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Basic definition of Green Infrastructure
Mechanisms beyond cooling effects of vegetation

Modelling the potential of urban vegetation treesto ||« -
increase the thermal comfort of urban environments 9‘-’» LT o

Defining greening scenarios for contemporary urban
environments based on actual urban morphology
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Green Infrastructure

Basic Definitions

" Interconnected network of natural areas and open spaces that N
conserves natural ecosystem values and functions, sustains clean air|
and water, and provides a wide array if benefits to people and |
wildlife” (Benedict, McMahon, 20006) |

L I

Some differences between Gl and Greenways (Walmsey, 2006)

Ecology versus Recreation—Green infrastructure emphasizes ecology, not
recreation

-Bigger versus Smaller—Green infrastructure includes large, ecologically important
‘hubs’as well as key landscape linkages

-Framework for Growth—Green infrastructure can shape urban form and provide a
framework for growth. It works best when the framework pre-identifies both
ecologically significant lands and suitable development areas.” (Benedict and
McMohan, 2002b, p. 13)

More emphasis on production of services to communities



Green Infrastructure

The Green Infrastructure approach

‘An interconnected
network of natural
areas and other open
spaces that conserves
natural ecosystem values
and functions..and

provides a wide array of

benefits for people and
wildlife’.

BENEDICT, M. & MCMAHON, E., 2006.
Green Infrastructure: linking landscapes
and communities, London, England,
U.K., Island Press. (page 1).

‘...a strategically planned
network of high quality
natural and semi-natural
areas with other
environmental features,
which is designed and
managed to deliver a
wide range of ecosystem
services and protect
biodiversity in both rural
and urban settings.’

EUROPEAN COMMISSION, 2013. Building a
Green Infrastructure for Europe,
Luxembourg, Publications Office of the
European Union (page 7).



Two mainstreams where the Green Infrastructure concept has
developed from

a) ecological

b) economical ﬁ
Landscape Ecology IEcological Economics
:Landscape Ecology, Forman & :'Georgescu Roegen (1971), The
:Godron (1986) ||Entropy Law and the Economic
Land Mosaics, Forman (1995) Process
Fragstats, McGarigal & Marks Costanza (1997), The value of
:(1 996) ”the world's ecosystem services

IQuantltatlve Landscape Ecology ||and natural capltal
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General Design principles for Gi

Principles for the design of Gl

- — Variables

O O II~ dimension
O 88 ||~ density

88 8 8 II‘ dispersion
O

90 OO0 II‘ connectivity

CCO0 000 II‘ existing connections
£ O |I~ shape (length of border)

Adapted from Noss and Cooperrider (1994).



General Design principles for Gl

Aree verdi isolate Aree verdi con diversa funzione e
dimensione

O
&8

Corridoi verdi Trama verde (aree + collegamenti)

Evolution of green
space in modern
planning

(Turner T., 1991, in
‘Towards a green
strategy for London’)



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 ~ Shading

Evapotranspiration
effect

Modified
airflow

Reduned
wind speed

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




* 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

Precipitation

Evapotranspiration l
Runoff
=)
Ma MA

I m
Infiltration

Pre-developed Developed Green Infrastructure
Source: https://www.itreetools.org/tools/hydro

Spatial extent of this
reduction can be
limited to some meters
from the trees




Role of urban morphology
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All these features and their
spatial configurations strongly
influence the urban climate,

heat island (Palme et al., 2020)

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

Land Cover Impervious Siresis - Traes Herbaceous

| surfaces ! vegetation i -
I suidings [ Bare soil [ Shrubs L ——])




Example from ltaly

O Lack of greenspaces
A portion of the Metropolitan O High seismic vulnerability of
area of Catania existing urban fabric
O Low energy efficient building stock

A | L A

=

Land Use
- 11100: Continuous Urban fabric (S.L. > 80%) . 13300: Construction sites
- 11210: Discontinuous Dense Urban Fabric (S.L.: 50% - 80%) - 13400: Land without current use
- 11220: Discontinuous Medium Density Urban Fabric {S.L.: 30% - 50%) ,=! 14100: Green urban areas
‘ 11230: Discentinuous Low Density Urban Fabric (S.L.. 10% - 30%) 14200:; Sperts and leisure facilities

11240: Disconfinuous very low density urban fabric (S.L. <= 10%) 21000: Arable land (annual crops)
- 11300; |sclated Structures 22000; Permansnt crops
- 12100 Indusirial, commercial, public, military and private units 23000; Pastures
- 12210: Fast transit roads and assoclated land - 31000: Forests

| 12220: Other roads and associated land 32000: Herb

- 12230: Rallways and aszociated land 50000: Water

- 13100: Mineral exiraction and dump sites



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 consumptlon ' ~¢
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Configurations Summer sunshine duration (hours) Tt (°C)

5556 4167 2778 28.7°C 28.0°C 213°C

Calcerano and Martinelli (2016)



Results - Potential local cooling effect of vegetation

and relative building energy demand reduction

0000 0800
S S

Configuration #

Range of energy reduction (%)

1 (E+S+0)
4 (E+O)
5(0)

6 (E)

444 — 485
373 -41.8
104 - 13.6
192-21.2

Energy saving ranging from a minimum of 11%
when locating 1 only tree to a maximum of
44% when locating 5 trees around buildings:

a limited amount of greenery is able to achieve

relevant energy 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

Buildings Orientation 113° 142° 177° 225° 254°

13°

/vﬂ\ 7

4
W=0° >{ E=180" 267°- 277° 350°
x

N=00°

$=270°

L

350° '

patches of multi-storey apartment
buildings with available open spaces

Evaluating impagt 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 tree species:
Investigated types of buildings Pinus Pinaster,

Platanus Occidentalis
Ficus Benjamina.



Investigated types of buildings

10 12
9
28 10 32
12 12
24
24
Buildings Orientation 113° 142° 225° 254°

113°

142°

177°
7 |
77" 2
254°
4 L (
N=90°
13° . .
132*\

w=0° E=180" 267°- 277° 350°

$=270°

.
. ol

277°




Distance configurations from trees to buildings

trees effective
line trees
lenght line
lenght
eng
trees line distance trees line distance =0
trees too far from trees too close to . ’
lly sh
the building facade the building facade ELZEEU%TAZ fyaiazi'"g
a. trees line distance b. trees line lenght
open spaces for trees planting
trees lines to be planted
trees shadows
large trees small trees not larger trees required
obstructing the suitable for shading for shading building buildings to be shaded
building facade the building facade facade
C. trees species




Building simulations - results

» Cooling loads grouped by

12

building type and trees species
‘ | ‘ | | ‘ ‘ , m base * cooling loads of buildings were

fole]

H ficus

platenus reduced from 11.1 kWh/m2year

pinus

[=p}

s

Cooling loads (kWh/m2 year)

to 9.2 kWh/m2year (17.3%
reduction)
totalaverage  Cbuidings  Tbuldings  Lbuidings | buildings * QOverall Pinus Pinaster performs
better results than Platanus
10 Occidentalis or Ficus Benjamina
9 e T-buildings have better behaviors

[

16m

12

Results by distance between
trees and buildings
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* Higher distances reduce the
positive contribute of shadows

* Overall, 5-8 meters as optimal
distance

N
o

R?=0,1533

[N
o

cooling loads reduction (%

o

0 5 10 15 20 25 30 35 40
average distance of the trees from the fagades (m)



Simulating the effects of Gl — other approaches

ELSEVIER

Urban Multi-scale Environmental Predictor

Environmental Modelling & Software
Volume 99, January 2018, Pages 70-87

Integrated in QGIS

(UMEP): An integrated tool for city-based climate

Services

Fredrik Lindberg ® & &, C.5.B. Grimmond P 2 &, Andrew Gabey °, Bei Huang >, Christoph W. Kent ®, Ting Sun ®,
Natalie E. Theeuwes ®, Leena Jirvi ¢, Helen C. Ward > %, 1. Capel-Timms %, Yuanyong Chang |, Per Jonsson & Niklas

Krave ®, Dongwei Liu to, Meyer ®, K. Frans G. Olofson 2, Jianguo Tan ", Dag Wistberg £... Zhe Zhang b

UMEP Manual — UMEP Manual

documentation (umep-

docs.readthedocs.io)

() SOLWEIG x
Spatial data Meteorological data
Buiding and ground DSM: o | [ Use continous meteorological dataset
Input metzorological file: Select
SkyViewFactor grids (.zip): ‘ ‘ ‘ Select |
Estimate diffuse and direct shortwave components from global radiation:
- June, 1997 Y
[] Use vegetation scheme (Lindberg, Grimmond 2011)
Mon Tue Wed Thu Fri Sat Sun
Trunk zone DSM exist Vegetation Canopy DSM: o 26 a7 28 29 30 Eal 1
23 2 3 4 5 B i a
Save generated Trunk zone DSM egetation Trunk zone DSM;
24 9 10 n 12 13 14 15
Transmissivity of light £3 Percent of =
through vegetation (%): AH canopy height: = = 5 16 7 8 19 2 2 2
26 23 24 25 26 27 28 29
. z 30 1 2 3 4 5 6
[ use land cover scheme (Lindberg et al. 2018) LMEP land cover grid:
5 Air temperature (degC): \Water temperature (degC):
Lise Jand cover grid to derive buiding grid Ground DEM: ~ | Relative Huricity (%): e
[ save generated buiding arid Global radiation {w/m?: Wind sensor height (m)
Direct radiation (W/m?): UTC offset (hours):
Wall aspect raster: ‘ b | Diffuse radiation (W/m?): Local standard time:
Wall height raster: ‘ > | R
Qutput maps Environmental parameters
Ormrt Drup Emissivity (walls): Albedo (walls):
[[] Use anisotropic model for diffuse radiation {Introduction in v2013a) [ kdown [ tdown s ey S G
Shadow maps (:npz) Select [ twp [ shadow
Turr parameters PET parameters Optional settings
Absarption of shortwave radiation: Age [yy): |35 = Weight (kg): 1750 = Indude Poi(s) [] Vector point file:
Absorption of longwave radiation: Activity (M): 80,0 % Height{om): 180 |%
P —— 1D field:
Posture of the body: ' Standing ~ Clathing (do): 0,90 &
Sex:, [ [] Adjust sky emissivity according to Jonsson et al, (2005)
Consider human as cylinder instead of box.
Output folder: | [ [ selee | I |
|_He-b | [] Add average Tmrt map to project



Outdoor Thermic Comfort

Depending on:

Climate parameters
Mean Radiant Temperature (MRT)

Wind speed

Umidity
Air Temperature

Subjective
parameters

 Degree of
Activities

 Clothing

* Personal
sensitivity




Outdoor Thermic Comfort

Mean Radian Temperature

Imaginary room

i, o

Vi

exchange by
radiation:
R=R"

X

“the uniform temperature of an imaginary enclosure in
which the radiant heat transfer from the human body is
equal to the radiant heat transfer in the actual non-
uniform enclosure”




Simulating and predicting TMR

Urban Multi-scale Environmental Predictor (UMEP)
a climate tool, presented as a plugin

@ soLWEIG

for QGIS, designed for a variety of

Spatial data

SkyViewFactor grids (.2p): |

applications related to outdoor

sssss

Tue
2
thermal comfort, urban ener : g -
I 2 it "
sl 25 17 18
° ° 2 u 5
consumption, climate change ’ T~
I Air temperature (degC) Water temperature {degC):
o o . B Relative Hunidty (%) vind speed (i) [20 5
lobal radiation (W/m?): Wind sensor height (m)
II'I Iga IOI ll e Co wimd): [sos0 [£] UTCoffset (rours): (1[5
nnnnnnnnnnnnnn (W) Local standard tmes
Qutput maps Environmental parameters
Ot Oy Emissivity (walls): Albedo (wals):
[ tse anisotro ine @ 2] [ kdown [ idoan Emisshity (ground): Albedo (ground)
w maps (. Select Owp [ shadow
Twurr parameters Optional settings
Absorption of roi@) O] t e
Absorption of |
re of the body: it
[ Adit ivity accor Jonsson et al. (2005)
Con as cyiind ofbox
.
Cutput folder: | | A
consIsts OT a coupie —

modelling system which combines

r———

“state of the art” 1D and 2D models | Spatial explicit model

related to the processes essential for
scale independent urban climate
estimations.




Simulating and predicting TMR

Urban Multi-scale Environmental Predictor (UMEP)
Module Solweig

A model which can be used to estimate spatial variations of
3D radiation fluxes and mean radiant temperature (Tmrt) in
complex urban settings. (Hoppe, 1992).

Vegetation | Vegetation
il Kdn::wn |
DSMs W
Ldnwn =
Ground & Building
Building DSM Wy
Kside il
Shadow ™ Retr
+ Lside ] il
|Ground cover—¥ W 4 T
Ko —
Meteorol.
data e —




Simulating the effects of Gl — other approaches

Mappa TMR (ore
14.00)
b (=)
Il -=35
I 35 - 40
[ 40 - 45
| 45 - 50

Ficarazzi (satellite) 5%
| 55 - 60
| 60 - 85
| 65 -70
| 70 - 75
I 75 - 80
Bl 50 -85

Mappa TMR (ore
17.00)




Case study in high dense urban context

Acireale (Italy)

Uso del suolo
Urbanizzato
[__1 Aree per verde di arredo stradale
[__] Aree per verde urbano
[0 Reti ferroviarie
[ Commerciale
[ Industriale e artigianale
[ Cantieri
[ Parcheqgi
[ Piazze e spazi pubblici pedonali

iale alta densita
[ Residenziale bassa densita
[ Residenziale media densita
[ Altri usi

Agricolo
I Misto
[ Agrumeto
[ Altre colture

[] Seminativo semplice

[ oliveto

[ Colture ortive

[ Aree agricole abbandonate

[ serre

I vivai
Naturale-seminaturale

[ Vegetazione arbustiva/erbacea

[ spiagge rocciose

[ Vegetazione rada o assente




Simulating TMR

o Tmrt_1985_190_1300D_2
Scenario 0 - Current State S

.~ 53.0455560684204

64.5057735443115
. 75.9659910202026
I 87.4262084960938

Land cover below canopy

LAND COVER BELOWE CANOPY - Bare soil
I Buildings
I Grass
[ Paved Y
Q } 3 %1 Vegetazione (altezze
ad QM B 1-5
Es5-10
Bl 10-15
Il 15-20
"o,
% )
s
0 100 200 m
|




Simulating TMR — greenery scenarios

Scenario 1: maximization of greenery, high
costs, maximum espected effect
Localization criteria:

» beside buildings’facades

* /n public spaces/parking areas

* /n private courtyards

LAND COVER BELOW CANOPY

Vegetazione (altezze)
[[1-5

Bl s-10

Bl 10-15

Il 15-20




Simulating TMR — greenery scenarios

Scenario 2: Half of the area covered by trees in
Scenario 1, medium costs

Localization criteria:

» beside buildings’facades

* /n public spaces/parking areas

* /n private courtyards

LAND COVER BELOWE CANOPY

Vegetazione (altezze)
Sty J1-5

L ' Bs-10

A 7 I 10-15

/ . 1520

\\",

\‘*
\,__\
>

‘00 m 0 100 200 m




Simulating TMR — greenery scenarios

Considerations: o

- Impact of new trees on overall _:E@J i
TMR is visible but not dramatic T

- Localized decrease (just below q, |
canopy) ;}‘é*[ 1t

- Limited mass effect of the
canopy in reduction of TMR ’“

- Economic resources for greenery
to be concentrated in highly lf

used streets and public spaces



Simulating TMR — low scale design scenarios

Which tree goes where?

Suitability of tree species to be
planted in highlighted areas in

terms of:

- size at adult stage
- cost of deployment
- climate suitability

N BN U1 SELELIVING UEGLI ALDEN
-creazione di biodiversita all'in-
terno del contesto urbano;

-inserimento degii aiberi tenen-

pi
alberi n chioma stretta);
-creazione di un ambiente non
solo piu confortevole termica-
mente, ma anche pil piacevole
del punto di vista estetico;
-attenzione al contesto architet:
tonico per evitare la coperture
delle facciate architettonica-
mente rilevanti;

i :!':;;,N*:es".z.':n: :c!are delle strade
in cui sono previsti gli interventi
E [valenza di specie semprever-

per limitare gli interventi di
nutenzione;

)mpensazione della differenza
quota dell'area in prossimitz

3 el campo sportivo, che si trove
:' quota pitl bassa rispetto a Viale
egina Margherita, con la sceltz

o L
— del Caipino {alto, con chioma
che cresce nella parte alta del
tronco).

- endemic status
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COLUMELLA

seguito delle analisi sulla TMR
ite la procedura UMEP in

.
4 fito alla situazione attuale
L 3
ULMUS COLUMELLA _,‘l_‘.-f TIPOLOGIA SEMPREVERDE PLATANO OCCIDENTA'-E ".‘_’& TIPOLOGIA SEMPREVERDE 2 R rﬂ‘ rio 0) e classificando i
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* DIAMETROAMATURITA  2m NNETOAMIURTA 248 i si & deciso di integrare
1 ) i vegetazione su unal-
preesistente di 3.89 ha.
f ALTEZZA A MATURITA 15-20m ARG 630 i Llare le aree interessate
L nto sono:
PIENO SOLE * -sezioni stradali
ESPOSIZIONE MEZZOMBRA -parcheggi pubblici
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