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Urban and peri-urban forests as critical infrastructure and
nature-based solutions

® In Post covid cities, high urbanization and climate change increase risks as
well as demand for urban green spaces
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Trees are dying in Germany at a high rate

® High death of trees in Karlsruhe region due to climate change impacts and

diseases

® Tolerance to stress changes among same species in contrasting habitat

Science of the Total Environment 913 (2024) 169716
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Tree death in cities can have high negative impact

® Our study showed that high tree mortality and increase in concrete areas in city negatively impacts
human wellbeing

Europaplatz Karlsruhe
(Photo: Jorg Donecker)

A dying hazel nut trees near a A dead Spruce tree in a
nursing home, Karlsruhe backyard garden, Karlsruhe
(Photo: Somidh Saha, June 2024) (Photo: Jutta Jahnel, May 2024)
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Learning goals

« To get anidea about supporting/habitat values, cooling potential
and cultural ecosystem services from urban forests

« To know about impact of drought on past growth of city trees

« To know about the cultural values or cultural ecosystem services of
urban forests

To know how to select trees for future planting in cities
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Biodiversity and Ecosystem Function

Benefits to human and nature
(,services”
over ,disservices®)

Biodiversity
(organismic, structure, genetic)

Socio-cultural, socio-ecological
socio-economic variation
Inequity and inequality

How does BEF happen in the Human mterven’uon
It environment, such as street and park trees?

(change in plant-plant, plant-animal, plant-human ﬂ(l'l' rbs#gz;'h*éﬁ,kfg{gem,mm
. . . un stemanalyse
and plant-environment interactions) S




Our mission ©

« To fight for saving city trees from climate change and
urbanization

o To improve the scientific knowledge about them

To support City Horticulture and City Forest Department as
eII as citizens to improve for the care of city trees as well as
Lfeate awareness about the importance of city trees

-
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Solitary street trees
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Solitary park trees
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Are solitary trees in parks
and streets lonely?
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Pilot pond eDNA study
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Karlsruhe

New Haven
Red oak park: 3

Red oak park: 3
Red oak street: 3

Red oak street: 3
Norway maple park: 3

Norway maple park: 3
Norwaly maple street: 3

Norwaly maple street: 3
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Sample collection for eDNA analysis

eDNA analysis by
SGS Global, Lisbon
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Karlsruhe trees had DNA of ca. 280 species of vertebrates and invertebrates
than ca. 150 species of New Haven trees
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Park trees harbor DNA of more species than street trees

Red oaks harbor more species than Norway maples both in streets and parks
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Vertebrates
(different communities between two sides of the pond!)
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Invertebrates
(different community between two sides of pond!)
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Axis.2

Soil ba

cteria

(New Haven samples have more bacterial diversity than Karlsruhe;
different communities in Karlsruhe and New Haven)

PCoA of species detection
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Soil fungi
(Karlsruhe soil samples
contain DNA of ca. 150 fungi
in comparison to ca. 50 fungi
species in New Haven;

different communities in
Karlsruhe and New Haven)

Rubio, A; Bell, M.;
Saha, S (study ongoing)
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Germany USA, New Haven
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Are solitary trees in parks and streets lonely?

« No, absolutely not © Rather, many, many species!

. Park trees harbor more species than street trees (make sense)

. Tree species variation can be there (e.g red oaks vs.Norway
Maples)

-
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Tree health condition, radial growth and
tree cover impact on cooling
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Global change impacts in Germany

e High urbanization:
commercial growth,
population growth,

housing crisis

e More frequent and
intense heatwaves,
droughts, extreme

rainfall events, large-
scale tree deaths

High vulnerability to climate

) Increase in urbanization
change impacts (Rannow et al 2010) (Sledentop und Fina 2010)

24 November 4, 2025



An example of a recent heatwave in Karlsruhe

11082024 . .
- togD-2024 13.08:2024 ® Searing heatwave lasting seven

consecutive days

® Maximum temperature above 5°C
of normal and above 30°C

14.08:2024 15.08:2024 .08: 17:08:2024

Source: Deutscher Wetterdienst

25 November 4, 2025



Crown damage in solitary trees of Karlsruhe after 2018
drought

60,000 - 59,104
@ 40,0001
o
)
ks 74.3%
£
=
=

2000 16,167

3,386 449 467
o8 050
0 -
0-10% > 10 - 25% > 25 - 60% > 60 - 90% > 90 - 100%
Schobert. M and Saha, S. Tree condition (Percentage damaged)

in preparation )
Technikfol bschat
SN TWIS e

Karlsruher Institut fiir Technologie




Crown damage in solitary trees after 2018 drought

28 out of 30 species had 10% or more crown
damage

Evergreen trees are more prone to crown damage

Tolerance of roots to soil compaction reduces
crown damage

Moderate level of crown damage increases with
tree size

Schobert. M and Saha, S.
in preparation

Lyu, H; Gangwisch, M.; Saha, S 2024
Science of the Total Environment
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Tree ring growth, response to drought, and internal

trunk damage between red oaks and native oaks
: _,

Tree ring
research and
sonic impulse
tomography were
used in this study
In addition to
standard
dendrometric
assessment.

Lyu, H, Spoden, L, Saha, S st
Photos: Lisa Spoden N preparation Q(IT ItJS g Ssteranase



Tree ring growth, response to drought, and

internal trunk damage
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Pedunculate oak had higher resistance to drought in the
street and lower recovery time from drought stress in parks

Resistance Resilience Recovery Recovery period
ns * ns ns ns ns 10.0 Lid ns
20 ] L] °
"t : 7.5 .
; ° ° ' .
1.5- : 2 ' d :
50 . ° ‘ '
s
CIE RE ‘
» 0.0+
strzeet pe;rk strzaet pa;rk strz-:‘et pe;rk stréet

E3 Q. robur B Q. rubra
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Pedunculate oak grew slower than red oak, but the
growth of red oaks fell after 80 years!
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Red oaks had more trunk damage in parks than
pedunculate oaks
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Impact of drought on radial growth in other species

Norway maple Hornbeam London plane Common oak Small-leaved lime
Acer platanoides Carpinus betulus Platanus x hispanica Quercus robur Tilia cordata

ir
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Plane and pedunculate oak trees are more resistant to drought and
spring precipitation had impacted maple, oak, and lime trees

0.94

0.7

Estimated response
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-~ Plane
~ Qak
064 —~ Lime
Hornbeam

Reference Rt Rs
(pre-drought)

Sum JJA (prev.

Time period: 1982-2018
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March April
TRW, t*
Maple 013C
o0
TRW; S B
Oak o13C
680
Hornbeam TRW,;

TRW, S b

Lime o13C
520
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510 *
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Hirsch, M, ....Saha, S. 2023
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Soil and tree characteristics were the main drivers
controlling growth, resistance and resilience

Resilience indices x Distance to street

Traffic emissions

X
(/) Soil properties
v

Tree properties

Tree ring width

Time

Hirsch, M, ....Saha, S. 2023 (IT = ey =
Trees - Structure and Function ﬂ _ I t! B ' ke e
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Norway maples’ response during heatwaves
(more ground vegetation reduces stomatal conductance)

Stomatal conductance to H,O — Linear mixed-effects Model

0.20

- Marginal R% 0.11;
conditional R2: 0.53

Stomatal conductance to
water vapor
o o
= =
= 4,1

am - -

0 20 40 60 80 100
Vegetation cover
Figure 3: Linear mixed-effects model of square root transformed stomatal
conductance to water vapor depending vegetation cover as a fixed effect. The
95% confidence interval for the fitted values is shown as a blue-shaded area.

Kramer. D.; Saha, S.
In preperation
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Tree cover and heatwaves

- rumpe

Normalized air temperature in 2.0m
between 18:00 and 24:00 local time

; 'H Relative air temperature (in 2.0 m AGL) for the

Gangwisch, M.; Saha, S.; Matzarakis, A. (2023)
(Urban Climate)
https://www.sciencedirect.com/science/article/pii/S2212095523002183
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Cooling increased with tree cover percentage and proximity to

green space
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Tree cover and air-temperature

= Measured June 25, 2020/ 00:00 - 06:00 == = Modeled June 25, 2020/ 00:00 - 06:00
= Measured June 25, 2020/ 06:00 - 12:00 == = Modeled June 25, 2020/ 06:00 - 12:00
= Measured June 23, 2020/ 12:00 - 18:00 == = Modeled June 23, 2020/ 12:00 - 18:00

28 [ === Measured June 23, 2020/ 18:00 - 24:00 == = Modeled June 23, 2020/ 18:00 - 24:00 —]
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Supply of ecosystem services by solitary trees and
trade-offs between them

Regulating ES

Cueva, J, ...., Saha, S.
2022 (Sustainable Cities and Society)
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Why do trade-offs happen
between regulating ecosystem
services and supporting
ecosystem services?

-
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Tree-related microhabitats are crucial
for supporting ecosystem serwc

Tree-related microhabitats (TreMs)

= Epiphytic, epixylic an(;p‘m-!smc 2 N
: T‘:u;ﬂl u.“fn‘:;o N oaf "
small structures on trees that provide habitats for - A
SpeC|eS F;u;oxuda’u‘s?s;ﬂ run) 1‘ o c.avi:'” /(’Tr;nkv rot hole)
N TR £

'Excrescences (Canker)

\.Af‘}

Fruiting bodies of saproxylic fungi
and slime moulds (Pulpy agaric)

o2/

Tree injuries and exposed
wood (Fire scar)

R VAR L.

Seven tree-related microhabitat forms by Larrieu et al. 2018. Drawing by Valentina Butto

and Celine Emberger (from Martin et al. 2022). Q(IT il
I m und Systemanalyse




Tree microhabitats, bats, and health symptoms

Tree related

roo health [ microhabitats 4{ Bat activity

N=167 N=41

w

N=167

[ e e s - |
| Species origin: |
| Tree habitats: native vs. ,
I street vs. park exotic |
! |
! |
! |
! |
I 4 |
|
|
|
|

[

LyU, H, ey Saha, S = Institut far
2022 (Science of The Total Environment) _ R e



Tree microhabitats, bats, and health symptoms

Trees selection for health and microhabitats

| Land cover classes Karlsruhe
[ Urban area
[""1 Industrial, commercial and transport areas
[ Artificially created non-agricultural land
[T Forest
B
i

= Diameter at 1.3 m height/DBH > 20CNM
» Random selected "

= 42 trees for each category
street vs. park
native vs. non-native
one tree died during field data colleciton

Trees selection for bat activity

DBH > 50CM
om selected within 167

. | 167 Oaks P )
~ ° | @ Quercusrubra Park [ |
' 7 | ® Quercus rubra Street |
| O Quercus robur Park |
@® Quercus robur Street
@ 41 Audiomoth Trees

Lyu, H, ...., Saha, 8"
and 5 more R ’
‘ 2022 (Science of The Total E




Tree microhabitats, bats, and health symptoms

ree stress

Tree ID ilted foliage

Street/Park tree

Abiotic stress

ree stress notes

ree stress area
Number of cut branches

Dieback
Total height
Height to crown top

Height to crown base
oliage and twigs area

Crown width
Crown missing

oliage and

. [ ]
igs notes

Impervious beneath Four of 11 observed tree health symptoms were

involved in the calculation of tree health score

TG symptoms of

h d
Shrub cover beneath SIERERE= =

canop

Lyu, H, ...., Saha, S. o

ocation »

oose bark 2022 (Science of The Total Environment) o

. e
B
= H
Institut flir :
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. Karlsruher Institut fiir Technologie

Crown Light Exposure
CLE

Crown openness %

Dieback |
Epicormic sprouts |
foliage |
Abnormal |
foliage |
nsectsigns |
BB insectsigns

presence |
Diseasesigns |
bole notes




Tree microhabitats, bats, and health symptoms

- Experimental equipment: AudioMoth acoustic recorders

- Attach tree height: 4m

- Recording time: 6:30 pm - 9:30 am, 2 October to 5 October
2020

-  Sampling rate: 256 kHz, Gain: Medium

LR TR ] ‘l



Tree Health Score

>

Tree Health Score

O

Tree Health Score
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Total Height
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Tree Health Score

-

Lyu, H, ...., Saha, S.

2022 (Science of The Total Environment)

Red oaks had better health (lower crown die-back, defoliation, and
discoloration) than pedunculate oaks.

0 20 40 60 80100
No. of Cut Branches

12 3 45 6
CPA (in 100m?)

IT s
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But diversity and abundance of microhabitats are higher in native pedunculate oaks
than exotic red oaks

0.8 | *"l‘ 0.8 1 **’lk 0.8 1 Il 1 | 1 *I

L o ISy
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A Q.robur Q.rubra B Park Street C 0.00.204060.81.0
Species Location Tree Health Score
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© © ©
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Bat activities recorded in AudioMoth survey (we found 9 species of bat
in Karlsruhe ©)

Bat group Bat species (English name) Active % of sites
minutes with group
Myotis group 72 12.2
Myotis daubentonii (Daubenton's bat) 72
Nyctaloid group 623 65.9
Nyctalus leisleri (Lesser noctule) 51
Nyctalus noctula (Common noctule) 567
Eptesicus serotinus (Serotine bat) 5
Pipistrellus group 10,287 100.0
Pipistrellus kuhlii (Kuhl's pipistrelle) / 576
Pipistrellus nathusii (Nathusius's pipistrelle)
Pipistrellus pipistrellus (Common pipistrelle) 9,388
Pipistrellus pygmaeus (Soprano pipistrelle) 323

356 48.8
Plecotus cf. auritus (Brown long eared bat) 356
11,338

» Bat activity: number of minutes with calls of each species.
» Acoustically similar bats were grouped to avoid misidentification _
Lyu, H, ...., Saha, S. m st
A . echnikrolgenapsc atzung
2022 (Science of The Total Environment) o enale
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Bat activities near-native and exotic oak trees at street
and park

.\“ - '\\\\\g‘ -

P TR NS

Y
2y

Brown long-eared bats (Plecotus):

Pipistrellus bats: .
' prefer native oaks

M ore er parks but not

rehtiate species prefer parks Noctule bats (Nyctalus):
| prefer trees with neither differentiate between trees nor
fork split, sunscald damage and between habitats

woodpecker holes

-
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Why do trade-offs happen between regulating ecosystem
services and supporting ecosystem services?

. Large trees with diverse microhabitats can provide

more biodiversity
. But it can conflict with regulating ecosystem services
that need healthy leaf areas for transpirational cooling

e number of large trees is declining

-
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Outlook

. Monitor and study city trees and promote them as
Sentinels rather than Trojan Horses against invasive
species

. Need more field ecological and ecophysiological
studies (photosynthesis, transpiration, radial growth)

. Park and street trees should be managed differently

Why a US city in lower latitude had lesser diversity

) Karlsruhe? (need more data)

ade-off can be mitigated by increasing large trees in

MW henever possible
'y / -
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Thank you
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