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Introduction nvor\roay

Getting this right...

... Increases confidence in our understanding of this.
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Introduction nvor\roay

Commonly focused on discharge:

Input signal Hydrological Output signal
(Rainfall + Snowmelt) system (Soillspring/stream water)l

-4 —
-8 -;ia- -8
— Complex — 5 /\/\J_\/\/\J
-12 MJW’L flow path 12
-16 distribution -16
‘ > [ Travel time modelling ]

modified from Sprenger et al.: The demographics of water, ...
https://doi.org/10.1029/2018RG000633 3

0180 [%o]




Introduction nvor\roay

But there are other ways out of the catchment!

g))= Q ++ Evaporation

Input signal Hydrological Output signal
(Rainfall + Snowmelt) system
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Age distribution of RWU Hvor [oGY

T = age distribution of water sample T
O = isotopic signature of water sample

O = volumetric soil water content

Basic assumptions:

— Transpiration (T) = Root water uptake (RWU)

RWU



Age distribution of RWU Hvor [oGY

* 1= age distribution of water sample T

O = isotopic signature of water sample

O = volumetric soil water content

* Basic assumptions:

— Transpiration (T) = Root water uptake (RWU)

- RWU =f(R,a) Feddes et al. (1979), Jarvis (1989)

RWU

Root density distribution Water availability = f(0)
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Step 1: Optimize soil hydraulic model to reach a good fit between

simulated and observed soil isotopic depth profiles
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Age distribution of RWU Hvor [oGY

Step 2: Application of virtual tracers in optimized soil hydraulic model
to infer tsoi at each simulation day
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Age distribution of RWU Hvor [oGY

Step 2: Application of virtual tracers in optimized soil hydraulic model

to infer tsoi at each simulation day o
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Validation of modeling approach

* Good agreement between
modeled &rwy and measured
twig xylem water samples. © |
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Validation of modeling approach

* Good agreement between * But only 20 data points in 4 years!
modeled 6rwy and measured
twig xylem water samples. ©_
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from spatially
interpolated in-situ
measurements of 0

* Orwu inferred directly

Higher temporal resolution with in-situ measurements
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Higher temporal resolution with in-situ measurements HYor oGy
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3= Measurements
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at three trunk heights

* Again: good agreement
between modeled &rwu
and measured Oxy
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' '/
[ * Daily measurements of

Oxy With in-situ probes
at three trunk heights

* Again: good agreement
between modeled &rwu
and measured Oxy
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Higher temporal resolution with in-situ measurements HYor oGy

[~ Measurements
| o 6y, (8.0m)
ﬁxy| (1.5 m)

* ... butisthat adelay
between Orwu and Oxyi ?
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Higher temporal resolution with in-situ measurements

'/

Irrigation with D,O labeled
water to generate a strong
isotopic labeling pulse

5'%0 [%0]

6%H [%o]

© © N &» »”

B
O o o

HYDR( 1 OGY

[~ Measurements
— . 6xyl (8.0 m)
6xyl (1.5m) ’“‘ut Model
- B,y (0.1 m) %w\
++ ++ }
= - +
-ty
_.——-w.:.
l
B Artificial labeling

Jun

Jul Aug

15



Higher temporal resolution with in-situ measurements HYor oGy
'/
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Higher temporal resolution with in-situ measurements

Irrigation with D,0O labeled water
to generate a strong isotopic 0
labeling pulse

-May-19
E-May-21
[~ Jun-06

* Obvious difference between &rwu
and Oxy, increasing with 30
measurement height
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Oxyi.r = Orwu*hr
- Suyir = Orwu"hF1

T\R&:leﬁwu*hrwz = 84yir"Nr2
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FPLDs:

—  hea=he(s; a=0.41, B=1, =1.43)
he1 = he(s; 0=4.03, B=1.45, y=0)
—— hr(s: Z=0.9, rna=2.86, 1=0.113)

< hrir2=he1*he2
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* Transformation of Srwu to &xy can
be reproduced via convolution
with appropriate flow path length

distributions (FPLDs)
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Travel times between RWU and 6x, measurement HYDR [0GY

* FPLDs combined with sap flow 20

velocities = Tyy
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. Conclusion HYDR( [oGY

* Established RWU models work fairly well to predict Orwu

* At higher temporal resolutions representation of tree
internal travel times might be necessary for comparisons
between modeled &rwy and measured by

Input signal Hydrological Intermediate signal Output signal
(Rainfall + Snowmelt) system Root water uptake Xylem water
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Thank you for your attention! HYor LoGY

In case of questions and/or suggestions: My work on researchgate:

stefan.seeger@hydrology.uni-freiburg.de

Related contribution at this conference:
BG3.23, EGU22-8274
Fri, 27 May, 14:02-14:07 Room 3.16/17
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