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Abstract: Green spaces and trees are fundamental for the sustainability of cities. The use of
management and planning indicators for green spaces, including urban forests, have been proposed,
but are rarely applied and their potential to provide ecological, social, and economic benefits is usually
overlooked by policy makers and managers. Here, we apply a set of indicators describing green
spaces and their variability in different urban units within the Basso Isonzo, an area of the city of
Padua (northern Italy). Eleven indicators were selected based on their capacity to consider availability,
accessibility and the preservation or increase of urban green spaces and tree cover. The value of
indicators was standardized and enabled to have five classes indicating increasing performance.
The study indicates green spaces” heterogeneous conditions. Interestingly, the indicators commonly
change moving from the city center to the outskirts. Monitoring through these indicators will enable
understanding whether specific management and planning targets are met and, in the absence of
these targets, identifying main trends over time. The proposed approach and indicators applied
are simple to collect, analyze, and convey information. The indicators are related to relevant social,
economic and ecological conditions pertaining to green spaces. The proposed indicators can therefore
be used as a simple tool to guide decision-making with the aim of enhancing green spaces.

Keywords: indicators; urban trees; nature base solution; green infrastructure; urban forest

1. Introduction

Green infrastructure, a network of natural and semi-natural areas within, around and between
urban areas [1], is a generator of a variety of ecosystem goods and services [2—4]. Many urban planners
therefore rely on the green infrastructure to achieve more sustainable cities. Green spaces refer to urban
vegetation and include, among other elements, urban forests including all stands and individual trees [5],
parks, gardens, and yards [6,7], which are key components of the urban green infrastructure that deserve
appropriate planning and management. Well-designed, well-managed, and well-connected green spaces are
therefore fundamental landscape elements for the successful development of sustainable urban strategies.
Thus, planning and management goals and related actions to achieve sustainability need to be based on
adequate information [8].

A number of tools and approaches have been proposed to tackle problems related to the planning
and management of urban green spaces [9,10]. Plans regarding management of the urban forest, along
with other green spaces, usually address specific issues and, commonly, aim to optimize the different
and most important benefits provided [11]. One fundamental aspect is the long-term management.
This includes activities related to both preservation of the existing urban green spaces and forests and
development of new ones [12,13]. Although private green areas and trees should not be overlooked,
as they are often the largest component of the green infrastructure, particular focus is placed on public
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areas and their tree populations. This is a consequence of the political interest and the possibility of
making decisions and taking direct actions in these areas. Public goods and their services are freely
accessible and available to citizens (e.g., street trees, urban parks, roadsides) and are managed by
public bodies, usually municipal councils. Furthermore, as council resources are devoted to green
spaces under their management, even though they might be a small component compared to those
that are privately owned, their assessment is important for strategic planning [14]. Indeed, planning
and management goals and requirements should be balanced [8] and oriented to local needs. In this
respect, indicators are useful for assessing current management practices and their effectiveness [14].

An application of this approach is represented by the use of indicators that can provide usable
and understandable insights for decision makers [15,16]. The use of a set of criteria and consequently
indicators has been proposed for the management and planning of urban forests and green spaces
in general [17], but are rarely applied and their potential to provide benefits is usually overlooked
by policy makers and managers [14]. Indicators are useful because they help in identifying progress
towards crucial objectives and general patterns; therefore, they are an important tool to evaluate
management and planning success and the sustainability of our cities [14,18]. For example, indicators
related to urban forest management and planning have been grouped into vegetation type, community
framework, and resource management [8,14]. Furthermore, in this practical context it is possible that
indicators, such as, for example, canopy cover, can be used to target a specific goal but also to measure
performance once a plan is put in place [19].

In many cases, single indicators have been investigated in terms of their use and application in
different cities and urban scale contexts [20]. However, multiple indicators are needed to measure the
success of broader management and planning practices [14]. Other research has instead focused on
testing indicators to assess specific green spaces [21] or introduce theoretical indicator frameworks for
urban forests [14]. A major constraint to the application of indicators for urban green spaces is the
lack of a consistent and standardized collection of data on urban trees and open spaces that results in
inadequate inventories and often weakens the performance of specific indicators [22].

Consequently, there is a need for further emphasis and investigations regarding the development
and application of sets of indicators for specific green spaces [21] as well as at different scales and
levels for a variety of green elements in urban settings. The indicators proposed in the literature are
usually applied to summarize and represent conditions at the city or municipal level [17,23,24] and
not at smaller scales and, therefore, overlook land units of appropriate size for setting local goals
and developing specific plans and actions. An approach focusing on smaller urban land units can
give indications on the current distribution of green spaces within a city and enable spatial allocation
goals to be set, which is an important aspect of urban planning [25]. Furthermore, a universal set of
indicators may not represent local conditions, values, and needs [26].

Indeed, there is a need for different indicators to have an exhaustive description of green areas,
to assess their performance and set targets of urban sustainability. They are easily measurable,
representative of a wide range of conditions, and used for research and practical purposes. A plethora
of indicators is found in the literature: canopy cover, green space availability, green space accessibility,
green space shape index, tree diversity, and many others. The most common ones are directly
related to the amount of green spaces and, in particular, to areas covered. Green space availability
is an important aspect of urban planning [18]. However, much research has focused on the urban
forest and this component is of primal importance in cities. For example, canopy cover and tree
diameter distribution have been suggested as important indicators of urban forests [8]. Canopy
cover is widely used and is a straightforward indicator of urban forest area [14]; instead, diameter
distribution is less applied. These indicators, as many others, can be related to specific conditions
and the provision of different ecosystem services. For instance, canopy cover has been highlighted
as an indicator of urban forest health [27] and as a crucial indicator for assessing the provision of
ecosystem services and goods in urban areas [4]. Nevertheless, applying single indicators, for example
canopy cover, may not enable light to be shed on relevant management and planning issues, so other
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indicators are needed [14]. Recent research has pinpointed that, for both international academics and
local practitioners, tree diversity and physical access to green spaces are important urban planning
indicators [19]. Indeed, much attention has recently been given to green space accessibility [28,29],
especially related to equity issues [30,31]. There are also less applied indicators that, however, can give
relevant information for management and planning but may derive from data rarely available or
may require relatively complex computations. Furthermore, focus is usually given to urban forest
indicators or to those referring to green spaces. This is particularly true when linked to management
and planning issues or goals. Therefore, data availability together with the capacity of the indicators to
being meaningful for local management and planning is a major factor to consider in their selection.
Here, we apply a set of indicators for urban planning and management starting from the description
of green spaces, including the urban forest, and their variability in different urban units. The focus is
on operational indicators that have the capacity to point out specific needs. The case study, represented
by the Basso Isonzo area within the city of Padua (Italy), comprises a number of urban units that
enable local inequalities in the availability and distribution of green spaces and trees to be indicated.
The approach enables those that are more in need of specific management and planning to be detected.
The study has two major aims: (i) to propose a number of indicators related to green spaces and trees
able to represent ecological, economic and social benefits, and (ii) to compare the performance of
different land units representing a gradient from historical town center to the urban-rural interface.

2. Materials and Methods

2.1. Study Site

The city of Padua, located in the northeast of Italy, covers 93.03 km? and has a density of
around 2267 inhabitants/km?. Two main rivers, the Brenta and Bacchiglione, cross the municipal
area, which had a strong influence on its historical development. Mean annual temperature and
precipitation for the period 2010-2018 was 14.6 °C and 969 mm, respectively.

Intense urban sprawl in the last decades has resulted in a current 6% of public green spaces
in the municipal area [32]. The distribution and composition of the city in terms of different land
uses, in addition to historical developments, is mainly the result of 1950s-1960s planning approaches.
From an urban design point of view, built-up areas are in a wedge shape from the historical city center
to the neighboring agricultural land. This historical record is still evident in the city landscape.

We selected a case study area in the southwest sector of the city. The area, named the Basso Isonzo,
stretches from the city center to the peri-urban agricultural area including part of the wedge and covering
around 22 km? (23% of the urban area). Agricultural land covers 33% of the study area; however, this
proportion has decreased by 6.5% in the last decade [33]. From the inner city center to the outer edge of the
Basso Isonzo there is a gradient in terms of population and buildings density. A variety of green space types
can be found in the area, with different levels of maintenance, such as playgrounds and roadsides, as well as
areas with spontaneous vegetation [34].

2.2. Methodological Approach

The proposed approach is based on a set of selected indicators related to green space management
and planning. The use of indicators as a planning and management tool has been known to introduce
a large number of positive aspects, including the consistency and reduced dimensionality of data,
ease of interpretation, and the consequent simple communication of results to both experts and the
general public [35].

Indicators can be applied to green infrastructure elements commonly found in cities, such as open
green spaces and urban forests. An urban forest in its most inclusive definition comprises all city
trees, whether along a street or growing in green spaces [5,36]. The focus of this study is primarily the
components of the green infrastructure that are managed by the city council and, therefore, for which
suggested monitoring, management, and planning actions would be of direct benefit.
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To select the set of indicators we considered data availability, their relationship with ecological,
economic, and social conditions, their application in other studies, and the possibility of making
comparisons. The rationale for their selection is reported in Table 1. Over the last years, a reliable
spatially explicit inventory of green spaces and trees that the city council manages was set up and
implemented [32]. Therefore, most data used to feed the selected indicators derive from this database.
This further ensures the possible applicability of such indicators in future municipal plans.

Indicators were selected to consider availability and accessibility of urban green spaces and
preservation and increase of tree cover. The selection took the possibility of monitoring performance
and quality into particular account. A total of eleven indicators were selected. The values of indicators
were standardized to enable division into five classes indicating increasing performance (1 = 0-0.20;
2 = 0.21-0.40; 3 = 0.41-0.60; 4 = 0.61-0.80; 5 = 0.81-1.00). For variables with continuous values,
standardization was done scaling values to the higher one. The original values were maintained for
indicators expressed as a % where 100% indicates achievable targets as defined in the city’s urban
forest plan currently being developed.
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Table 1. Summary of indicators with information on the reasons for their selection and related formula for their calculation.

Indicator Code Rationale Equation
. . . Planni itoring standards and goals, establishi iorities,
(1) Public green area per caplta [1’1’12/11’11’1‘] GC annl.ng (.monl o.rl‘ng S andards ahd goa S AES abushing pI‘lOI‘l.les green space area [mz]/no. ofresidents
reducing inequalities in green areas provision among land units)
(2) Percentage of public green areas [%] GP Planning (monitoring thgia;isa:r; (;g‘;)iziz,ngeducmg inequalities in green space area [m?|/land unit area [m?] %o
Planni itoring standards and goals, reducing i lities i . .y
(3) Accessibility [%] Ga  Planning (monitoring standards and goals educing inequaliies 1,y otsing 0 b o st
. Planni luati lici
(4) Trees per 100 residents * TR anning and mgnag'ement ('e.\fa gatmg poficies anc.:l manage.rpent no. of trees [no. of residents X 100
outcomes, reducing inequalities in ecosystem services provision)
Planni luati lici -
(5) Trees on streets * [trees/km] TS anning (eya uatlr}g poncies and manage.ment ochF)mes, reducing no. of trees /Roads and streets length (km)
inequalities in ecosystem services provision)
o Planni luati lici , i . '
( 6) Tree densi ty in green spaces * [ trees /ha] TG anning (eya uatlr}g pO icies and manag(?ment ou.tc.omes reducmg no. of trees in green spaces
inequalities in ecosystem services provision) area of green spaces (ha)
Planning and management (evaluating forest composition, establish
& & & p
(7) Number of species per 100 trees * TN a diverse tree population citywide as well as at land unit level, no. of species [no. of trees X 100
evaluating policies and management outcomes)
Planning and management (evaluating forest composition, establish
(8) Number of species over 5% * TP a diverse tree population citywide as well as at land unit level,
evaluating policies and management outcomes)
Planning and management (evaluating forest composition, establish
(9) Equitability * TE a diverse tree population citywide as well as at land unit level, H' /Hpax
evaluating policies and management outcomes)
Management (evaluating age structure, provide for uneven aged
(10) Tree DBH distribution * TD distribution citywide as well as at land unit level, prioritizing
management actions and resources, evaluating management outcomes)
(11) Canopy cover [%] cC Planning (establishing benchmarks, reducing inequalities in ecosystem S pointsclassified as trees 1ot mo.of sample points

services provision, evaluating policies and management outcomes)

* These indicators refer to municipal trees.
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2.2.1. Public Green Spaces

We selected three indicators related to availability and accessibility of public green spaces managed
by the council. These indicators are also commonly linked to the beneficial effects on citizens health [37].
In our case study we considered the following green space elements: parks and gardens, equipped
green areas (e.g., dog areas, playgrounds), urban greenery (e.g., road embankments, roundabouts),
uncultivated green areas, school’s and public building’s green areas, community gardens, outdoor
sports areas, and spontaneous woodlands. In our analysis, public green areas are those managed
directly by the Padua city council.

Public green area per capita gives information on the availability of green spaces to residents.
It derives from the area of public green spaces against the number of residents. This indicator is widely
and commonly used to assess environmental and social sustainability of urban areas [20,24,38].

The percentage of public green areas describes the availability of green areas as a proportion of
a reference land unit. It allows the green spaces asset for a given area to be estimated and enables rapid
comparisons between areas and cities. Indeed, it is possible to compare results with those of other
towns and cities over Italy and in Europe [38,39].

Accessibility is defined as public green space provision per inhabitant related to green spaces
within walking distance of residential areas. It can be expressed as the percentage of resident population
to whom public green spaces are readily accessible. This indicator is calculated considering a linear
distance of 300 m, from the entrance points of green areas roughly equivalent to a path distance of
at most 500 m, or 10-15 min by foot [40]. Indeed, this was reported and proposed as an important
indicator expressing public accessibility to urban green spaces and that can enable comparisons across
Europe [41]. Green areas taken into account are those managed by the council and considered to be
accessible (i.e., can be freely used) by residents. These areas are classified as playgrounds or parks and
gardens. Entrance points were detected by analyzing the Quick Map Services of QGIS and Google
maps and street images for the areas surrounding the selected green spaces. Entrance points were
detected considering internal paths (i.e., gravel and asphalt paths as well as footpaths), the proximity
to pedestrian crossings and cycle paths, and the lack of obstacles or barriers.

2.2.2. Canopy Cover and Municipal Trees

The data on trees refer to those managed by the city council except for canopy cover. Among the
indicators proposed below, only canopy cover takes into account all types of trees in the city regardless
of who owns and manages them. These indicators are related to the urban forest structure.

Municipal trees per 100 residents represents the number of trees that, on average, are found every
100 residents. The indicator derives from the total number of trees and total number of residents. It has
been used to assess the urban ecosystem conditions [42]. It also gives a measure of how many people
have to share each tree and can also indicate human pressure on them [43].

Municipal trees on streets represent the presence of trees along roads and streets. The value is simply
derived from the number of trees along these linear elements and their total length. It therefore gives
an indication of the density of trees along streets. This indicator is relevant because trees on roadsides
provide a number of ecosystem services of major interest as demonstrated by the positive influence that
trees have on human health [44]; for example by simply acting as a barrier to particulate pollution.

Municipal tree density in green spaces represents the tree density within urban green spaces.
The density of trees in urban green spaces can be considered a particularly critical indicator, as too low
or high densities are usually negatively perceived by the public; this therefore plays an important role
in an attractive park landscape [45].

The number of species per 100 municipal trees represents the number of species against the
number of trees in the land unit of reference. It gives an estimate of the number of species that should
be observed or encountered every 100 trees. It standardizes the number of species based on the total
number of trees to enable comparisons between areas with different population sizes. The accepted
scientific names were used as reported in ThePlantList (http://www.theplantlist.org/). A list of species
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is the basis of all the possible indicators of diversity and tree species richness is a common indicator of
urban biodiversity [46,47].

The number of species over 5% represents the number of species contributing more than 5% to
the number of municipal trees. As for the previous indicator, the relative abundance of each species
must be calculated. The value of the indicator is equal to the number of species with a 5% share of the
total trees. This value has been suggested as a rule of thumb indicating that to have a balanced ratio
there should be no more than 5% of one species [48].

Pielou’s equitability (or evenness) index is based on Shannon’s entropy and represents the
distribution of abundances between species [49] of municipal trees. It is calculated for each unit of
reference as:

J (Pielou’s equitability) = H (1)
Hmax
N
H =-) pixinp, o)
i=l
Hmax = InS 3)

where p; is the proportion of individuals (i.e., trees) belonging to the i-th species. H;y is the maximum
value of H’ that corresponds to an equal proportion of all species. ‘Pielou’s equitability is therefore
the measure of the deviation from an equal distribution of trees of different species. The value of the
indicator can vary from 0 to 1; with values close to 1 representing a perfectly equitable distribution of
trees of different species.

The age distribution within a tree population influences both the provision of services, which is
positively correlated with tree size, and the present and future maintenance needs and consequently
costs [50,51]. Studies have shown a positive relationship between diameter at breast height (DBH) and
age in urban settings [52], so results on DBH can be generalized and extended approximately to age.
For this reason different authors [51,53] have proposed ideal DBH distribution curves for urban tree
populations. An unbalanced distribution can cause a number of management problems that could
be prevented by aiming for an uneven DBH distribution. Assuming DBH or “relative” DBH [14] as
a reliable proxy of tree age.

Municipal tree DBH distribution represents the scarcity of trees in comparison with the ideal DBH
class distribution. This information is derived from knowledge of the tree distribution in DBH classes;
it also gives an indication of the chronological distribution of the tree population. To assess the current
tree distribution an “ideal” distribution was set by following indications from the scientific literature
and the constrains derived from the division of DBH classes currently adopted in the inventory of
Padua (Table 2).

Table 2. “Ideal” diameter and breast height (DBH) distribution adopted in this study.

DBH Classes % of Trees

0-20 cm 40
21-40 cm 30
>40 cm 30

It is possible to detect management needs by comparing the ideal distribution of trees by DBH
classes to the current one. A shortage in a DBH class is recorded when values are 10% lower.
The indicator is related to the sum of differences from the ideal proportion of each DBH class.
The standardization is done with the inverse value to have lower scores for those urban units with
larger difference from the ideal distribution. The most relevant shortages compared to the “ideal”
share are considered as the main need for the planning and management of trees in the reference area.

Canopy cover represents its percentage over the reference land unit. To estimate the current
canopy cover of trees the web-app i-Tree Canopy v6.1 tool (https://canopy.itreetools.org/) developed
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by the USDA Forest Service was used [54]. The first step is to upload the boundary of the area to be
analyzed as a shapefile. The types of cover to be used are then set. For this indicator, two classes
were used: tree or non-tree cover. The operator assigns to each point generated by the tool, by
photo-interpretation, a tree or non-tree cover value. In addition to cover values the tool calculates
statistical precision on the estimates. Based on 500 randomly located points within each land unit,
the tree cover was estimated together with its standard error. This indicator can be used to compare

tree cover between different cities by applying the same method and could enable targets to be set
(e.g., 30%) [19].

3. Results

The value of the different indicators for the urban units showed variability with contrasting
relationships (Table 3). Overall, it is possible to view different changes and therefore management and
planning needs, moving from the city center, that is, the historical part, to the rural-urban interface.
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Table 3. Summary of the values and their standardization per urban unit (numerical codes) recorded for the applied indicators. Abbreviated names correspondence is

reported in Table 1. Units of measure are reported for specific values, whereas a standardized value is indicated with S.

GC GP GA TR TS TG TN TP TE TD CcC
Urban Unit
m?/inh. S % S % S no. S No./km S no./ha S no. S no. S Eq. S % S % + se S
1.1 4 008 3.0 027 3972 040 6 0.15 11 0.14 64 0.65 14 1.00 1 014 075 075 032 0.82 128+15 0.44
1.2 14 034 81 0.72 55.84 0.56 15 0.38 31 0.40 48 0.48 7 0.49 5 071 080 080 037 078 257+195 0.88
1.3 26 063 109 098 7223 0.72 22 0.56 20 0.25 57 0.58 7 0.49 4 057 079 079 037 078 293+204 1.00
14 18 0.42 7.8 0.70 97.00 0.97 16 0.41 31 0.40 31 0.31 9 0.65 6 0.86 0.78 0.78 015 095 251 +1.94 0.86
1.5 21 0.49 11.2 1.00 89.78 0.90 39 1.00 78 1.00 62 0.62 5 0.39 7 1.00 0.75 0.75  0.08 1.00 252 +1.94 0.86
2 42 1.00 112 1.00 8286 0.83 23 0.59 23 0.29 37 0.38 5 0.40 4 057 077 077 012 098 20.0+179 0.68
3 7 016 42 037 6564 0.66 17 0.44 36 0.46 99 1.00 7 0.52 3 043 080 080 02 08 19.6+177 0.67
14 26 062 30 027 7535 0.75 21 0.54 4 0.05 69 0.70 5 0.34 4 057 081 081 053 066 195+177 0.67
15 30 072 6.1 055 74.09 0.74 22 0.56 13 0.17 50 0.51 5 0.37 4 057 074 074 028 08 261+196 0.89
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For our case study area, indicators linked to green spaces demonstrate a scarcity of the resource
in the historical city center (Figure 1). Land units with higher values for these indicators are in
an intermediate location between the city center and outer areas. Instead, accessibility (Figure 1c)

of green spaces seem to be similar in many land units except for the city center and intermediate
residential areas.

1 1 1

2 2 2
I\ff\ﬁ 3 3 3
E' 7 M4 4 14
p . @ . s s

[

A A A
01 2km 0 1 2km 0 1 2km
-

Figure 1. Values for the different indicators linked to urban green spaces in the study area: (a) green
area per capita; (b) percentage of green areas; (c) accessibility.

Although indicators focusing on tree density give a more heterogeneous picture (Figure 2),
the center stands out for low values when the density is related to residents. Furthermore, a high

density of street trees does not necessarily indicate a high density of green spaces trees in the same
urban unit.

a s W=
a s~ NN =

[ SRR R

. |
/8

A A

0 1 2km 0 1 2km 0 1 2km
L1 1 L1 L1

>

Figure 2. Values for the different indicators linked to tree density: (a) density of trees on streets; (b) tree
density in green spaces; (c) trees per 100 residents.

Interestingly, indicators linked to species diversity are extremely heterogeneous (Figure 3).
This suggests that different actions should be taken in the various land units to increase tree species
diversity. In general, although equitability values can be considered relatively high (Figure 3c), a higher
species heterogeneity would be suggested in those urban units with a low number of species.
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1 1 1
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Figure 3. Values for the different indicators linked to tree species diversity: (a) number of species per
100 trees; (b) number of species over 5%; (c) Pielou’s equitability.

DBH distribution seems most distant from the “ideal” in proximity to the historical city center but
also in the rural part (Figure 4a). Interestingly, some areas have a distribution resembling the ideal one.
The areas with a low value indicate urgent needs in terms of increasing at least one of the three DBH
classes, and decreasing the excessive ones. Overlapping with the main DBH distribution deficiency
(Table 4), it is evident that not all areas lack trees for the same DBH class. Furthermore, just less than
half the urban units do not have major distribution issues.

Table 4. Main DBH class deficiencies compared to the ideal distribution for the different urban units.

Urban Unit Main DBH Distribution Deficiencies

1.1 Lack of the 21-40 cm class
1.2 Lack of the 0-20 cm class
1.3 Lack of the 0-20 cm class
14 /
1.5 /

2 /

3 /

14 Lack of the 21-40 cm class
15 Lack of the >40 cm class

Canopy cover, referring not only to municipal trees, shows a similar trend, with low values in the
center and higher values in some intermediate residential and outer areas (Figure 4b).

a b

g AW N =
w

Figure 4. (a) Results derived from comparison with the “ideal” DBH distribution. (b) Percentage of
canopy cover over the entire unit.
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4. Discussion

The benefits derived from trees and forests in urban landscapes (for a list of services and disservices
in [4,55]), such as mitigating pollution [56], and promoting human health and wellbeing [57], as well
as from green spaces in general [58,59], are tightly linked to planning [11]. The set of indicators
reported in this study help urban planners and managers to assess urban units in terms of quality of
the available green spaces and their future design. Indeed, they can form the backbone for potential
evaluations of the performance of different land units and set benchmarks for a green infrastructure
management plan. Furthermore, the applied indicators guarantee assessing against a healthy and
sustainable green infrastructure.

4.1. Prospects on Future Monitoring and Management in the Basso Isonzo Case Study

The set of indicators helped in assessing and comparing the current performance between different
land units that represent a gradient from the historical town center to the urban—rural interface in the
Basso Isonzo area of the city of Padua. Interestingly, considered singly and in an integrated approach,
the values of the indicators highlighted important monitoring, management, and planning aspects.

Green areas’ availability is low for a number of land units. Similar or even lower values have been
recorded for public green space in many Italian cities [24]. Although increasing of municipal green
space, as with the establishment of new parks, through appropriate planning is possible in the outer
areas, in the city center this is unlikely or more complicated because of a lack of space. Nevertheless,
in the city center planning could focus on favoring green roofs and living walls. In fact, only two urban
units, of which one is the city center, have less than 9-11 m?/inh. of green space available, a value
suggested to secure the quality of life in cities [17]. Furthermore, some units have relatively high values
of green area per capita, exceeding the common range of values (10-30 m?/inh.) recorded in Italian
cities [24]. However, accessibility is relatively heterogeneous between urban units as also recorded in
other Italian cities [28]. Our results highlight that only a few units have an urgent need to increase
accessibility of green spaces.

Interestingly, although canopy cover varied between urban units, some have relatively high cover
levels, in contrast with what is commonly reported for cities of European Mediterranean countries [18].
In fact, five out of nine urban units have a canopy cover between 25% and 30%; targets proposed for
many cities [19,60]. This shows the importance that private trees have within the analyzed area and
indicates that tree canopy should be increased in specific areas of the city.

Specific management needs can be differentiated with areas needing new planting while others
need more mature and large trees. However, interestingly, there are some areas where the current
proportion should be maintained or needs minor management action. The planting of new trees
could be difficult because of space constraints and could lead to additional unbalanced age and DBH
distributions that should be managed with an appropriate tree renovation program. Research in
other cities has already shown that current tree age distribution is not overlapping with the “ideal”
target [61]. Indeed, in some areas of the city this could be achieved by both additional planting but
also through a reduction in the number of large trees. New tree planting would be possible in the
rural interface area; for example, with the establishment of new hedgerows formed by trees, and with
different structures, that in turn will have important implications on biodiversity and the provision of
several ecosystem services [62,63].

4.2. Simple Indicators for Sustainable Urban Greening

The primary focus on public areas and landscape elements managed by the city council, as in
this case study, is valuable as it could indicate applicable strategies to further develop cities’” green
infrastructure. The focus on public areas and trees is linked to their direct relationship with urban
planning and management. These can have strong implications on private areas, human health and
wellbeing and the city’s wealth; for example, house values were found to decrease with increasing
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distance from public green spaces [64]. However, by including indicators not linked to land ownership,
that is, tree cover, the overall evaluation also takes into account green spaces in private ownership.

Up to now, research has not focused on identifying and applying indicators linked to different
urban green infrastructure elements over different land units within one city. A number of studies
focused on using indicators and understanding the management and planning priorities for specific
urban green spaces [54]. Furthermore, single simple indicators have often been used at the city or town
scale. The application of these indicators can therefore be extended to other cities. In fact, most of
the indicators are commonly suggested and can be obtained with open source tools with no need for
particular expertise to run and use them, as is the case for canopy cover with i-Tree Canopy tool [65].

The inclusion of different indicators that are related to tree cover, age, and species composition
enabled the urban forest provision, structure, and quality to be taken into account [44]. The applied
indicators have been linked to cities” sustainability and represent economic, social and environmental
dimensions [23]. Their consideration can therefore lead to advances towards a more sustainable city.
Indeed, data on trees and green spaces are crucial to understanding the ecological performance of the
urban environment [66].

An added value is represented by the consideration of the main types of green infrastructure
through specific indicators. For example, indicators refer to street trees and trees in green spaces
separately. Therefore, the inclusion of these different indicators gives a broad view but also enables the
different use and management needs to be considered [67]. This heterogeneous character, that is also
important from an assessment and monitoring perspective, can better represent the variety of urban
green space types. Furthermore, this study takes into consideration the call for greater attention to tree
diversity in planning and management of urban areas [68] as evident from the number of indicators
linked to biodiversity.

The complex social-ecological interaction is considered through an accessibility indicator that can
be of extreme importance to improve human health and wellbeing [18] and that is the basis for equity
assessments. While, from our study is possible to understand which are the areas that would need
more available green spaces, equity was not assessed and could be of relevance for future planning.
Furthermore, the use of accessibility in our study is especially important in ageing areas, as is occurring
in many European cities, as nearby and easy to walk green spaces have a positive effect on longevity of
senior citizens [69]. In addition, several indicators take population into consideration, an important
aspect in view of the possible ecosystem services provision.

4.3. Planning and Management Implications

Our approach can contribute to effective urban planning as the applied green space indicators are
related to size, such as the area and density related indicators, and refer to spatial allocation, such as
urban units within a city [25]. The focus on public places and in particular on those managed by the city
council, strengthens the link between the use of these indicators to suggest management and planning
actions. The need for different management efforts can be derived from the value of the indicators.
Indeed, for this reason and due to availability, much of the research has focused on municipal green
spaces [53,70]. Furthermore, monitoring through these indicators will enable understanding whether
specific targets are met and, in the absence of these targets, to identify the main trends over time,
an important aspect for both planning and management.

Aiming towards a more biodiverse urban forest is commonly pinpointed as a target. The different
indicators enabled diversity and heterogeneity based on tree species to be assessed. However,
environmental factors can constrain the number of species that could be part of the urban forest [47].
The calculation of these indicators can also be extended to shrubs and herbaceous species when such
data are available.

The use of an indicator related to DBH distribution gives an indication on population stability
and replacement and removal requirements. Age information should be preferred, but is usually less
available in city tree inventories and rarely measured in urban trees. Nevertheless, age distribution can
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be generally inferred from DBH, in particular for open-grown trees [52]. Furthermore, the dimension
of DBH classes limits the precision of possible indications, as in the case of our study; therefore, precise
measurements should be preferred to assigning trees directly to classes. Indeed, it is possible to set
targets for an ideal distribution, based on well-known values found in the literature but also more
adapted to local conditions. Finally the approach can be the basis and would benefit from an additional
analysis, possibly based on a set of indicators, to evaluate and identify suitable places for planting and
establishing green areas [71].

Planning needs to take into consideration ecosystem services provision of these areas. In addition
to the roles of different types of green spaces in their provision, the heterogeneous distribution of the
indicator values may play an important role. Furthermore, certain services may be more important
for some urban units. For example, aesthetic services would be more relevant in the city center;
planning should therefore take specific indicators into account, such as those related to species richness.
Furthermore, temporal changes will occur regardless of improvements made to achieve specific
indicator values.

4.4, Limitations

Even though this set of indicators has many positive aspects as highlighted, some limitations
are worth mentioning. The land unit of reference may not be suitable for all urban areas and this
would depend on the spatial scale of the data available but also on the planning organization of
the cities. Sensitive data (e.g., on residents) cannot be handled without consent and this limits the
array of indicators but also how they can be calculated and presented, with implications on precision.
For example, network analysis may give a more reliable picture of accessibility to residents but
individual data on residents are required together with relatively complex calculations [41]. Integrating
data on the main green infrastructure elements can derive further and more focused indicators.
For example, different types of roads could have different densities of trees and could be assessed
separately, or the additional use of national (or regional) species lists could allow differentiation
between native and non-native species. Furthermore, data on different elements (e.g., population,
trees) are updated periodically but not at the same time.

The urban tree canopy is a useful indicator to assess existing canopy and compare it with
benchmark values and planning goals. Nevertheless, urban tree canopy goals are most meaningful
when tied to specific desired or possible outcomes. In most cases it is not useful to set canopy goals
as an absolute percentage value on the city area, but rather as a percentage of a maximum urban
tree canopy value that considers space available for trees and other constraints. Indeed, a number of
methods have been proposed to identify existing, possible, potential, preferable, and relative urban
tree canopy [72-74].

The type of data is a limitation but can give important indications for future assessments and
monitoring. The low number of currently available DBH classes, with a wide range of values, reduces
the possibility of gaining a good understanding of the distribution. The current survey protocol should
thus be adapted to record DBH classes with a narrower range of possible diameter values. Moreover,
remote sensing tools could be used to integrate the existing database and also to assess a number of
the proposed indicators on private land.

Finally, this study purposely applied a number of indicators that can suggest possible planning
and management. However, future studies should investigate the possibility of producing a systemic
indicator to evaluate performance [75]. With such an approach it is possible to perform a sensitivity
and uncertainty analyses and the most important indicators could be identified. Furthermore, current
policies call for an inclusion of stakeholders” preferences and values. Stakeholders” perspective could
be included by assigning weights to the different indicators that represent their preferences.
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5. Conclusions

Many costs and benefits, as well as the complex social, economic and ecological interactions,
enter into play when drawing up appropriate urban designs and plans [11], so indicators may be
a valid resource for making decisions. The proposed approach and the applied indicators are simple
to collect, analyze, and convey information. The set of indicators covers relevant social, economic,
and ecological conditions related to green spaces including urban forests. They provide insights into
specific management actions and can give important planning indications that would be required for
a sustainable urban green infrastructure. The proposed indicators can therefore be used as a simple
tool to guide decision making with the aim of enhancing green spaces.
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