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Warming stripes
Annual global temperatures from 1850-2017
The colour scale represents the change in global temperatures covering 1.35°C
https://www.climate-lab-book.ac.uk/2018/war rpe
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City Species Number Diameter in Tree Height Height to Crown
(sampling of Breast Height [m] Crown Base Projection
vear) Sampled [cm] [m] Area

Trees [m*]
Sapporo Abies sachalinensis MAST. 110 334 17.5 6.3 284
(2012) (20.0-77.5) (113-320) (20-185) (4.6-1489)
Prince Picea glawca (MOENCH) 143 40.6 27.5 7.2 227
George VOSS (27.7-56.5) (17.7-368) (1.8-166) (4.8-612)
(2012)
Berlin Tilia cordata MILL. 265 442 16.9 4.7 823
(2010-2013) (165-81.1) (81-291) (18-151) (19.8-2864)
Munich Aesculus hippocastanum L. 231 63.3 16.1 3.3 99 4
(2013) (19.6-117) (74-272) (05-97)  (25.6-256)
Parnis Platanus x hispanica 171 64.8 18.8 47 147.5
(2013) MUNCHH. (40.3 - 144) (6.8 - 34.5) (2.5-10) (23 - 648.5)
Santiago de  Robinia pseudoacacia L. 136 414 153 2.7 146
Chile (198-561) (48-315) (1.7-63)  (1.5-490)
(2012)
Cape Town  Quercur robur L. T2 67.9 15.6 3.7 168.2
(2011) (403 -1129) (9.7-22.8) (2.1-7.3) (569-341.7)
Hano1 Khava senegalensis 163 734 226 56 136.9
(2012) (DESR.) A JUSS. (441-1231) (141-36.0) (22-107) (31.0-4215)
Brisbane Araucaria cunninghamii 126 40.7 17.3 3.2 455
(2013) ATTON ex. D.DON (157-1295) (3.1-335) (06-71) (84-4228)
Houston Cuercus nigra L. 183 599 16.2 3.8 162.6

(2014) (34.2 - 98) (10 - 25) (12-11.6) (37 -442)
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How can we mitigate urban climate change?

Bt

urban forests

and their ecosystem services

carbon storage (McPherson 1998, Nowak & Crane 2002)

cooling by transpiration (Pretzsch et al. 2015, Rahman et al. 2017)
reduction rainwater discharge (Xiao et al. 2000a, Xiao et al. 2000b)
shading (Akbari et al. 2001, Dimoudi & Nikolopoulou 2003)
air filtering (McPherson et al. 1997, Pretzsch et al. 2015)

Quantity Is depending on number of plants, species, age and dimension,
vitality, climate and site conditions
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CityTrtee a proceshasedmdndduatree growth medel

Driving Forces

Solar radiation
Temperature
Relative Humidity

Wind Speed
Precipitation

Atmosphere

CO, Concentration

Process-
based
Individual
Tree Growth
Model

Soil Information

field capacity, wilting point
rooting depth,...

Tree information

Species
Age
DBH
LAI
Height

Crown projection area
Crown diameter

photosynthesis

phenology and plant development

water balance

Evapotranspiration accoding to Penman
(DWA 2016)

precipitation .

&

lt:l;nJ Hon

allocation

Distribution of gained C between the different compartments

aboveground biomass bm,

bm, = bmg, + bm,+ bm,  + bm,,

bm,, biomass of the foliage
bm,  biomass of the branches and twigs
bm,, biomass ofthe buds
bm biomass of the stem

piration

stem

water content

bm,,, free carbon pool
= non structural carbon [NSC
(fraction of the living woody tissue)

belowground biomass bm,

bmb = bm', + bm“

bm,, fine root biomass
bm,, coarse root biomass
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CityTrtee a proceshasedmdndduatree growth medel
Mean biomass growth for individual trees
Atmosphere iIn Central European cities

Tree information

CO, Concentration 120
Species T. cordata
Age R .
. pseudoacacia
DBH 100 D
Driving Forces ey LAL AR R A. hippocastanum
Solar radiation based R 80 P. x acerifolia
Temperature individual Crown projection area 8
Relative Humidity Tree Growth Crown diameter =
Wind Speed — 60
Precipitation filode. ’ 8
o)
Growth ~ 40

Structure

Soil Information N

field capacity, wilting point
rooting depth,...

growth 100
over time
age [yrs]

Growth pattern
Space occupation
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CityTrtee a processhasedimanddual treegrowt taedel o o
Mean annual transpiration of individual trees

e in Central European cities

Tree information 140

CO, Concentration

. T. cordata
Species
Age 120 R. pseudoacacia
DBH ,
Driving Forces Process- LAl A. hippocastanum

Height 100

Solar radiation based

P. x acerifolia

Temperature Individual Crown projection area %
i idi Crown diameter 80
\F::if::i::dmldlw Tree Growth —
-
Precipitation o2l ()
o 60
Growth ME |
StrUCture 40 ooooooooooooooooooooooo
Soil Information ‘ ......................
field capacity, wilting point ' h
. 20
rooting depth,...
growth 0

over time 10

20 30 40 50 60 70 80 90 100

age [yrs]

Growth pattern

Space occupation
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CityTtee a processhasednudnidualtreegrowtmmaedel | | S
Mean annual cooling potential of individual

trees in Central European cities

Atmosphere

CO, Concentration Tree information 100.000 BT cordata

ip:c'es 90.000 @R. pseudoacacia
DgH 20,000 B A. hippocastanum
Driving Forces Process- LAI ® ' B P. x acerifolia
Solar radiation based Height - L 70.000
Temperature Individual Crown p.rc:jectlon area + £0.000
Relative Humidity Tree Growth Crown diameter 8_
Wind Speed Model - 50.000
Precipitation ’ ; | 40,000
< :
Growth 30,000
Structure |
Soil Information ‘ 20.000
field capacity, wilting point |
rooting depth,... ' d
growth 35-75 >75

over time

age class

Growth pattern
Space occupation
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change of productivity under changed future climate conditions*

Atmosphere 20

: : lime
CO, Concentration Trezinforaior 15 | / robinia } Miinchen
Species 10
Age
DBH o °
Driving Forces Process- LAI ] 0
Solar radiation based Height - 9: 5
Temperature Individual EI'OWI"I :.rc:jec:mn area = " _
H H: H rown alameter -
:‘f_'a;':e H”dm'd'tv Tree Growth robinia
In pee 15 )
Precipitation VIODE! —  Wirzburg
e lime
Growth 9t _
Structure
Soil Information . 10 20 30 40 50 60 /70 80 90 100
. e . . Alter
field capacity, wilting point *: climate scenario A1B based on the climate model WettReg; change of the long term averages
SIELE L D (1985-2014) vs. (2071-2100)

growth
over time

Growth pattern
Space occupation
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Annual biomass increment

kg per tree

120

100

Tilia cordata

e Development of a manual for city planners, architect

Robinia pseudoacacia

| landscape planners, scientists and landscapers:

Cooling by transpiration

120.000

100.000

80.000

60.000

kWh per tree

o |

40.000

—

20.000

Tilia cordata

Annual transpiration amount

140

120

m? per tree
& &

=

120.000
Robinia pseudoacacia

Urban trees under climate change: Growth patterns
ecosystem services and perspectives

140

Tilia cordata Robinia pseudoacacia

Figures and tables for
growth patterns
dimensional changes

CO, storage

350 350

Tilia cordata Robinia pseudoacacia

ecosystem services
L for Central European cities
=8 under present and future climate conditions
0 0 Bayerisches Staatsministerium fur ; |
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iIndividual tree

Tilia cordata Robinia pseudoacacia
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varying urban forestry
parameters
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0 Global climatechange and the urban climate have a strong influencetoee
growth and ecosystenservices

0 By usingprocess baseanodels, ecosystenservicescan be quantified particularly
for future climate conditionsand for varyingurban forestry measures

0 Detalledinformation is neededabout species and age dependent growth patterns
and ecosystem services

o0 Thus,mitigation effects of the urban green oarban climatechangecan be
simulated

0 Information on species and age dependent ES can help landscape planners anc
architects to adapt our growing cities to climate change
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