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TREE CENSUS GUIDELINES

Choice of areas to monitor

•
•
•

The choice of the ten areas to be monitored derives from a careful study of the city.
Each area must be at least 3000-4000 mq in size, with the presence of several trees. If
only areas minor 3000 mq is available its better to select it to have all the categories
represented.
The 10 areas chosen for the project derived by Italian Statistical Institute typologies
established during 2001 in Italy and can be commonly compared across Europe:
1) Equipped Green, 2) Urban Parks, 3) Historic Green, Urban Furniture Areas including
4) Gardens, 5) Schools, 6) Botanical Gardens, 7) Nurseries, 8) Tree alley and street tree,
hedge, 9) Cemeteries, 10) Nature trail.
Once the 10 sampling areas (1 area/category) have been identified, an initial inspection
must be carried out indicating the suitability of the choice and the conditions of the
public green present within the chosen area.
Following the first inspection, the technician will have the task of drawing up an
explanatory report which will be deposited in the records to explain the choice,
indicating the place of the census and the environmental botanical characteristics of the
area in synthesis.
In the inspection of the areas chosen for the census, the presence of an herbaceous and
shrubby layer should be indicated, in order to provide information on the state of health
of the chosen area (for evaluating the rate of disturbance of the area).
This will allow to better manage the subsequent sampling for the collection of the
requested data.
The Tree census phases will be realized in a unique period for each area considering that
in most cases the evergreen and deciduous trees form mixed stands. In each
Municipality the botanical experts will choose the more appropriate period for their
census activities starting from February to June for optimizing and focalizing the field
visits.
The census of the arboreal layer foresees a punctual work aimed at identifying the
species and the GPS position of the tree in the area.
The parameters to be detected in the trees were chosen based on the project
description and have been calibrated to make it easier to estimate:
CO2 absorption
PM absorption
Eco-systemic services
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Criteria for selecting areas

For the selection of the areas a descriptive form has been realized by the expert team
and its compiling will be recommended. The form has to be filled in field to completely
represent the selected sites for the census explaining the choice of these places.
After examining the green areas of the city through a special inspection and after having
discarded the too large ones (surface ≥ 1ha) and eliminated those without trees, we will
proceed with a feasibility criterion to choose the areas to be surveyed. To avoid the
selection of areas that are not very significant for that category or those that do not fully
meet the criteria of choice and categorization, it will be possible eventually to identify
the area’s most similar to those described above.

1 Equipped Green: Green areas
intended for playing

2 Urban Parks: Larger green
area within a city intended for
recreational use by urban
population, can include
different features such as trees,
grassy areas, playgrounds,
water bodies, ornamental beds,
etc.

3 Historic Green: Similar to large
urban parks, but with distinct
management due to heritage
status
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Urban Furniture Areas including
4 Gardens: Areas cultivated mainly
for ornamental purposes and/or
non-commercial food production.

5 Schools: Green areas
intended for outdoor learning

6 Botanical Gardens: Educational
and ornamental areas planted with
large diversity of plant species

7 Nurseries: Plants cultivation
for providing urban green areas.
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8 Tree alley and street tree,
hedge: Trees planted along
roads
and paths either solitary or
in rows. Hedges along roads
or paths

9 Cemeteries: Burial ground often
with covered by lawns, trees and
other ornamental plants.

10 Nature trail: is a route through
an area of countryside which has
signs drawing attention to
interesting animals, plants, or
rocks.
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Table for the selection of the area
Researcher Name
City
Site
Description of site
(main features)

Fortuity*

Convenience*

Reasons of choice
Representativity*

Uniqueness*

Herbaceous layer
Presence

Absence
Describe

Natural

Presence
Natural

Turf

Describe
Ground
cover
Paving
Fallow
species
Shrubby layer
Absence
Describe if presence
Ornamental
Hedges
shrubs

Other

Note

*Fortuity = random selection
*Convenience = comfort, ease of census
*Representativity = representativeness of the species present, presence of variability
and biodiversity
*Uniqueness = uniqueness also due to the presence of monumental trees or particular
sites of interest

Equipments useful for the census

•
•
•
•
•
•
•

The following equipment will be utilized by the operators during census activities:
GPS tablet,
roll-up meter,
camera,
clinometer (laser hypsometer clinometer),
laser meter,
sampling bags,
field notebook.
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In particular, How uses a clinometer?
Foresters use clinometers to quickly determine a tree’s height or percent grade on a
slope.

To determine a tree’s height:
1. Hold the clinometer with the red dot pointing away from you. The red dot marks your
line of sight between your eye and the object you are measuring.
2. Look through the glass meter. The glass meter contains a dial with two rows of
measurements, a left-hand scale and a right-hand scale. Keep both eyes open.
3. Walk away from tree 50 feet. (Use a measuring tape.)
4. Face tree. Hold the clinometer near your eye with red dot pointing away from you.
(You may want to put a finger on the red dot to remind you that this is the line of sight
you are following to the top and bottom of tree.)
5. Look through the level clinometer until you see the scale reads “0” on both sides.
Point the clinometer at the top of the tree. Record the number from the right-hand scale
that corresponds with your line of sight at the top of the tree.
Without moving your head, tilt the clinometer down to the base of the tree. Try to keep
the glass eyepiece steady in at the same point from where you took the top reading.
Record the number from the right-hand scale that corresponds with your line of sight at
the bottom of the tree.
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Plant species identification

•

Identification of the species according to the most suitable botanical guides in
the sampling area (deciduous or evergreen)

•

Use of apps that help identify the species present during the survey (ex.
PlantNet – PlantSnap – Google Googles-iNaturalist- Forest Tree Identification)

During sampling the trees will be identified firstly through an in field analysis of the
leaves, of the trunk and the habitus of the tree itself. If these characters are unclear to
at least get to the genre, we will proceed to the sampling of the leaves and branches,
before returning to the laboratory you can try to analyze the sample using the
smartphone applications mentioned above. If even in this way it was not possible to
identify the species, the sampling of the leaves and branches will allow the operator to
identify the specimen in the laboratory through the use of botanical guides or otherwise
it will be possible to send the well-defined image to the DICA botanists, who can help in
identifying the species in question.

What should we measure in the identified trees?

The parameters to consider in the tree census activity, beginning from the first weeks of
2020 and that should be completed at last weeks of June, will be recorded for a
successive elaboration using quantitative models to assess the climate and
environmental benefits provided from the same recorded trees.
The period from February to June will permit to study the differences during vegetative
development after winter dormancy for both evergreen and deciduous plant species. In
this way also the seasonal variability of the ecosystem services should be observed for
determining exactly the urban plant values in relation to climatic characteristics.
The quantitative models in which the tree census parameters may be included, will be
able to account for each plant species sampled in the municipalities areas the following
tree functions:
- potential energy saving due to urban tree presence around buildings.
The reduction of energy consumption for cooling will derive from shading trees
presence around urban residences above all during summer months (May, June,
July and August) in the considered Project areas and particularly in a climate
warming scenario with ever more frequent exceptional seasons.
In addition to localized shade effects, lowered air temperatures and wind speeds
due to neighborhood tree cover (proportional to crown height and distance to
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building) produce a net decrease in demand for summer cooling and
winter heating. In winter lower wind speeds act to reduce infiltration of cold air and
heating loads.
Moreover, during the Project activities detailed calculation methodologies will be
improved based on several parameters as azimuth, distance from tree to nearest
air-conditioned/heated buildings, age of different residential building, for
estimating energy-saving benefits from shading trees in urban areas.
- Carbon sequestration and storage based on different age, crown dimensions,
growing speed, pruning.
The carbon sequestration will be estimated on the base of biomass and carbon
using volumetric equations, calculating green volume and converting it to dryweight biomass and then carbon (C) and stored carbon dioxide equivalents (CO2).
The equations estimate volume (m3/tree) from diameter at breast height (d.b.h. in
centimeters) and height (ht in meters) measurements. The utilized Dry-weight
density factors will be derived by well-known scientific literature.
Equations for d.b.h. and height will be utilized to calculate volume. Dry-weight (DW)
biomass and carbon stored will be calculated by applying DW biomass density
factors (reported in scientific literature) and incorporating belowground biomass,
and calculating carbon. The conversion from volume to DW biomass will be realized
by multiplying V by the species-specific DW density factor. These equations only
calculate volume (and hence biomass) for the aboveground portion of the tree, but
the biomass stored belowground will be added by multiplying the DW biomass by
1.28 (Husch et al. 1982; Tritton and Hornbeck 1982; Wenger 1984).
DW biomass will be converted into kilograms of carbon (C) by multiplying by the
constant 0.50, while stored carbon will be converted into stored carbon dioxide
(CO2 reported in metric tons) by multiplying by the constant 3.67 (molecular weight
of carbon dioxide). The estimation will be realized on the base of the urban tree
observed in the sampling Project areas.
- Particulate pollution removal and human health impacts.
As regard as the particulate matter (PM10), the potential tree absorption depending
by several morphological, physical characteristics of tree and environment will be
considered. Also the reduction of dangerous substances in atmosphere as sulfur
dioxide (SO2) and nitrogen oxide (NOx) will be estimated on the base of the
observed parameters.
Taking in consideration the large variability of this ecosystemic service in different
environments, we decided to estimate the potential absorption of the sampled
plants in the 4 municipalities on the base of precedent scientific botanical
knowledges. In particular, appropriate scientific literature furnish in the last years
several ranking of species useful for their PM removal efficiencies, impacts on air
quality and suitability for urban environment.
The pollution removal estimation will be realized considering mean data of:
absorption of PM10 ( m) * cm-2 of leaf surface according to each different species,
LAI derived by scientific literature for different tree species and the same tree crown
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projection on soil. In this case tree crown morphological parameters,
crown shape and density, will be essential to realize a more realistic estimation.
- Increase of Biodiversity value in terms of eradication of alien species and
enforcement
of
native
species
and
their
ecosystem
services
(https://www.iucn.org/theme/species/our-work/invasive-species/eu-regulationinvasive-alien-species).
During the census sampling, alien species presence (herbaceous, shrubs and trees)
with their GPS position will be recorded with the aim of beginning correct practices
for their eradication by the environmental offices of the respective municipalities.
Moreover, native species with particular problems will be reported in the census
for providing to their recovery or substitution.
- Economic and social value.
These values will be evaluated on the base of the experience of some Project’s
partners:
Tsitsoni T., Gounaris N., Kontogianni A. B., Xanthopoulou-Tsitsoni V. (2015) A
multidimensional assessment of urban greening aiming to the urban adaptation to the
climate change. Proceedings of the 5th International Conference on "Environmental
Management, Engineering, Planning and Economics (CEMEPE 2015)", June 14-18,
2015, Mykonos island, Greece; 06/2015
Tsitsoni T., Gounaris N., Kontogianni A. B., Xanthopoulou-Tsitsoni V. (2015) Creation of
a system of monitoring, evaluation and management of urban greenery for the
adaptation of cities in climatic change. Proceedings of the 5th International
Conference on "Environmental Management, Engineering, Planning and Economics
(CEMEPE 2015)", June 14-18, 2015, Mykonos island, Greece; 06/2015
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PARAMETERS TO CONSIDER DURING TREE CENSUS ACTIVITY
➢ Total Plant height (morphological evaluation): calculate the height of the plant through
the clinometer.
➢ Height at the first stage of the branches: or where the first branch of the main branches
is located.
➢ Diameter of the plant at Breast height (1.30 m). This measure can be obtained or
observing the tree circumference at 1.30 m and then calculating the diameter, or with a
specific instrument for forestry measurements (digital or analogic).
➢ Maximum and minimum crown widths recorded in field with laser-light rangefinder or
by aerial view (photo) with photo interpretation.
➢ Crown shape (by typologies):
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1: Spherical Crown;
(spherical-shaped crown, which can take on a
rounded or domed appearance (a vaguely
spherical dome with the base cut horizontally);
characterized by the development of branches
spread apart from the trunk, on which they are
inserted with an angle always greater than 45°;
often growing, the trunk also tends to split into
two or more secondary trunks; an example is
the hackberry (ex: Celtis australis).
2: Oval Crown (columnar);
ovoid-shaped crown (in many cases narrower in
the upper part), intermediate between the
spherical and the columnar, characterized by
branches that grow on the trunk with an angle
less than 45 ° but which tend to widen
moderately; the ratio between height and
width is normally 3 or 4 to 1; a typical example
is the evergreen magnolia (Magnolia
grandiflora).

3: Spreading (Umbrella);
crown of spheroidal shape rather flattened
horizontally, with a bare trunk somewhat long
with respect to the vertical development of the
crown; a typical example is the domestic pine
(Pinus pinea).

4: Conical or Pyramidal; ascending (or
fastigiata) crown with branches that develop
parallel and very close to the trunk, on which
they are grafted with an angle always less than
45 °; reference examples are the cypress
(Cupressus sempervirens) and the cypress
poplar (Populus nigra 'Italica').

5: Irregular (multiple trunks, by natural or
environmental agents)
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➢ Crown density (classes):

1: Minimum transparency
by minimum transparency is meant
that relating to the shape of the
foliage typical of the species, which
still has all the leaves in the
moment of maximum vigor

2: Small transparency
small transparencies indicate the
loss of some parts of the foliage
that let pass some glimmers of light,

3: Large transparency
a wider transparency is given by
large amounts of light passing
between the branches

4: Maximum transparency
bare branches or sparse branches,
adverse vegetative season or leaves
in senescence.
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➢ Azimuth plant respect neighboring buildings:
The operator will be positioned near the plant and with a compass he will evaluate
the position of the same plant vs the nearest building

Sector 1: North East - North West
Azimuth effect = 1

Sector 2: North East - South East
Azimuth effect = 2

Quarters

Building

Quarters

Building
E

W
S
Sector 3: South East - South West
Azimuth effect = 3

Building

Building
Sector 4: South West - North west
Azimuth effect = 4

Quarters

Quarters
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➢ distance respect neighboring buildings:
The operator will be positioned in field near the plant and with a laser-light
rangefinder he will evaluate the distance of the same plant vs the nearest building
➢ Height of neighboring buildings.
➢ Sidewalk or road border distance (mt)
➢ Plant-Fence distance (mt)
➢ Nearby plant distance (mt)
➢ Border dimension at the base of the Plant
All the cited parameters will be calculate through an instrument as clinometer or laserlight meter or roll-meter.

What should we note?

•

Electric cables presence (YES / NO)

•

Type of public lighting near the plant
The public lighting could influence the vegetative development of the plants. Evidence
the presence of urban light in terms of distance plant-light source.

•

Plant conservation state (eventual Health problems included stability problems)
Evidence the conservation status expressed as: 1: Good; 2: Sufficient; 3: Poor.

Definitions:
GOOD Conservation: Trunk perfectly vertical or slightly inclined (<5 °), without obvious
swellings or cavities. Healthy bark, without cracks or serious injuries. Absence of cuts or
excoriations of mechanical origin at the base of the trunk. Homogeneous crown with
typical shape of the species. Optimal vegetative appearance with uniform growth.
Absence of gaps in protection.
Primary and secondary branches grown neatly with absence or minimal presence of
suckers in the branches.
Absence of symptoms deriving from pathogens of animal and / or vegetable origin
SUFFICIENT Conservation: Trunk not perfectly vertical, tilted between 5 ° and 10 ° with
obvious swellings but not compromising the vitality of the tree, presence of small
cavities not very deep.
Not totally healthy bark with slight cracks. Presence of slight cuts or excoriations of
mechanical origin at the base of the trunk. Crown not perfectly homogeneous with
shape not exactly corresponding to that typical of the species. Not optimal vegetative
aspect with not totally uniform growth, some gaps in the protection.
Primary and secondary branches grown little tidy and with a good presence of suckers
in the branches.
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Presence of symptoms deriving from pathogens of animal and / or vegetable origin but
which do not compromise the vitality of the tree.
POOR Conservation: Inclined trunk> 10 ° with important swellings, deep cavities.
Bark often cracked even with deep wounds. Presence of deep cuts or excoriations at the
base of the trunk of mechanical origin.
Not homogeneous hair, typical incomprehensible or absent form. Suffering vegetative
appearance, totally decomposed growth, presence of large voids in the protection.
Extremely disordered primary and secondary branches, high percentage of suckers in
the branches, presence of many dry parts.
Presence of symptoms deriving from pathogens of animal and / or vegetable origin that
can compromise the vitality of the tree.
•

Health Status (range of values on the base of eventual pathogen attacks: fungi,
bacteria, insects and other) Evidence the health status expressed as: 1: Good; 2:
Sufficient; 3: Poor.
Good Health Status: when there are no signs of attacks by pathogens, nor wounds due
to human works, when altogether there are no visible traces of attacks on the parts
that can be inspected.
Sufficient Health Status: when the presence of pathogens is minimally important and
has not affected the life force of the tree.
Poor Health Status: when the presence of pathogens is more visible and vital functions
seem to be affected.

•

Damage tipology (to acquire by photo)
The technician will realize a visual control of the plant evaluating if some problems
may be present. In case of problem, some pictures will be acquired and successively
elaborated by specialists to identify the cause.
the most common plant diseases are generated by pathogens of animal origin, bacteria
or fungal origin, here are some examples.
(further information can be consulted at specialized books or at your own forest
departments)
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MAPLE TREE
The genus Acer belongs to the Aceraceae family. The most common high-trunk species
are: Acer campestre, Acer negundo, Acer platanoides, Acer pseudoplatanus, Acer
rubrum, Acer saccharinum.
These are trees capable of reaching heights of 20 meters, with a globose, consistent,
sometimes irregular, green-colored crown, which can vary from light to dark depending
on the species.
Pests of maples mainly belong to the class of insects, especially leaf strippers and
xylophages, as well as various cryptogams.
ALBIZZIA
The genus Albizzia belongs to the family of the Mimosaceae. The most known species is
Albizzia julibrissin: plant with deciduous foliage, with a height ranging from 2 to 8
meters, with dark green umbrella-shaped crown.
The parasites that infest Albizzia are mainly phytomitic and cryptogamous insects (fungi)
that strike branches and stems.
BEECH TREE
The genus Fagus belongs to the Fagaceae family. The main species are Fagus sylvatica,
Fagus purpurea: trees that reach up to 40 meters in height, with a broad, expansive
globose crown, light green leaves (in the case of common beech), and dark purple leaves
(in the case of red beech).
The parasites that lurk on the beeches are mainly mites and insects such as aphids,
defoliators and xylophages, as well as several cryptogams (oidium).
HORSE CHESTNUT
The genus Aesculus belongs to the Hippocastanaceae family. The main species are:
Aesculus hippocastanum, Aesculus pavia and the hybrid Aesculus x carnea. A deciduous
tree species that can reach 25 meters in height, with a globose, broad, dense and deep
green foliage.
The hair of the horse chestnuts is subject to the attack of a dangerous insect and a fungal
disease, in addition to presenting in various circumstances the physiopathy, also known
as summer burning.
HOLM
The Holm oak (Quercus ilex) belongs to the Fagaceae family. It is an evergreen plant,
with dark green globose foliage, which can reach up to 20 meters in height.
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The parasites that prefer the oaks are the defoliators insects and the
xylophagi (destroyers of the wood), while various cryptogams attack leaves, branches
and trunks, especially in the area of the collar.
LIRIODENDRO
The genus Liriodendron belongs to the family of the Magnoliaceae. Liriodendron
tulipifera is also called tulip tree for the green / yellow flowers similar to tulips. They
have cedar leaves, foliage of bright green color and reach heights up to 30 meters.
The lyriodendrons are attacked mainly by aphids and some cryptogamic diseases
(anthracnose).
Elm tree
The genus Ulmus belongs to the Ulmaceae family. The main species are Ulmus minor,
Ulmus glabra and Ulmus laevis: trees with elongated foliage wider at the top, bright
green, which can reach a height of 30 meters.
The defoliators insects dangerously attack the foliage of the elm.

POPLAR
The genus Populus belongs to the family of the Salicaceae, and includes trees that can
reach 20 meters in height. The most widespread species in Italy are: P. nigra, P. nigra
var. Italica, P. alba, P. tremula.
Aphid galligens, poplar and metcalpha chrysomela attack the poplar leaf apparatus.
PLANE TREE
The genus Platanus belongs to the family of the Platanaceae. The main species are:
Platanus occidentalis, Platanus orientalis and the hybrid Platanus x acerifolia. The trees
that fall within the genus Platanus can reach up to 30 meters in height and have
elongated foliage of a more or less intense green color.
Insects and some cryptogamic (fungal) diseases, one of which is currently incurable
(colored cancer of the plane tree) dangerously attack the foliage, branches and trunk of
the plane trees.
ELM TREE
The genus Ulmus belongs to the Ulmaceae family. The main species are Ulmus minor,
Ulmus glabra and Ulmus laevis: trees with elongated foliage wider at the top, which can
reach a height of 30 meters.
OAK TREE
The genus Quercus belongs to the Fagaceae family. The main species are: Quercus
cerris, Quercus coccinea, Quercus ilex, Quercus petraea, Quercus pubescens, Quercus
robur, Quercus rubra, Quercus suber.
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The trees, with globose foliage that takes on colors ranging from dark green
to opaque green, reach heights of 30 meters.
The main pests of the oaks are the defoliators and the xylophagi (wood destroyers).
Several cryptogams (fungi) attack leaves, branches and trunks instead.
LINDEN
The genus Tilia belongs to the Tiliaceae family. The main species are: Tilia cordata, Tilia
petiolaris, Tilia platyphyllos and Tilia tomentosa. The trees can be as high as 30 meters
and have a globose crown of intense green color.
The parasites of the lime trees belong mainly to insects and mites.
The defoliators insects dangerously attack the foliage of the elm.
Insects and some cryptogamic (fungal) diseases, one of which is currently incurable.
•

Pruning tipology (scheduled typologies)
1: Control pruning; 2: Maintenance pruning; 3: Pollard pruning; 4: No-pruning.

•

Border vegetation at the base of the Plant
Evidence the presence of a natural or cultivated herbaceous layer (1) or ground shrubs
and bushes presence (2) or no-vegetation (0).

ATTACHED 1: Census Form for the area selection.
Researcher Name
City
Site
Description of site
(main features)

Fortuity*

Convenience*

Reasons of choice
Representativity*

Uniqueness*

Herbaceous layer
Presence

Absence
Describe

Natural

Presence
Natural
Note

Turf

Describe
Ground
cover
Paving
Fallow
species
Shrubby layer
Absence
Describe if presence
Ornamental
Hedges
shrubs

Other
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ATTACHED 2: Census Form for the parameter recording.
COUNTRY – REGION:
…………………………………………………………………………………………………………………….…………….
CENSUS AREA TIPOLOGY:
……………………………………………………………………………………………………………………………………
ADDRESS:
…………………………………………………………………………………………………………………………………..
RESEARCHER NAME:
……………………………………………………………………………………………………………………………………

ESEMPLARE
SPECIES

GPS POSITION

Total Height
(m)
Height first
stage of
branches (mt)
DBH (m)

Max. and min.
Crown Width
Crown shape

Crown density
(classes)
Azimuth plant
respect
neighboring
buildings
Plant distance
respect
neighboring
buildings
Height of
neighboring
buildings

1

2

3

4

5
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Electric cables
presence (YES /
NO)
Type of public
lighting near
the plant
Road border
distance (mt)
Plant-Fence
distance (mt)
Nearby plant
distance (mt)
Plant
conservation
state
Health Status

Damage
tipology (By
Photo)
Pruning
tipology
Border
dimension at
the base (m2)
Border
vegetation at
the base

