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If | was a peach
grower..

Prunus persica ‘Stark Redgold’ = 400 g/ha &




Effect of training on yield
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Quantification of urban trees ES provisioning
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Quantification of urban trees ES provisioning

Micro-climatic models

F=¥% %xC
PMx
— 1
d = rgtn+r

Cooling

CO,_storage and sequestration

Growth curves

Tuble 1 Purmmeter estimates for llometric equations relating volume (m”) and diameter breast height

(THEH, cm}

Tree spacies (Spp. Code) n b R EMSE
Fravim peunzyivamica (FRIPE) 54 E-(H 2. 20 0987 0175
inteditsia trancanthos (GLTR) 50 E-H 1M 0,988 .148
Tilia cordate (TICO) 9.4 E-4 2042 1.8953 257
{roerons macrmomrpe {QUBA) 24 E-d 24325 1.5934 1365
Ll pocidentalis (CEDC) 1.4 E-(13 1928 0,959 01,2493
Ltz gmericam (LLAM 1.5 E-03 15649 524 0268
Acer platannides (AUPL) 1.5 E-03 1.7ES 00,5940 (.280
Ltz pramiler {ULIFLT) 44 E-0F 1613 ny74 01,441
Fopulus sargentii {POSAD 2.1 E-3 1.873 095 0,181
Grymmociadus aiofous (YD) 437 E-d 2059 0316 411
Aver soechartmen (ACSA) I E-H 22202 0964 (1.334

Parumeter values are given for each individual species. The equation form is Volume = sl DBH)"

McHale et al., 2009, Urban Ecosys

Mariani etal., 2016, STOTEN
LIFE URBANGREEN
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LIFE URBANGREEN (2018-2022)

2 cities: Rimini (IT) and Krakow (PL)

10 model woody species in each city

Aims:
1- Use eco-physiological traits for ES
estimates

2- use tree eco-physig

B8N0 LIFE URBANGREEN LIFEM™S CREEN
EUSB (1IF517 CCA/ITA/000079) & URBANGREE




Experimental sites

Parameter (30-y-average) I 2

Climate zone (Koppen) Cfa
Tmin (°C) 8,6
Tmax (°C) 17,6
Rainfall (mm) 705
Size of experimental area (ha) 250
Planting density (plants/ha) 179

Mlain pollutants in Rimini

w i

RPN LIFE URBANGREEN
SO0 (LIFE17 CCA/ITA/000079)

Fig. 1 - Average PM10, PBA2.5, and NOZ in the two cities
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Main pollutants in Krakow
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Stratification

Experimental areas were stratified in:

Paved areas: street trees, trees in parking lots,
tree planted in well-defined planting pits or with
visible conflicts with the built environment

Unpaved areas: tree in parks and gardens,
growingin unpaved soil with negligible conflicts
with the built environment

B788 LIFE URBANGREEN
&40l (LIFE17 CCA/ITA/000079)




Trees in the experimental areas

* Ten model species per city were selected
* The selected genera accounted for 65% and 57% of total tree population in Rimini
and Krakow, respectively

Species __________________An__________ |DBHmin(cm) _____ [DBHmax.(cm)

80 7.50 67.62 —
Aesculus hippocastanum L. 105 5.00 76.43 e
Ligustrum lucidum Aiton 76 8.00 30.90
78 5.30 77.55
78 7.50 92.36 Sm—
12 4.00 37.88
110 11.50 109.18
Quercus robur L. ‘Pyramidalis’ 89 8.00 51.43 ==
109 6.20 58.93 —

Acer platanoides L. 135 5.00 84.39
Aesculus hippocastanum L. 125 4,50 109.71

Cornus alba L. 29 2.23 8.46
Fraxinus excelsior L. 128 4,50 84.87

Populus nigra L. ‘Italica’ 96 7.00 96.80

126 5.00 129.14

Sorbus aucuparia L. 103 4.00 50.64

Tilia cordata Mill. 146 5.00 74.73

Ulmus laevis Pall. 87 4.00 118.15

R




Tree age, DBH, and crown radius

Tree age was retrieved with the assistance of
Antheaand ZZM (municipal tree care
companies)

About 800 combined measurements of stem
DBH, crown radius and crown projection area
(CPA) were done percity (Pretschet al., 2015)

For multi-stemmedtrees, diameterwas
measured at 30 cm height following the I-Tree
protocol.

Data were used to generate allometric curves that correlate
tree age with DBH and DBH with CPA

DBH = b*age?

CPA =T * Reanopy? = T * (b*DBH?)?

Species b a R2 Function
Acer negundo 1,11393344815083 0,92401978988030 0,883 DBH= b * age®
2‘;5;';’2 "C’; anum 0,95897047949680 | 0,99963633912339 | 0,947 DBH = b *age®
Quercus robur 2,10141368488829 0,75820986641471 0,736 DBH= b * age®
Prunus laurocerasus 2,25460849836377 0,61414876018813 0,468 DBH= b * age®
Quercusilex 2,90733535606017 0,66277907159766 0,781 DBH= b * age®
Ligustrum lucidum 3,56302969814312 0,45074695375881 0,416 DBH= b * age®
Populus nigra 1,28491363078834 1,00839853426417 0,897 DBH= b *age®
Platanus x acerifolia 0,65017485710193 1,14619326101069 0,858 DBH= b *age®
Tilia x europaea 1,50390917211331 0,90314882990627 0,887 DBH= b *age®
Pinus pinea N.A. N.A. N.A. N.A.

u., LIFE URBANGREEN | Project partners introduction




Leaf gas exchange per unit leaf area

An infra-red gas analyser was usedto screen plants
for net CO, assimilation (Asat) and transpiration
(Esat) per unit leaf area.

Three leaves per plant (from apical, medial, and
basal canopy layers) were placed in a cuvette, under
7 set external CO, concentration (=420 ppm),
temperature (=ambient) and irradiance (=saturating)

Measurements were conducted from summer 2018
tofall 2019 on 14 (Krakow) and 11 (Rimini) replicate
.» plants per species and strata, selected as
representative of each species DBH-distribution.

Al . Asatand Esat were measured on a total of 4356
: ! (Krakow) and 3564 (Rimini) leaves over the
. experiment




Refining the leaf gas exchange measurements

Full sun and shaded leaves coexist within a canopy

]

* Thecanopy of
each plant was
dividedin2
layers (apical (a)
and basal (b)
canopy layers).

* Eachlayer
consistedin sun,
external (e) and
shaded, internal
leaves (i)

.R. minime

i

Six replicate plants per species and strata were selected
for daily leaf gas exchange measurements

About 6900 leaves were measured in each city over the
experiment

Photosynthesis is not constant through the day

Daily CO2 assimilation

s Full sun
» Shade

Hour of the day

Daily measurements on each leaf class were
conducted at 4 time-points per day on the
same individuals: morning, midday,
afternoon and night, at growing irradiance

LIFE URBANGREEN | Project partners introduction



Upscaling from leaf to canopy

Multi-layer — definition and calculations

The canopy is divided in layers: we used two
shaded layers (apical and basal)

Apical

* Each layer is divided into full sun and shaded
leaves

e AtreeML=CPA * (Adaily,,, * LAl + Adaily 4e
* I-Alshade)

Basal

Equations to calculate sun and shaded leaf area:
LAI,, = = 2c0s0 * (1 — e 0-5"Q*LAl/cosb) g
LAl 4. = LAl = LAI,,

AtreeML = CO2 assimilation perday per tree where 0 is solar zenith angle (rad)
CPA = crown projection area

Adaily = CO2 assimilation per day per unit leaf area
LAl = leaf aea index LIFE URBANGREEN | Project partners introduction



Plant, Woody, and Leaf Area Index

The apparent effective Plant area index (i.e. half of total leaf + woody area per
unit horizontal soil area) was measured using the ceptometer Accupar on 6
(Rimini) or 7 (Krakow) replicate plants per species and strata.

Measurements were conducted in May, June, and July between 11.30and 14.30

Measured PAle

= ‘N

Leaf angle distribution Clumping WOOdV area/Plant area

Chianucei et al., 2018

N ’ For details, see Yan et al., 2019, Agricultural
True LAI

and Forest Meteorology 265: 390-411



Net CO, assimilation per unit leaf area at saturating irradifince

CO, assimilation per unit leaf area (Rimini)
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Different letters denote significant differences among species at P<0.01.
* denotes significant differences between strata at P<0.01.

A (rmedrarsil med 515

it

5]

i4

111

=

-

€O, assimilation per unit leaf area [Krakow)

!

b

dr i

& ﬁ‘ﬁf

. o
L*qu”"ff

B Park B 5ireet

&



g CO2 m-2 day-1

g CO2 m-2 day-1

Daily CO, assimilation per unit leaf area of full sun and shaded leaves
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Ligustrum lucidum (Rimini)
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Acer platanoides (Krakow)
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From leaf to canopy




Daily CO, assimilation per tree over a 65-yr life-cycle (Rimini)

Park trees:

Q. Robur ‘Pyramidalis’ had
higher Atree (about 0.594
kg CO, day!) for 12 years
after planting.

® Then, P. x acerifolia

‘28 outcompeted other
species (16.4 kg CO, day™?)

Parks trees (kg CO2 day-1)
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Street trees:

® Tilia x europaea had higher
. Atree (about 0.368 kg CO,

L day!) forabout 15 years
after planting.

Then, P. x acerifolia
displayed higher Atree
(5.80 kg CO, day™?)

Street trees (kg CO2 day-1)




Daily CO, assimilation per tree over a 65-yr life-cycle (Krakow)

Parks trees (kg CO2 day-1)

Q. robur and F. excelsior
provided higher A;,.. in both
parks and streets (upto 8 kg
CO, day?! 65 years after
planting)

In parks, to get the best
from ash, life-span should
be enhanced

A. platanoides is suitable for
short-term street tree
plantings because itis the
species which had higher
Airce in the early post-
establishment period
(about 0.150 kg CO, day?
for a Norway maple 10
years after planting)



CO, storage and sequestration

A terrestrial laser scanner RIEGL VZ 400i was
used by project partner Progea 4D to collect
point clouds of 120 trees, during the leaf-off
period.
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Point clouds were converted into
volumes of trunk and main
branches using specific algorithms




CO, storage and sequestration

Volume of trunk and main branches was fitted against
DBH using a sigmoid function:

— ~b+a/DBH
V,pg = €213/

CO, storage was calculated as:

CO,stored =3,66 * 0,5 * 1,28 * V. * Dry Dens.

CO, sequestration was calculated as:

CO,seq = CO,stored,, — CO,stored,,

LIFE URBANGREEN | H

Rimini

Species a b R2

Acer negundo -35,7711| 1,653179 0,884
Aesculus -33,6502| 0,942429 0,831
Pinus pinea -91,1965| 2,987833 0,933
Platanus x acerifolia -69,1771| 2,603085 0,918
Populus nigra -38,2988| 1,699492 0,936
Quercus robur -47,2277| 2,266188 0,92
Tilia x europaea -42,7314( 1,94052 0,955

Krakow
Species a b R2
-34,2043| 2,076399 0,839

Acer platanoides -29,4897| 1,965524 0,947
Aesculus hippocastanum -117,059 3,2689 0,93
Fraxinus excelsior -63,7319] 2,794103 0,639
Populus nigra -25,2792| 1,930312 0,957
Quercus robur -49,9971] 2,628975 0,715
Sorbus aucuparia -40,8968] 1,828555 0,95
Tilia cordata -50,5123| 2,648696 0,95
Ulmus laevis -51,7651| 2,845154 0,893
Pinus nigra -33,6061| 2,166258 0,951




Rimini CO, storage in Rimini and Krakow

In Rimini, the CO, stored by a tree over a 65 years life-
o cycle ranged from 1750 kg CO, (A. hippocastanum) to
= | 7203 kg CO, (P. x acerifolia)

/; Q. robur ‘Pyramidalis’, T. x europaea, and P. nigra stored
more CO, than P. x acerifolia within 30 years from
planting

Krakow

//;‘ In Krakow, the CO, stored by a tree over a 65 years life-
,a.f,f’f cycle ranged from 1230 kg CO, (Cornus) to about 9350
i kg CO, (F. excelsior, Q. robur, U. laevis)

5 -~ — P. nigra stored more CO, than other species within 20
/_/.f’ et years from planting

IGREEN | Project partners introduction



Rimini

CO, sequestration depends on species and plant age

The peak of CO, sequestration may be related to
tree longevity (e.g. short-lived species like poplar
peak early; long-lived species like oak, London plane
and ash showed delayed or long-lasting peak)

CO, sequestration in Rimini and Krakow

Annual CO, sequestration in the two cities ranged
from 20 to about 220 kg CO, per year




CO, sequestration vs. CO, assimilation

. Rimini The ratio between CO, sequestration and CO,
. assimilation negatively scaled with DBH
: v = -0,0066x + 0,4799 The amount of assimilated CO, allocated to
. R*=0,3059 woody growth is affected by plant age
. s .-i :: . # ; "‘1- L] = .
A . _ ) Krakow
. . ‘ PO .. * y=-0,0054x +0,6023
Newly established trees allocated 48% z S _ R*=02998
(Rimini) to 60% (Krakow) of photosynthates to ¢ ° A D :
growth * L
- o . .
o . ¥ ’

Late mature trees, instead can allocate less
than 10% LIFE URBANGREEN | |



Fate of assimilated CO,

Growth of woody biomass

Fine roots, root
exudates,

o < s Secondary
mycorrhiza metabolites
Long-term storage as soil
carbon
The biosynthesis of a
single phenylpropanoid can
Leaves, flowers, take 2.6 to 5 g of
frui assimilated CO2.
and ruit R These compounds can be
Short-term storage, but €5Erves accumulated in the xylem
depends on management and may contribute to

long-term carbon storage

Herms e Mattson, 1992, The Dilemma of plants: to grow or to defend. Quat. Rev. Biol., 67(3): 283-335



Coolmg by transplratlon

g g = EE 5 AT
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* When 1 dm3 of water evaporates from Ieafsurface it d|5$|pates 2450 kJ of energy as Iatent heat

A

=

Using the same methodology as for CO, assimilation, we used transpiration per unit leaf area data to
! ca Iculate ca nopy water use and the latent heat d|55|pated by ca nopytransplratlon




Latent heat dissipation by individual trees 30 years after transplant

Latent heat dissipated in Rimini (kWh tree! day'!) Latent heat dissipated in Krakow{kWh tree’ day’)
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On average, a tree planted 30 years ago accounted for 1,8 air conditioning devices (min. Ligustrum in Rimini = 0,31;
max Q. robur in Krakow =5,8)

More intense pruning (often topping) in streets, particularly in Rimini, reduced the cooling benefit, with higher
impact on species with broad canopies

Cultivars with narrow canopies cool less than those with broad canopies

"u-m



Air quality amelioration (Particulate Matter)

ﬁ' sustainability ﬁﬁ:\py j £
Article

Particulate Pollution Capture by Seventeen Woody Species
Growing in Parks or along Roads in Two European Cities

Irene Vigevani 2.3-#00, Denise Corsini 277, Jacopo Mori 2, Alice Pasquinelli ¥, Marco Gibin !, Sebastien Comin !,
Przemystaw Szwalko 3, Edoardo Cagnolati ®, Francesco Ferrini 2 and Alessio Fini V0
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PMx accumulation per unit leaf area
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Conclusions

We used a hybrid model supported by
extensive field measurements to apply plant
ecophysiology to ES quantification.

Urban vegetation may contribute more to
CO2 removal than previously expected

ES delivery per unit leaf area, total leaf area,
and plant size at maturity are key
determinants of ES

Do not top or over-prune trees: that will

greatly reduce the benefits, particularly in
trees with broad canopies

LIFE URBANGREEN | Project partners introduction




Conclusions

» Species selection affected ES delivery

CO, assimilation

CO, storage

Cooling by transpiration

PM removal

B

 Don’t forget speciesdiversity (e.g. 30-20-10 or 5% rules)
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