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Exercise on the choice of most suitable tree

Nature Based Solutions and the city

Nature-based solutions
using and deploying natural ecosystems to provide solutions to
several urban issues and improve the overall sustainability of urban
environments (Cohen-Shacham et al., 2016).
….nothing new but…..
…a couple of interesting specifications:
NBS provide sustainable, costeffective, multi-purpose, and
flexible alternatives for various
planning objectives and can
significantly enhance resilience of
cities.
Green Infrastructure, use of greenery to management
water (Sustainable Urban Drainage Systems, Best
Management Practices, Low Impact Development) and to
regenerate deprived portions of cities (i.e peri-urban
areas)

Source Raymond et al. (2017)

NBS and the city

Possible applications in cities
1) Climate mitigation and adaptation;
2) Water management;
3) Coastal resilience;
4) Green space planning and
management (including
enhancing/conserving urban
biodiversity);
5) Air/ambient quality;
6) Urban regeneration;
7) Participatory planning and
governance;
8) Social justice and social cohesion;
9) Public health and well‐being;
10) Generating potential for new
economic opportunities and creating
green jobs.

Source Raymond et al. 2017)

NBS and the city
Key benefits (Xing et al., 2017)

Planning and/for NBS

Planning and planning processes
Land-use planning processes focus on the design and organization of
urban and non-urban physical and socio-economic spaces and the
measures/actions that can be undertaken to solve or prevent problems in
land use.
This objective is usually achieved by using knowledge and creativity to
design, evaluate and implement a set of justified actions in the public
domain (Friedman, 1987).

Planning and/for NBS

Planning and planning processes
To provide decisions about the activities in a certain space which
should be better than the existing pattern without planning (Hall,
2002).
Planning is a shifting ensemble of activities (zoning of the space,
allocation and design of infrastructure/services, allocation of economic
resources), all of which converge in the best of circumstances to effect
major improvements to urban well-being and efficiency.

Planning and/for NBS

Planning for NBS
One of the objectives of sustainable planning is to
promote equitable access to social and economic
resources and therefore improve environmental
health of people living in urban contexts (Berke and
Conroy, 2000).
Socially inclusive planning of NBS in urban contexts
should maximize its benefits based on convergence
of human interests (accessibility and qualities of
goods and services, culturally appropriate
development and fulfilment, self-reliance, etc.),
considering equity and disparity within the current
population and between present and future
generations (van Herzele et al., 2005)

Planning and/for NBS
One of the objectives of sustainable planning
is to promote equitable access to social and
economic resources and therefore improve
environmental health of people living in urban
contexts (Berke and Conroy, 2000).
Socially inclusive planning of NBS in urban
contexts should maximize its benefits based
on convergence of human interests
(accessibility and qualities of goods and
services, culturally appropriate development
and fulfilment, self-reliance, etc.), considering
equity and disparity within the current
population and between present and future
generations

Set of Ecosystem Services provided by urban Green Infrastructure

Growing attention recognized today to health and well-being
benefits from open and green spaces in urban contexts

•regulation of urban (micro)climate
•preservation of biodiversity
•sequestration of CO2
•reduction of noise
•provision of cultural and recreational value

Green Infrastructure for urban cooling
Green Infrastructure provides beneficial microclimatic effects, including air
temperature reduction, which eases the UHI effect and therefore the
buildings’ energy consumptions.
Processes generating microclimatic beneficial effects
1. Shading of solar heat gains on windows, walls, roofs, and other surfaces
2. Wind-breaking effect of trees
3. Evapotranspiration processes

Shading effect
Most important effect, depending on the following variables
trees species and related parameter
(height, canopy width, age, …)
Distance of trees from buildings

Shape and orientation of orientations of
buildings

Climate conditions

Wind-breaking effect of trees
• slow down the wind close to the buildings and reduce the
convective heat losses and the infiltration rates
• particularly relevant in windy, cold and frequently overcast sites.
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Best-practice management/design rules:
• the ideal arrangement of shelterbelt trees is perpendicular to the
prevailing wind;
 shelterbelt trees should have a medium porosity (about 40%) so as to
provide satisfactory wind speed reduction over a long distance;
 shrubs should be planted at the basis of the trees, to avoid any
vertical gaps occurring in the shelterbelt;
 Trees to planted along the entire length of the building.

Evapotranspiration processes
Reduction in the dry-bulb temperature due to evapotranspiration,
as the loss of water from a plant as a vapour into the atmosphere
(Givoni, 1991).
Less relevant than previous processes in terms of generated energy
reduction
A reduction in the cooling needs and an increase in the latent cooling
needs of buildings can be observed
Spatial extent of this
reduction can be
limited to some meters
from the trees

Source: https://www.itreetools.org/tools/hydro

Role of urban morphology
Urban morphology involves
relationship among the
primary elements of urban
fabric such as plot, street,
constructed space and
open space (Levy, 1999)

All these features and their
spatial configurations strongly
influence the urban climate,
heat island (Palme et al., 2021)

Example from Italy
A portion of the Metropolitan
area of Catania

 Lack of greenspaces
 High seismic vulnerability of
existing urban fabric
 Low energy efficient building stock

Results ‐ Potential local cooling effect of vegetation
and relative building energy demand reduction
Dynamic simulation of the position of trees
around a stand-alone building to reduce cooling
energy consumption.

Shading
effect

Calcerano and Martinelli (2016)

Transfer of Development Rights strategy for
enhancing ecosystem services of urban soils

Results ‐ Potential local cooling effect of vegetation
and relative building energy demand reduction

Configuration #

Range of energy reduction (%)

1 (E+S+O)

44.4 – 48.5

4 (E+O)

37.3 – 41.8

Energy saving ranging from a minimum of 11%
when locating 1 only tree to a maximum of
5 (O)
10.4 – 13.6
44% when locating 5 trees around buildings:
6 (E)
19.2 – 21.2
Transfer of Development Rightsastrategy
for of greenery is able to achieve
limited amount
enhancing ecosystem services ofrelevant
urbanenergy
soils savings

Building simulations (shading effects)
With TRNSYS v.17 we simulated the shading effect of trees that can be located in the
shared open spaces close to the buildings and following different spatial
configurations identified in a morphological analysis of the urban environment.
A portion of the Metropolitan area of Catania
(Italy)

patches of multi-storey apartment
buildings with available open spaces
Evaluating impact of height of trees and distance from the buildings

Building simulations (shading effect)
Building simulations to evaluate the effect of shading on energy demands
of building, considering the influence of different variables involved

Investigated types of buildings

Investigated tree species:
Pinus Pinaster,
Platanus Occidentalis
Ficus Benjamina.

Building simulations (shading effect)
Investigated types of buildings

Building simulations - results
Cooling loads grouped by
building type and trees species
• cooling loads of buildings were
reduced from 11.1 kWh/m2year
to 9.2 kWh/m2year (17.3%
reduction)
• 0verall Pinus Pinaster performs
better results than Platanus
Occidentalis or Ficus Benjamina
• T-buildings have better behaviors

Results by distance between
trees and buildings
• Higher distances reduce the
positive contribute of shadows
• Overall, 5-8 meters as optimal
distance

Simulating the effects of GI – other approaches
Integrated in QGIS
UMEP Manual — UMEP Manual
documentation (umepdocs.readthedocs.io)

Simulating the effects of GI – other approaches

Mappa TMR (ore
11.00)

Ficarazzi (satellite)

Mappa TMR (ore
17.00)

Mappa TMR (ore
14.00)

Simulating the effects of GI – other approaches

Carbon storage/sequestration by GI
Mechanism to sequester and store carbon in vegetation and soil
The amount of organic carbon stored in soil is the sum of inputs to soil
(plant and animal residues) and losses from soil (decomposition, erosion
and offtake in plant and animal production). It depends on the soil type (%
clay).

The process of capturing, securing and storing
carbon dioxide from the atmosphere. The idea is to
stabilize carbon in solid and dissolved forms so that
it doesn’t cause the atmosphere to warm.

Management practices that maximise plant growth and minimise losses of organic
carbon from soil will result in greatest organic carbon storage in soil

Carbon storage/sequestration by GI

The carbon sequestration ability of
different urban tree species
(tCO2 sequestered by one tree in good
condition during 50 years, i-Tree
planting). The compass points refer to
the direction of the tree in relation to
the nearest building.

Different sunlit situations

Different mortality of trees

Carbon storage/sequestration by GI
City
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Changchun
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30.25
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Wuhan
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6.99d
22.83
20.15

2.33d
2.01
1.67

Fuzhou
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19.21
27.80
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0.56
3.01

Nanning

14.12e
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35.18f
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Shenzhen

12.37

3.01g

Carbon storage/sequestration by GI

Noise reduction by GI
https://linkinghub.elsevier.com/retrieve/
pii/S036013231200323X

Noise reduction by GI
https://www.sciencedirect.com/science/
article/pii/S0003682X14002333

Noise reduction by GI
How to Reduce Noise by urban greenery
Noise reduction is achieved by either deflection or absorption of the noise or by a
combination of the previous two:
Design factors to be considered before deciding to create a tree barrier against noise:
•Noise is more effectively reduced by completely screening the source from view.
•A noise barrier should be planted as close to the noise source as possible.
•Wide belts of high density trees and shrubs are required to achieve significant noise
reductions.
•noise reduction tends to increase with tree height up to 10-12m
•Effectiveness of noise reduction is closely related to the density of stems, branches
and leaves.
•For year-round noise reduction use broadleaved evergreens or a combination of
coniferous and broadleaved evergreen species.
•Soft ground is an efficient noise absorber.
Cultivating ground before planting and the addition
of well-rotted organic matter to the soil surface
may also help to reduce noise whilst vegetation
becomes established.

Knowledge gap for tropical cities
Cities in the tropics differ from those in temperate regions for climate, ecology, demography,
economic development, and lifestyle.
Many people in the tropics, especially the poorest, spend most of their time outdoors; for
them, the shade and shelter provided by trees are especially important.
Tropical cities are generally warmer and experience heavier rainfall, which exacerbates the
challenges of the urban heat island and flood risk. Mitigating these effects is therefore likelyt
o be a priority in tropical cities.
Tropical regions have long growing seasons and are among the most biodiverse in the world
(3). High tree diversity offers the potential for selecting species that provide multiple benefits
and best fulfil local needs.
Yet, there remains a substantial knowledge gap concerning the benefits provided by tropical
tree species. For example: the software i-Tree includes tools that allow users to quantify the
structure and environmental services of trees, but i-Tree has only been adapted for the US,
UK, Australia, and Canada
Given that some of the world’s fastest growing cities, such as those in Southeast Asia, are in
the tropics, future research should explore the full benefits of urban ecosystem services of
trees

Database/Resources for urban trees
National Tree Benefit Calculator (treebenefits.com)

Are you looking for trees for narrow streets? vdberk.co.uk
Urban tree database | Ag Data Commons (usda.gov)
Coastal Plain Community Tree Guide: Benefits, Costs, and Strategic Planting (chapter 5)

Exercise/research
Positive effects of trees on climate regulation, carbon sequestration
and noise reduction
- Choose an urban area that you know or where you’ve been
- Take a screenshoot from google map and paste it on a power point
(the scale should be enough detailed to allow you to correctly identify
sidewalks, streets, yards or other place where trees can be planted)
- Paste the screenshot on a power point slide
- Draw lines or polygons with power point forms on the google map to
locate different type of trees in different parts of the cities
- Use different colors for the lines of trees, indicating a specific function
that trees are expected to do (reduce heat island, maximise carbon
sequestration and noise reduction, multifunctional)

Ipoh, Malaysia

Street trees, heat island reduction
Park trees, carbon sequestrantion

Street trees, noise reduction

