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CliMax

Maximizing the carbon sequestration in
__ urban trees: Developing knowledge and
M tools for climate change mitigation and

ISODRON ES adaptation with multifunctional urban
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Trees regulate our climate...

Forests strongly reduce perceived temperatures...
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Increasing heat stress outside the forest
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...but they need sufficient water...
The World’s Roots Are Getting Shallower

Root-filled soils are hot spots of nutrient cycling and carbon storage. New research finds that the world has lost millions of cubic
meters of rooted soil volume—and we’re on track to lose much more.

The climate dilemma

Temperature -4
Precipitation -4
Extremes + ‘. ...the shallow root zone is

the most vulnerable...

Too many shallow rooters
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Urban environments
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How DO these trees survive?
How WILL these trees survive?
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Questions

Which water sources are trees using (in different settings)?
How much water is and will be available for trees?

How can we mvestlgate this?
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Stratzlawski
El verdadero cerebro de los Isodrones
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I can be a scientist
if my hair looks
like a rainbow
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Kathrin Kithnhammer (‘Deuteria’): Malkin Gerchow (‘Superfly’) Alberto Iraheta
Dinamica a corto plazo de la absorcién Imagenes UAV para la estimacion de la (‘La maquina’)
transpiracion y los parametros del dosel. Recarga de aguas
subterraneas
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= Root excavation: measures root presence,
destructive, laborious, not always possible

= Root length density: measures root
presence, destructive, not species-/tree —
specific, error-prone

= Monitoring of soil moisture: measures root
water uptake, quantitative, installation not
always possible, not species-/tree-specific
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Methods

How to study root water uptake depths?

= Geophysical methods: non-destructive,
spatially integrated, species-/tree —

. & specific

= Water stable isotopes: semi-destructive,
species-[tree — specific, measures root
water uptake (not presence),
quantitative if combined
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Methods

The Oxgen atom
exists in different forms
(= isotopes):

8 protons
8 electrons
8 neutrons

8 protons
8 electrons
9 neutrons

8 protons
8 electrons
10 neutrons

The
H,O

water
molecule

5K
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Water Stable Isotopes

The Hydrogen atom
exists in different forms

(= isotopes):

1 proton
1 electron

1 proton
1 electron
1 neutron

1 protons
1 electrons
2 neutrons
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Methods

Water Stable Isotopes

Plant water isotope
composition + soil
water isotope profile

(EMMA-end-member
mixin analysis)
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Contribution of different soil
depths to transpiration

surface

surface
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0.2-0.5m 0.6-1.0m 1.0-4.0m deep&gw

0.2-0.5m

0.6-1.0m 1.0-4.0m  deep&gw
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Methods
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Novel In Situ Methods

Less destructive = less tree damage

= Continuous monitoring possible

= Combined with soil moisture sensors & sap
flow: qualitative AND quantitative
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[ 9] B2WALD: A tropical rainforest under drought

pre start of end of i
drought  drought drought § . _

~3000 L of deuterium- (8" y T e
enriched water '
injected via drainage
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= Uptake depths/amounts? \% BT

pre
drought

~3000 L of deuterium-
enriched water
injected via drainage

= How do they change with g %& o

drought/rewetting?
Usage of water
(storage refill / mixing?)
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transpiration

No obvious ﬂlb"
Chq“ge in

water storage

or transport

Storage/
mixing

storage refilling

uptake depth
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B2WALD: A tropical rainforest under drought

2280

All studied large tropical
trees access water at soil
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[»] B2WALD: A tropical rainforest under drought
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(b) CFS uptake source
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Deep roots help tropical trees endure
droughts but total transpiration fluxes are
driven by precipitation.
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Deep roots are extremely important under
natural conditions — but how about urban trees?

Braunschweig

= 3species: Baumhasel, Winterlinde,
Pyramideneiche

= 3levels of sealing: unsealed, partly
sealed, fully sealed

= g5soil plots, 27 trees monitored

= Sap flow sensors

= Soil moisture sensors at each plot down
to 2m soil depth

£ P _ o
“. i /‘é’\ ;?‘? VoIkswagenStlftung i% %3 Universitit
=i . ISODRONES * * ' * e Braunschweig




Deep roots are extremely important under
natural conditions — but how about urban trees?

Technische
% Universitat
'Y Braunschweig

T e e n S
P i S 5
N .. @® Volkswagenstiftung : %

o
ISODRONES T

=




Soil water content
Baumhasel

Baumbhasel - unsealed Baumhasel - sealed

Baum-Hasel Linischkamp (nicht versiegelt) Baum-Hasel Langer Kamp (voll versiegelt)
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Unsealed: lateral water inflow from drainage channel, no deep soil reaction during July/August rains
Sealed: fast shallow surface reactions, dry deep&intermediate soil
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Pyramiden-Eiche SchillstraBe (voll versiegelt)
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Pyramiden-Eiche Prinz-Albrecht-Park (nicht versiegelt)

Niederschlag [mm)]
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Pyramiden-Eiche Georg Eckert Strafe (voll versiegelt)

2023-5ep

Generally low water availability deeper 5o cm
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Pyramiden-Eiche SchillstraBe (voll versiegelt)
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Pyramiden-Eiche Prinz-Albrecht-Park (nicht versiegelt)
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Pyramiden-Eiche Georg Eckert Strafe (voll versiegelt)
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Generally low water availability deeper 5o cm
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Bodenwassergehalt [%ovol]

Could be deep water uptake
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Soil water content
All plots

=== Prinz-Albrecht-Park (nicht versiegelt)
—— Langer Kamp (voll versiegelt)

=== Linischkamp (nicht versiegelt)

=== Museumspark (nicht versiegelt)

—— Schillstrae (voll versiegelt)
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Soil water content

Georg Eckert Strale (voll versiegelt)
Prinz-Albrecht-Park (nicht versiegelt)
Langer Kamp (voll versiegelt)
Linischkamp (nicht versiegelt)
Museumspark (nicht versiegelt)
Schillstrale (voll versiegelt)
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Bodenwassergehalt in 30 cm [%vol]
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Soil water content

Georg Eckert StralRe (voll versiegelt)
Prinz-Albrecht-Park (nicht versiegelt)
Langer Kamp (voll versiegelt)
Linischkamp (nicht versiegelt)
Museumspark (nicht versiegelt)
SchillstraRe (voll versiegelt)
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Soil water content

Georg Eckert Strae (voll versiegelt)
Prinz-Albrecht-Park (nicht versiegelt)
Langer Kamp (voll versiegelt)
Linischkamp (nicht versiegelt)
Museumspark (nicht versiegelt)
Schillstrae (voll versiegelt)
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m Soil water content vs. sap flow
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—— Baum-Hasel 1

——— Baum-Hasel 2
—— Baum-Hasel 3
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m Soil water content vs. sap flow

——— Baum-Hasel 1
——— Baum-Hasel 2
——— Baum-Hasel 3
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m Soil water content vs. sap flow

—— Baum-Hasel 1
h ——— Baum-Hasel 2
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m Soil water content vs. sap flow

—— 100 cm —— 30 cm
— 15 M —— 50 cm
—_ 200 cm
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Take home

= |F we want to manage trees like we used to, we need to assure water
availability to the upper 5o cm = irrigation is inavoidable

= BUT it would be much better to generate better retention in deeper
soils and allow trees to root deeper

= Monitoring of water uptake is not simple, but important

= Very low water availability below 1m soil depth (sandy soil, no
retention)

= No apparent connection to groundwater (?) = isotopes will answer

» Unsealed and sealed sites behave different, and every site is
different
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Thank you!

dashboard.isodrones.de

ZJ isodrones.com

@ © isodrones Project
© @Isodronesproject
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Extracted canopy thermal
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SCHONER. WILDER. BIOGARTEN.

Die natarliche
Vasserpumpe

https://www.krautundrueben.de/

Mean canopy temperature: 36.9°C Temperature classification
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Dual Isotope Plot

delta 018
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Dual Isctope Plot

delta 018
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Dual Isctope Plot

delta 018
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Dual Isotope Plot

delta 018
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