients with a view of green
areas were hospitalized for fewer days. Also, it was
found that working environments that provide con-
tact with vegetation also improve the well-being of
employees and their efficiency (Kaplan 1993), includ-
ing reducing the fear levels of people living in cities
(Kuo and Sullivan 2001).

The modeling of quantitative data is frequently
used to determine urban ecosystem services, as the
heterogeneity in these contexts require both complex
and multifunctional fitting (Pataki et al. 2011). The
objective of this article is to link variables such as
temperature, relative humidity, ultraviolet radiation,
noise, and particulate matter variables measured in a
mid-sized city with a Mediterranean climate, with
different levels of forest canopy cover in three differ-
ent seasons of the year. Our hypothesis is that canopy
coverage will positively affect the value of variables
linked to the quality of life of those who live in cities.

MATERIALS AND METHODS
This study considers the public urban forests in three
areas in the commune of Talca, Chile, a city with a
continental Mediterranean climate located in the Maule
Region (35°25°59” latitude South and 71°40°00
longitude West), 102 meters above sea level, with an

area of 232 km? and 201,800 inhabitants (BCN 2013).
The average rainfall per year is 676.2 mm, with 75%
of this rainfall between the months of May and
August. Average monthly minimum and maximum
temperatures range from 4.2 °C to 30.3 °C. Relative
humidity varies in the range of 58.2% in summer to
89.5% in winter; Figure 1 shows the distribution of
monthly precipitation and temperature (DGA 2004).
The data was collected in urban spaces, where 30
plots were defined and distributed in a circuit of
streets in the center of the city, being located in places
of public use and high pedestrian circulation (Figure
2). The criteria for the sampling distribution were to
select 1 to 2 plots per block of street located on differ-
ent sides of the road. Circular plots with a radius of 8
meters, equivalent to 200 m?, were chosen per plot.
The scale used was considered appropriate based on
comparisons of similar studies such as Escobedo and
Nowak (2009) and improved the representativeness of
this type of study as indicated by Haase et al. (2014).
The street configuration is a typical Spanish colonial
design based on street blocks measuring 125 meters,
which translates to a separation distance between plots
of approximately 100 meters on average. The selected
areas were based on the representativeness of the
trees in the center of the city. The first area is the main
avenue, called Alameda, which has a major central
reservation with trees (TO1 — T12); the second area is
the Isidoro del Solar Avenue (also called Diagonal),
which has a diverse range of trees and a small central
reservation with trees, as well as a section composed
of Platanus orientalis L. that forms a dome over the
vehicular area and includes two plots from the main
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Figure 1. Distribution of monthly climate variables in Talca (DGA 2004).
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Figure 2. Location of plots. Source: Google Maps.

square (also called Plaza de Armas)(T13 —T20). The
third area is the street named Ist South (Uno Sur),
which is the principal commercial zone of the city
and has the least densely populated area of trees of
the three areas considered (T21 — T30)(Figure 2).
For each plot, the percentage of tree coverage was
obtained by horizontally projecting the tree crown
from the trees inside the plot. During autumn 2016,
the tree coverage was measured, showing that leaf
loss in deciduous trees accounted for a 40% reduction
in tree coverage on average. The percentage tree cov-
erage (C) was found and split into five classes from
0% to 100%: 20% if C <20%, 40% if 20% < C <40%,
60% if 40% < C < 60%, 80% if 60% < C < 80%, and
100% if C > 80%. This discretization was performed
so that the ANOVA could be used with the data.
Environmental variables were recorded at two
points in each plot, at the center and at the edge, cor-
responding to: (a) particulate matter PM,, (10.0 pm)
at a height of 1.5 meters and measured in mg/m?,
recording maximum PM,, (PM,, max) and average
PM,, (PM,, avg), using the measurement instrument
DustTrak II Model 8532, TSI; (b) temperature at
ground level (T° ground) and at a height of 1.5 meters
(T° 1.5 m) was measured with a thermo hygrometer

JT-07CRL in degrees Celsius; (c) relative humidity at
a height of 1.5 meters, measured as a percentage (%)
and using the same instrument as was used for mea-
suring the temperature; (d) levels of noise measured in
decibels at a height of 1.5 meters (dBA), maximum
(Max noise), and minimum (Min noise), measured with
a sound level meter using the measurement instru-
ment LUTRON SL-4012; and (e) ultraviolet radiation
at a height of 1.5 meters and measured in nanometers
(nm) using the measurement instrument Light meter
UV340B. The measurements were recorded during three
different times of day: (i) between 8:00 and 9:00 am;
(i1) between 2:00 and 3:00 pm; and (iii) between 7:00
and 8:00 pm, corresponding to times of day: morn-
ing, midday, and evening, respectively. In each hourly
period mentioned, the 10 sites in each block were vis-
ited to measure the different variables.

The season when measurements were made corre-
sponds to the date ranges: November 2014 to January
2015, April to May 2015, and September to Novem-
ber 2015, which we have termed summer, autumn,
and spring, respectively. The total number of records
was 1,968, which is equivalent to 15,515 points of
data. To record the data, two ad hoc data collection
forms were created, one for the measurements of
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Table 1. Measurements of environmental variables by seasons and area.

Maximum PM;, (mg/m?) Average PM,, (mg/m?)
Season Block Coefficient of variation  Average Amplitude Coefficient of variation  Average = Amplitude
Autumn I 0.064 0.080 0.005—-0.532 0.044 0.061 0.003 - 0.175
I 0.120 0.127 0.013 -0.750 0.043 0.086 0.009 - 0.234
I 0.143 0.107 0.011-0.850 0.050 0.066 0.001 —0.240
Spring I 0.060 0.041 0.003 —0.800 0.016 0.022 0.002 -0.089
I 0.054 0.042 0.006 —0.502 0.023 0.024 0.004 -0.125
I 0.015 0.022 0.002 - 0.106 0.011 0.014 0.001 -0.126
Summer I 0.027 0.026 0.002 -0.161 0.006 0.012 0.002 - 0.036
I 0.038 0.025 0.003 —0.363 0.010 0.012 0.002 —0.043
I 0.023 0.022 0.005-0.211 0.010 0.012 0.001 —0.048
Maximum noise (dBA) Minimum noise (dBA)
Season Block Coefficient of variation  Average Amplitude Coecfficient of variation Average  Amplitude
Autumn I 0.09 76.7 60.4—-94.7 0.10 58.5 3.6—-73.0
I 0.08 74.4 60.3-112.9 0.07 57.7 48.0-71.8
I 0.12 72.2 20-91.2 0.08 58.1 49.6-72.4
Spring I 0.13 77.3 57.4-106.5 0.09 59.3 47.5-80.5
I 0.11 73.6 27.7-111.7 0.10 583 102-77.2
I 0.08 72.5 59.4—-98.5 0.08 58.0 25.7-172.5
Summer I 0.12 75.4 47.7-112.9 0.12 58.7 41.8—-179.3
I 0.10 73.1 54.7-99.4 0.08 54.5 42.9-69.5
I1I 0.09 70.1 459-89.2 0.08 54.5 45.6 - 66.8
Ground-level Temperature (°C) Temperature at 1.5 m (°C)
Season Block Coefficient of variation  Average Amplitude Coefficient of variation  Average = Amplitude
Autumn I 0.27 15.8 9.4-232 0.27 15.8 93-252
I 0.42 14.4 34-319 0.42 14.3 1.5-28.9
111 0.36 17.1 49-339 0.34 16.7 4.7-28.0
Spring I 0.29 19.4 93-355 0.28 18.9 24-304
I 0.32 19.7 7.7-34.7 0.32 19.4 6.9-34.7
I 0.32 19.6 2.8-355 0.30 19.0 9.7-334
Summer I 0.28 24.6 11.8-41.1 0.25 232 114-342
I 0.33 22.8 9.8-42.8 0.33 222 6.5-374
111 0.25 28.5 13.1-45.1 0.26 25.5 9.4-36.9
UV (nm) RH (%)
Season Block  Coefficient of variation  Average Amplitude Coefficient of variation  Average = Amplitude
Autumn I 1.55 51.1 0.0-330.3 0.22 70.3 47.8-98.0
I 1.34 572 0.0 —400.0 0.27 69.5 41.9-97.6
11T 1.51 69.4 0.0-363.4 0.27 66.0 0.85-96.0
Spring I 3.48 327.5 1.0-28,820.0 0.32 55.7 233-875
I 2.11 200.9 0.1-3,800.0 0.32 58.3 252-96.0
I 2.10 331.8 0.9 —5,400.0 0.37 48.0 19.8-82.4
Summer 1 3.12 529.7 2.3-9,620.0 0.25 50.1 28.1-75.8
I 3.07 283.5 0.9 -7,600.0 0.39 523 25.8-93.1
I 2.69 715.3 3.5-9,340.0 0.32 43.9 12.8-71.6
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variables related to the tree and the other for environ-
mental data. The data was recorded in an Excel work-
sheet before analysis was then performed.

A correlation matrix was calculated using the mea-
surements so that relationships between the variables
could be observed. As well as this, an ANOVA was
calculated for each of the recorded variables using
sources of variation such as percentage of tree cover-
age, the time of day, and the season. Average values
were used for the statistical analysis. The implicit
hypothesis used was that there are no statistically sig-
nificant differences between the sources of variation.

ANOVAs were used to determine if there were sta-
tistically significant differences between the sources
of variation and the interaction added between the
sources of variation.

RESULTS
The sampling performed identified 75 trees with 23
different species, with a large abundance of Liquid-
ambar styraciflua L. The diameter at breast height
(dbh) fluctuated between 2.3 and 90.2 cm, and the
diameters of the crown between 0.36 and 15.23 m.
The greater percentage of tree coverage was found in
the Alameda block (TO1, T03, and T06) and in the
Diagonal (T11, T16, T19, and T20), whereas in the

Uno Sur block there were fewer trees, and hence the
tree coverage was reduced.

The results for the environmental variables showed
a large spread, which is due to the influence of the dif-
ferent sources of variance (time of day and season)
used in the study (Table 1). The maximum percentage
fluctuation of each variable (defined as the difference
between the maximum value and the minimum value
and then divided by the minimum value) gives an
idea as to the magnitude of the fluctuation according
to the source of variance considered. Particulate matter
has the largest fluctuation of 494.2% when considering
season (summer vs. autumn), followed by the fluctu-
ation in the time of day (morning vs. midday) which
was 135.0%. The fluctuation of noise was the lowest,
with a variation between 1.2% and 11.6%. Tempera-
ture, ultraviolet radiation, and the relative humidity
showed the largest fluctuation in the time of day, fol-
lowed by season, contrary to what was observed with
particulate matter. The largest fluctuation observed was
the ultraviolet radiation, with a maximum fluctuation
of 4,021.8% when considering times of day (midday
and morning), followed by the fluctuation of the sea-
son (2,099.0%) considering summer vs. autumn.

The correlation matrix showed the relationship
between the different variables (Table 2). The majority

Table 2. Relationship between variables. Correlation coefficient (probability).

Variables PM,, (mg/m°®) Noise (dBA) Temperature (°C) UV (mm) RH (%)
Max Avg Max Min Ground 1.5m
PM,, Avg (mg/m?) 0.73
(0.00)
Noise max (dBA) 0.11 0.10
(0.00) (0.00)
Noise min (dBA) 0.11 0.14 0.26
(0.00) (0.00) (0.00)
T° ground (°C) -0.40 -0.53 -0.09 -0.30
(0.00) (0.00) (0.00) (0.00)
T° 1.5m (°C) -0.40 -0.52 -0.07 -0.30 0.97
(0.00) (0.00) (0.00) (0.00) (0.00)
UV (nm) -0.09 -0.14 -0.03 -0.12 0.39 0.32
(0.00) (0.00) (0.13) (0.00) (0.00) (0.00)
RH (%) 0.39 0.51 0.07 0.25 -0.85 -0.86 -0.27
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Coverage (%) 0.00 0.03 -0.06 0.02 -0.11 -0.07 -0.08 0.12
(0.97) (0.22) (0.01) (0.33) (0.00) (0.00) (0.00) (0.00)

The data with significant differences are marked in grey.
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of the variables show a linear relationship between
themselves (grey cells), however, weak relationships
(» < 0.60) dominate the results, the exceptions being
the relationship between temperatures (= 0.97), fol-
lowed by relative humidity with temperature at 1.5 m
(r = -0.86) and with temperature at ground level
(r=-0.85), and finally between particulate matter. The
variables that didn’t show a linear relationship with
tree coverage are maximum PM,, (» = 0.00), average
PM;, (» = 0.03), and minimum noise (» = 0.02), and
also maximum noise with ultraviolet radiation
(r=-0.03).

The ANOVA results showed significant differ-
ences from various sources of variation (Table 3).
Tree coverage and time of day showed significant dif-
ferences in the variables, with the exception of the
noise level data. Season showed significant differ-
ences for all variables.

Maximum noise and ultraviolet radiation did not
show any interactions between the sources of varia-
tion, such that the results from the Tukey multiple
comparison test for these variables indicate that these
variables can be analyzed separately, depending on
the source of variation (Table 4). In the remaining
variables, any interactions evident are merely for ref-
erence. For example, if maximum PM,, is analyzed
according to tree coverage, time of day, and season of
year, it was observed that the maximum values for
canopy coverage of 20%, 100%, and 40% were found
in autumn, spring, and summer, respectively. In autumn
as in spring, the maximum values are reached in the
morning, whereas in summer the maximum values
were recorded at midday (Table 4).

The Tukey multiple comparison test showed the
differences detected by the ANOVA. In the case of
canopy coverage, significant differences were found

for noise, temperature at ground level, and ultraviolet
radiation, showing that larger tree coverage can be
characterized by lower average values. This tendency
is likewise visible in the remaining variables, even
though there is no evidence of significant differences
with the exception of relative humidity (RH), which
has an inverse relationship (Table 4). This result con-
firms that tree coverage has a role in reducing the
amplitude of these recorded variables, making cities
more habitable by reducing the undesirable effects of
these negative variables.

The time of day showed significant differences for
all variables except for maximum noise. The behavior
of the variables that showed significant differences
was dissimilar. The highest values were observed in
the mornings for maximum and average particulate
matter, minimum noise, and relative humidity,
whereas temperatures reached maximums at midday.
Analyzing the season variable established that maxi-
mum values, with the exception of temperature and
ultraviolet radiation, were recorded in autumn.

DISCUSSION
Even though the particulate matter values show sig-
nificant differences (Tables 3 and 4) when considering
the tree coverage, no clear tendency is visible in the
relationship between particulate matter and tree cov-
erage. According to Liu et al. (2015), the canopy cov-
erage directly influences the concentration of
particulate matter. This relationship was also con-
firmed in this study, even though canopy coverage
did not necessarily lead to a reduction in particulate
matter. Another aspect that justifies these results is the
spatial extent of the study. The distance between the
furthest pair of spatially separated points was no more

Table 3. Probability of ANOVA by variable and source of variation.

Variables
Source of variation PM,, (mg/m%) Noise (dBA) Temperature (°C) UV (nm) RH (%)
Max Avg Max Min Ground 1.5m

A: Coverage 0.0176 0.0008 0.0000 0.3973 0.0000 0.0000 0.0012 0.0000
B: Time of day 0.0000 0.0000 0.1133 0.0000 0.0000 0.0000 0.0000 0.0000
C: Season 0.0000 0.0000 0.0448 0.0000 0.0000 0.0000 0.0000 0.0000
Interaction

ABC 0.0055 0.0001 0.8636 0.0207 0.0157 0.0000 0.2861 0.0011

The data with significant differences are marked in grey.
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Table 4. Tukey multiple comparison test for variables mean and source of variation.
Variables
Source of variation  Level PM,, (mg/m°) Noise (dBA) Temperature (°C) UV (mm) RH (%)
Max Mean Max Min Ground 1.5m
Coverage 20 0.053,, 0.033, 73.4, 57.5, 21.3, 20.1, 377.0, 54.4,
40 0.062, 0.037, 77.14 57.6, 19.6, 19.0, 275.0, 59.64.
60 0.064, 0.039, 75.7, 57.8, 19.2, 18.8, 234.0, 60.2,,
80 0.045, 0.032, 71.6, 58.2, 19.3, 18.9, 153.0, 58.5,
100 0.06, 0.041, 71.1, 57.1, 18.8, 18.5, 144.0, 61.2,
Time of day Morning 0.079, 0.045, 74.5, 59.0, 13.1, 12.7, 50.2, 79.0,
Midday 0.040, 0.026, 73.4, 56.4, 23.7, 22.6, 632.0, 45.9,
Evening 0.053, 0.038, 73.4, 57.5, 22.1, 21.9, 28.1, 51.4,
Season Autumn 0.110, 0.076, 73.5, 57.8, 15.0, 15.0, 41.2, 71.0,
Spring 0.037, 0.021, 74.5, 58.6, 19.4, 19.0, 230.0, 55.3,
Summer 0.025, 0.012, 73.3, 56.5, 244, 23.2, 439.0, 49.9,

Results with significant differences are colored grey. Subscripts with different letters indicate significant differences (probability < 0.05).

than 2.5 kilometers. With a larger spatial extent and
point pair separations, it’s likely that significant dif-
ferences would be found. On the other hand, it must
be taken into consideration that a quantity of particu-
late material is raised from ground level by the pas-
sage of different types of automobiles, for which
raised-level readings could be expected in times of
greater traffic.

In numerical terms, if the percentage reduction
between the smallest and largest tree coverage is
compared, a decrease in PM, of 6.4% and 0.3% for
maximum and average measurements respectively
can be observed (Table 1). According to the studies
carried out by McDonald et al. (2007) and Vos et al.
(2013), the reduction of PM,, associated with canopy
coverage can fluctuate between 2% and 26%, which
coincides with the maximum value of the variable
recorded in this study.

For the season of year, the largest values of partic-
ulate matter and relative humidity were recorded in
autumn, followed by spring, and then summer (Tables
1 and 4). The high values in particulate matter are
explained by two reasons: one is the climatic condi-
tions (known as thermal inversion phenomenon), and
the second is the use of firewood as a fuel to heat
homes and the relative humidity of summer condi-
tions in a continental Mediterranean climate (MMA
2011). On the other hand, regarding the time of day
when measurements were recorded, maximum

values of particulate matter and relative humidity
were recorded in the morning and the evening,
whereas at midday lower values were recorded.

The temperature and ultraviolet radiation mea-
surements showed maximum values in summer, fol-
lowed by spring, and then autumn (Tables 1 and 4).
When time of day is considered, the maximum value
was observed at midday, followed by evening, and
then morning, similar to the result found by Scott et
al. (1999). The measurements for these variables, as
with particulate matter and relative humidity, showed
a decreasing tendency as the tree coverage increased.
However, with the measurements of the noise, no ten-
dency related to season, time of day, or canopy cover-
age was observed. This finding is consistent with the
studies of Posada et al. (2009) and Pudjiwati et al.
(2013), which state that tree and vegetation coverage
must be significant so as to reduce noise levels, a sit-
uation that is not present in this study.

The analysis of the season when measurements
were made showed maximum values for all variables
in the autumn season, with the exception of tempera-
tures and ultraviolet radiation.

Even though the presented results confirm existing
studies and our hypothesis, the challenges encoun-
tered in finding the relationships between the vari-
ables require that the study should be enhanced to
include more plots, other areas within the city, and
other times of day and months of year. This is
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especially important in cities where there have been
insufficient numbers of these types of studies carried
out; these studies enable developing countries to
improve conditions in cities by putting in place envi-
ronmental policies.

The study has limitations to take into consideration,
which are: (a) the territory studied, which corresponds
to a part of a city with a continental Mediterranean
climate; (b) no repeat measurements longer than one
year were made; (c) a census was not carried out that
characterized the trees; and (d) the vehicular flow of
the streets and avenues studied was unknown. For
this reason, the results must be considered in the
space and conditions in which the research was
conducted.

CONCLUSION
Statistically significant differences were found between
the averages of studied variables (PM,,; Max Noise;
Min Noise; Time of Day and Season; Temperature;
UV; and RH) for all sources of variation. The excep-
tion was for noise, which didn’t present significant
differences in tree coverage.

As canopy coverage increases, a decreasing ten-
dency with particulate matter, temperature at 1.5 m,
and relative humidity was observed; however, no sig-
nificant differences were identified. Significant dif-
ferences were found in noise, temperature at ground
level, and ultraviolet radiation, and in general sup-
ports the idea that as canopy coverage increases, a
reduction in the unwanted effects of these variables
can be observed.

The time of day showed significant differences for
all variables with the exception of maximum noise.
This would be explained by working hours and vehi-
cle paths within the city. Maximum and average par-
ticulate matter, minimum noise, and relative humidity
showed significant differences in the mornings,
which would be due to atmospheric phenomena.
However, as would be expected, both temperature
and ultraviolet radiation reached their maximums at
midday. Significant differences present for all vari-
ables during the season when the data was recorded is
taken into consideration. Autumn and spring showed
maximum particulate matter, noise, and relative
humidity values, and summer showed high tempera-
ture and ultraviolet radiation values.

The theory that canopy coverage is able to reduce
some of the effects of the recorded variables in this

©2020 International Society of Arboriculture

study has been reinforced, thus making cities more
comfortable as the undesirable effects of the variables
studied are reduced.
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Résumé. Nous avons cerné les liens entre les services écosys-
témiques fournis par les arbres et diverses variables environne-
mentales dont la température (°C au niveau du sol et a 1.5 m),
I’humidité relative (%), les particules en suspension (PM,,, max-
imum et moyenne), le bruit (ABA) et le rayonnement ultraviolet
(UV a 1.5 m). Cette étude fut effectuée a Talca, Chili, une ville de
moyenne dimension. Les points de mesure furent choisis dans
trois secteurs situés le long de trois avenues principales dans le
centre de la ville durant trois saisons différentes et selon trois
moments distincts de la journée, générant 15,515 données au
total. Dans des parcelles circulaires d’un rayon de 8 métres, les
mesures furent enregistrées au centre ainsi qu’en un point sur le
périmétre. Une matrice de corrélation fut calculée et un test
ANOVA fut réalisé avec I’indice de canopée, le moment de la
journée et la saison comme sources de variation. Les résultats
montrent une dispersion élevée tandis que la matrice de corréla-
tion selon laquelle I’indice de canopée a un lien faible avec les
variables fut étudiée. Les résultats du test ANOVA montrerent le
moins de différences significatives lorsqu’associés avec 1’indice
de canopée et le moment de la journée, tandis que la saison mon-
trait des différences significatives pour toutes les variables. Le
couvert d’arbres montra des différences significatives pour toutes
les variables lorsque le test d’additivité de Tukey était utilisé, a
I’exception du bruit minimal. Les parcelles avec une plus grande
couverture étaient associées avec des augmentations pour les
particules en suspension et I’humidité relative mais des diminu-
tions pour le bruit maximal, la température et le rayonnement
ultraviolet. Les mesures les plus élevées pour les particules en
suspension, le bruit et ’humidité relative furent enregistrées lors
de la matinée tandis que les températures maximales se produisi-
rent en milieu de journée. Les résultats confirment I’importance
des arbres urbains, particuliérement 1’indice de canopée, afin
d’atténuer les impacts environnementaux négatifs dans les zones
urbaines.

Zusammenfassung. Wir identifizierten Beziehungen zwischen
Okosystemleistungen, die von Bidumen und anderen Umwelt-
variablen geliefert werden, einschlieBlich Temperatur (°C auf
Bodenniveau und in 1.5 m h), relative Humiditdt, Feinstaub
(PM,, Maximum und Durchschnitt), Lérm (dBA) und ultravio-
lete Strahlung. Die Messorte wurden in drei Arealen ausgewéhlt
entlang von drei HaupverkehrsstraBen im Zentrum der Stadt
wihrend drei verschiedenen Jahreszeiten und drei verschiedenen
Zeitplanen iiber den Tag, wobei insgesamt 15,151 Daten erhoben
wurden. In runden Messbereichen mit 8 m Radius wurden Daten
im Zentrum und an einem Punkt auf dem Perimeter aufgezeich-
net. Eine Korrelationsmatrix wurde kalkuliert und ein ANOVA
mit Kronenbedeckung, Zeitplan des Tages und der Jahreszeit als
Quellen fiir Variationen durchgefiihrt. Die Ergebnisse zeigen eine
hohe Dispersion und die Korrelationsmatrix, dafl Kronenbedeck-
ung nur eine schwache Beziehung zu den Variablen hat, wurde
untersucht. Die Ergebnisse aus dem ANOVA zeigten die gering-
ste Anzahl von signifikanten Unterschieden in Kombination mit
der Kronenbedeckung, dem Zeitplan des Tages und der Jahreszeit,
welche von allen Variablen signifikante Unterschiede zeigte. Die
Baumbedeckung zeigte fiir alle Variablen unter Verwendung von
dem Tukey Test signifikante Unterschiede bis auf den minimalen
Larmpegel. Messbereiche mit grofierer Bedeckung wurden ver-
bunden mit Anstieg von Feinstaub und relativer Luftfeuchtigkeit
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und Abstiege bei maximalem Larm, Temperatur und ultraviolet-
ter Strahlung. Vormittags wurden die hochsten Messungen von
Feinstaub, Lérm und relativer Luftfeuchtigkeit aufgezeichnet,
wobei die Temperaturmaximale um die Mittagszeit auftraten. Die
Ergebnisse bestitigen die Bedeutung von urbanen Baumen, ins-
besondere die Kronenbedeckung zur Minderung von negativen
Umweltbedingungen in urbanen Bereichen.

Resumen. Identificamos las relaciones entre los servicios del
ecosistema proporcionados por los arboles y las variables ambi-
entales, incluida la temperatura (°C a nivel del sueloy 1.5 m), la
humedad relativa (%), las particulas (PM,,, maximo y promedio),
el ruido (dBA) y la radiacion ultravioleta (UV a 1.5 m). Este estu-
dio se realizé en Talca, Chile, una ciudad mediana. Las ubica-
ciones de medicion se seleccionaron en tres areas a lo largo de
tres avenidas principales en el centro de la ciudad durante tres
estaciones diferentes y en tres horarios del dia, generando 15,515
datos en total. En parcelas circulares, con radios de 8 metros, las
mediciones se registraron en el centro y en un punto del perimetro.
Se calculd una matriz de correlacion y se realiz6 un ANOVA con
cobertura de dosel, horario del dia y temporada como fuentes de
variacion. Los resultados muestran una alta dispersion; se estudid
la matriz de correlacion de que la cobertura del dosel tiene una
relacion débil con las variables. Los resultados del ANOVA
mostraron la menor cantidad de diferencias significativas asocia-
das con la cubierta del dosel, el horario del dia y la temporada, lo
que mostrd diferencias significativas para todas las variables. La
cobertura de los arboles mostrd diferencias significativas para
todas las variables que utilizan la prueba de Tukey, con la excep-
cion del ruido minimo. Las parcelas con mayor cobertura se aso-
ciaron con aumentos en las particulas y la humedad relativa y
disminuciones en el ruido maximo, la temperatura y la radiacion
ultravioleta. Durante las mafianas, se reportaron las mediciones
mas altas de particulas, ruido y humedad relativa, mientras que
las temperaturas maximas ocurrieron a medio dia. Los resultados
confirman la importancia de los arboles urbanos, especificamente
la cobertura del dosel, para mitigar los aspectos ambientales neg-
ativos en las areas urbanas.
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