S . ‘3* *j'; s ?‘*,’-, A, R "“.';."e__, %ﬁn g 4&51,-,&: ‘ | T
5% \ % gl T N
DYNAMIC PROCESSES REQUIRE APPROPRIATE METHODS TO CAPTURE THEM.'
WHY IN-SITU WATER STABLE ISOTOPE MONITORING NEEDS TO BECOME A

STANDARD METHOD IN FOREST HYDROLOGICAL RESEARCH
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Forests regulate our climate...

Forests strongly reduce perceived temperatures... ot o

Young plantations Mature forests
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Increasing heat stress outside the forest
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[Gillerot et al., 2022]
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groundwater recharge & trees

Humans also need water
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What’s really happening below ground?

nature geoscience 8

Article https://doi.org/10.1038/s41561-023-01125-2

Global patterns of water storagein the

rooting zones of vegetation

Received: 8 October 2021 Benjamin D. Stocker® 2345/, Shersingh Joseph Tumber-Davila®'¢,

Alexandra G. Konings ®', Martha C. Anderson’, Christopher Hain® &
Robert B. Jackson ®*%°

[Stocker et al., 2023, Nat.Geosc.]

Accepted: 6 January 2023
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rooting-zone water-storage capacity varies spatially, is largely
unknown and not directly observable

plant-available water stores >2-m-depth: 37% of Earth’s vegetated
surface

water stored at depth and along the entire critical zone is not fully
represented in models

evident plasticity of root zone depth & water storage are often

ignored
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Water isotopes

Dry Season

Wet Season
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...but traditional methods are increasingly questioned

Mixing
Model

T e m,ﬁg}» PRI
A.erioloba
- laborious & error-prone

- not measuring mobile water pool only
- snhapshot: one point in time

0.8

0.6

- tree is damaged: How often can we sample? Branches accessible?
- methodological artefacts and organic interference
- water extraction + subsequent vaporization: obsolete
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Development and application of novel in situ monitoring techniques

Borehole Equilibration: Testing a New
Method to Monitor the Isotopic |

I'-"'Jq...-
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B2WALD: A tropical rainforest under drought

Biosphere 2, Tucson, Arizona

pre start of
drought  drought

- 3000 L of deuterium-

= _‘-“-l ‘ ‘?-._.'v

¢+ enriched water applied - R e TR S
J » via drainage pipes [Werner et al. 2021, Science]
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= AJl studied tropical canopy trees access
water at soil depths up to 3.3 m.

tree trunk
tree trunk high
transpiration

—— sap flux
— VWCitem
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01.12.2019

01.01.2020

A QU

tree trunk

tree trunk high
transpiration
sap flux
Vwcstem

daytime sap flux density [em h‘w]

01.02.2020

01.09.2019 01.11.2019 01.01.2020

BIOSPHERE 2 | WATER

SPHERE AND LIFE DYNAMICS
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= AJl studied tropical canopy trees access
water at soil depths up to 3.3 m.

. o‘. VolkswagenStiftung ?ﬁ

Increase of
transpiration

No obvious
changein
water storage
or transport

Stem water
storage refilling

[Kihnhammer et al., 2023, STOTEN, under review]

SWILg

'.'.&('g Technische
%3 Universitit 10

%&  Braunschweig

“Nsc

o
=)




B2WALD: A tropical rainforest under drought

= Deep roots help tropical
trees endure droughts
but total transpiration
fluxes are driven by

precipitation
- uptake source
(]
g deep soil
3 soil above
[0)]
iy — deep soil
E ~— s0il above
[Kihnhammer et al., 2023,
01.12.2019 01.01.2020 .
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ISODRONES

Water use strategies of
dry forest trees

Isodrones-Study Site
Costa Rica

¥ TR

g Est :|O?1“E:perwmertal Forestal Horizontes (EEFH)
2 }
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(o ™
(? Tempisque Plo_t %

e

O'Lit tia

‘f-Reserva Biologica Manuel Brenes (ReBAMB)

o I am small but
SFsan Jose o0 my roots
e | reach deep!

| am thirsty,
5 months
without rain...
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Water use strategies of dry forest trees
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Isotopic labeling
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In situ tree xylem water

immediate uptake by Swietenia
macrophylla (Caoba)

no to weak reaction of Sideroxylon
capiri (Tempisque)

in situ vs. destructive: fits well

Kihnhammer et al. (2021), Continuous in situ
measurements of water stable isotopes in soils,
tree trunk and root xylem: Field approval

24.04.2023
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....my five cents ....

= jn situ methods

Continous monitoring of water uptake depths
Measure the mobile fraction of water

Less organic contamination

Great potential when combined with labeling

Improve model performance ., eaard et al. ,2019; Gaj et al, 2017; Yang et al., 2021]

m  Criticism

24.04.2023

Complicated, laborious and high-maintenance — Absolutely true [but see next slide].
Natural abundances possible? - Yes. [Kiihnhammer et al., 2021]

How long can we monitor? - Up to two years in trees. [Marshall, 2022]

Expensive: “not everybody has a laser spec to take to the field!” [... see next slide]
Do we destroy the trees? - No.
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Thank you!

24.04.2023

¢/ isodrones.com
€ O Isodrones Project

® ©@lsodronesproject
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Forests regulate our climate... Q} e

Canopy closure

. R0«

Stand density

A
4 PR .
PO < Q;

Canopy height

Q<Q_ %

Shade-Casting Ability

@Qé

Evergreen species Leaf Area

Forests strongly reduce perceived temperatures...

Young plantations Mature forests
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Increasing heat stress outside the forest QQQ = @@Q

[Gillerot et al., 2022] [Gillerot et al., 2022]
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...towards continous/in situ isotope measurements

content T
sap flow

ntent

., B

soil water ct

Oerter et al., 2017, RCM |

Reviews & Perspectives:

[Beyer et al., 2020, HESS]

[Beyer & Penna, 2021, Front. PI. Sc.]
[Orlowski et al., 2023, STOTEN]

[Volkmann et al., 2016, PCE;
Kihnhammer et al., 2021, RCM,;
Mennekes et al., 2021, HESS; Seeger
& Weiler 2021, Biogeosciences]

[Rothfuss et al., 2013, WRR; Volkmann &
Weiler, 2014, HESS; Gaj et al., 2016, HESS;
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...towards continous/in situ isotope measurements

Reviews & Perspectives:

[Beyer et al., 2020, HESS]

[Beyer & Penna, 2021, Front. PI. Sc.]
[Orlowski et al., 2023, STOTEN]

stem water | o o TN N (PR i [Volkmann et al., 2016, PCE;
content 5 W Py S " ‘% Kihnhammer et al., 2021, RCM;

s 3 Mennekes et al., 2021, HESS; Seeger
& Weiler 2021, Biogeosciences]

[Rothfuss et al., 2013, WRR; Volkmann &
Weiler, 2014, HESS; Gaj et al., 2016, HESS;
Oerter et al., 2017, RCM |

soil water content
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Drones (UAV)

= Thermal imaging:
= Transpiration

= Stom. Conductance

= Crop/plant water stress index

Novel method for
calibration and flight
planning allows to
calculate transpiration
on single leaf scale

[Gerchow et al., in prep.]

24.04.2023

——e— image positions

thermal reference
thermal reference
start / landing
area of interest

_p

Flight planning online:

53,7

127,2

N10°42'45,19"
W85°35'48,98"
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http://www.isodrones.com/flightplanner

Drones (UAV)

- Thermal camera poses are estimated from RGB
photos to form the thermalorthomosaic (dual
sensor)
- Comparison of different calibration methods -

Thermal orthomosaic

Factory calibration
Most accurate ( e )

Calibration accuracy (mean = std)

Flight 3) Factory 4) Continuous
Conditions Calibration + empirical line
Drift correction method (°C)
(°C)
Cloudy 09+1.2 0.9+0.6 I
Sun 3.5+24 1519 |
Partly Cloudy 25+3.3 2.3+3.0 Thermal orthomosaic
overall 93:05 16421 (Continuous calibration)
_\1—\/— “ s e . . ,Eé‘,( u;'_"&e# Technisch
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Drones (UAV)

= Thermal imaging:
= Transpiration

= Stom. Conductance - Enables single-leaf-scale analysis
= Crop/plant water stress index - UAV-borne estimation of T

Extracted canopy RGB Extracted canopy thermal Mean canopy temperature: 36,9°C Temperature classification
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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

H o meters of rooted soil volume—and we’re on track to lose much more.
The climate dilemma /

Temperature -+
Precipitation -+
Extremes -

By . 3 A = e s ,'J' g

Too many shallow-rooters & lack of
niche separation
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tree water uptake - sap flow

—— irrigation
—— precipitation

5 mm
10 mm
15 mm

dry season wet season

dry season wet season

- iImmediate uptake by
Swietenia macrophylla
(Caobaq)

- no reaction of Sideroxylon
capiri (Tempisque)

sap flow [I/h]

Swietenia macrophylla

Kiihnhammer et al. (2021), Continuous in situ | sideroxylon capri
measurements of water stable isotopes in soil ' 02:00 1200 22:0002:00 1200 2200
tree trunk and root xylem: Field approval time of day time of day
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S ' T SRSET sap flow
water stem water content

i lJ

dendrometer
stem water
content ' . [Volkmann et al. 2016,Seeger & Weiler 2021]
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0 ©-% [Volkmann & Weiler, 2014; Gaj et al., 2016 ]
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Drones (UAV)

= Vegetation indices:
NDVI

Tempisque unaffected
by irrigation

- indicator for deep water
uptake by Tempisque?

This would be easy to
identify and investigate!

24.04.202
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shape mean NDVI

shape mean NDVI

Tempagisque plot
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Drones (UAV)

= Vegetation indices:
Composite

- Near-infrared spectral spectral
information visualized (healthy
leaves reflect more)

- Healthy vegetation:

- Non-Healthy vegetation:

24.04.202 Utoronto 2022
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..some more UAYV stuff

» Sampling drone
tempisaue_piot}
v,
A3
NDVI map before irrigation NDVI map after irrigation
= Lateral water uptake
> .... : AT chnisch
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