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Motivation
Á RainfallisoscapesaregreatĄ spatio-temporal investigations

Á Very few studiesinvestigatespatialpatternsof soiland plant 
water isotopes

[Goldsmith et al., 2018]

[Goldsmith et al., 2018, Oerteret al., 2019]
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Á canopy structure affects air 

and soil temperatures

Á soil temperature affects 

evaporation & isotope 

fractionation

CanopystructureaffectstemperaturesΧ

[Gillerotet al., 2022]
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Hypothesis: 

Substantial variations of soil 
water content and isotope 
values exist in heterogeneous 
systems.

Χwe shouldseethis in heterogeneoussystems!

Á Isthis relevant?

ÁWhataffectsthe spatial
distributionof soilwater isotopes?

Á Howdoesthis relate to water
uptakedepthsand water
partitioning?
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Study site

Á Tropical-dry, no rain Jan-May

Á P ~ 1800 mm y-1

RGB NDVI



I. Collection and analysisof 10 soil water isotope-depth profilesand spatially
distinctxylemsampling

- peakof dry season, March 2019
- 0-150cm soildepth
- CVE [Koenigeret al., 2011]

II. UAV overflightsand analysis
(DJI Matrice210, 2xmultispec, 1xthermal cameras)

III. UAV-derivedtemperatureundercanopyvs. soilwater isotope values

IV. Analysis of UAV-derivedvegetationindicesvs. soilwater content& soil
water isotopes [different resolutions]

V. Interpolation (EDK,OK,ID, LR)/Cross-validation usingbestrelationshipsĄ
soilwater isoscapes

Methods
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Results: soil water isotope heterogeneity
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Results: Soilwater isotope heterogeneity

Á Strong surface enrichment of soil isotopes

Á Enrichment down to 100 cm, source: late 

rainy season rainfall

Á Range of ɻ2H highestat 10 cm, but large range

throughout
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H1: soil water isotopes vs. soil temp.

9

A novel method for
calibration and flight

planning for thermal data
aquisition

[Gerchow et al., in prep.]

04.05.2023

Á Soil temp at each plot extracted from 

calibrated thermal image

R²/correl.

soil depth [cm] 5 10 20 50 100

Tsoil vs. ɻ 18O 0.65 / 0.80 0.14 / 0.38 0.02 / 0.14 0.01 / -0.02 0.04 / -0.2

Tsoil vs. ɻ 2H 0.57 / 0.76 0.13 / 0.35 0.01 / 0.110.002 / -0.05 0.004 / 0.06

Tsoil vs. lc 0.45 / -0.67 0.16 / -0.40 0.03 / -0.170.001 / -0.03 0.18 / 0.42

Tsoil vs. wc 0.001/-0.03 0.04/-0.19 0.004/0.07 0.11/0.33 0.001/-0.02

Á highest R²/correlation at surface

Á no correlation for water content



Vegetation indicesvs. isotopes/wc

sr_edgeςred edgesimpleratio
rvi - ratio vegetationindex
cir - color infrared
ndvi - normalizeddifferencevegetationindex
evi2 - enhancedvegetationindex2

Á Acceptablerelationshipsfor all depths

Á 10cm depth isan exceptionĄ super low water
contentswherevegetationisstill green

Á 100 cm?

Á R² with different resolutions: 0.5m> 0.03m (orig) > 1m=2m=5m  

Highest-
correlated veg. 

index
R² correl

water content
5 sr_edge 0.67 0.82

10 rvi 0.82 -0.91

20 rvi 0.57 -0.76
50 rvi 0.56 -0.75

100 cir 0.73 -0.85
18O

5 ndvi 0.69 -0.83

10 rvi 0.62 0.82

20 sr_edge 0.42 0.65
50 cir 0.49 -0.7

100 cir 0.76 -0.84
2H

5 evi2 0.48 -0.69
10 rvi 0.79 0.89

20 cir 0.63 -0.79
50 cir 0.69 -0.83
100 rvi 0.81 -0.9
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Soilwater isoscapesςwater content
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Soilwater isoscapesςɻ 2H
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Soil water isoscapes Ṝlc -excess
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Á/ŀƴƻǇȅ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ΨŘŜƎǊŜŜ ƻŦ ƎǊŜŜƴƴŜǎǎΩ ŘƻŜǎ ŀŦŦŜŎǘ ǎƻƛƭ ǿŀǘŜǊ ƛǎƻǘƻǇŜǎ ǳƴŘŜǊ ǎǘŜŀŘȅ-
state dry conditions

ÁIƛƎƘŜǊ ΨŘŜƎǊŜŜ ƻŦ ƎǊŜŜƴƴŜǎǎΩ Ҕ ƭƻǿŜǊ ǎƻƛƭ ǘŜƳǇŜǊŀǘǳǊŜ Ҕ ƭŜǎǎ ƛǎƻǘƻǇƛŎ ŜƴǊƛŎƘƳŜƴǘ

Á Surprising: acceptable correlations of vegetation indices vs. isotope values & water content 
for all depths!

Á Isoscapesas baseline for water uptake depth estimations?

Á Consequences for water uptake depth estimations?
Á Highlights necessity of sampling multiple profiles and cover different canopy covers
Á Likely increases uncertainty of water uptake depth estimations

άWǳǎǘ ŘƻƴΩǘ Řƻ ƛǘΗΗΗΚΚΚέ
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Wrap -up



Thank you!  
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