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Water-Based Parameters in the Soil-Plant-Atmosphere System

Wheat graphic from: https://openclipart.org/image/800px/svg_to_png/276939/1491222432.png



„Effective“ vegetation
water potential depending

on wave penetration
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Vegetation Water Potential – A Remote Sensing Perspective
The Water Potential in Vegetation is a Pressure Gradient along Height.
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Radiometer Sensing Field Laboratory @ Selhausen, Germany

DOY 100: Tillering DOY 120: Stem elongation DOY 150: Heading

DOY 180: Fruit ripening DOY 200: Early senescence DOY 225: Late senescence
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Details in 
Meyer et al., 2018

ELBARA II
 L-Band radiometer

 Calibrated brightness 
temperature 
(accuracy ± 1K;  
sensitivity < 0.1 K)

 Dual-mode conical horn
antenna (with 23° half-
beamwidth at -3 dB)



Soil Matric Potential Estimation from in situ Measurements
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in situ

Calculated after 
Campbell, 1974
Clapp et al., 1978

𝜓௦௢௜௟=  𝜓௦  ∗  ఏ
௡

ି௕

𝜓௦ = saturation suction, 𝜃 = soil water content, 𝑛 = soil porosity, b = empirical parameter

DOY
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VOD (needles)
VOD (discs)
in situ

Details in 
Meyer et al., 2019

Gravimetric Vegetation Water Content mg from in situ & L-band 
Radiometer-Derived L-Band VOD



Relative Water Content (RWC) from Vegetation Water Content 
(mg) of VOD-Estimates
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𝑅𝑊𝐶ௌ௘௔௦௢௡,௠೒ ൌ
𝑚௚ െ𝑚௚೏ೝ೤

𝑚௚ೢ೐೟ െ 𝑚௚೏ೝ೤

𝑅𝑊𝐶ௌ௘௔௦௢௡,௏ை஽ ൌ
𝑉𝑂𝐷 െ 𝑉𝑂𝐷௠௜௡

𝑉𝑂𝐷௠௔௫ െ 𝑉𝑂𝐷௠௜௡



Conversion from Relative Water Content to Vegetation Water
Potential for Winter Wheat adopted from Zweifel et al., 2001

𝑉𝑊𝑃 ൌ
𝑉𝑊𝑃௠௜௡

𝑒
ି௞ଵାோௐ஼

௞ଶ ൅ 1

𝑉𝑊𝑃௠௜௡

𝑘1

𝑘2
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Zweifel, R., Item, H., 
& Häsler, R. (2001). 
Link between diurnal 
stem radius 
changes and tree 
water relations. Tree 
physiology, 21(12-
13), 869-877.



Water Potential Estimates of Soil and Wheat Canopy
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Summary and Conclusions
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Water potentials of soil & winter wheat were estimated for the field 
test site of FZJ in Selhausen (Germany) along the growing season 
(April to August 2017).

The assessment of the different potentials in the Soil-Plant-
Atmosphere System (SPAS) was enabled by the combination of in 
situ-based soil measurement and L-band radiometer-based estimates 
of gravimetric vegetation moisture and relative water content (RWC).

RWC was converted into wheat canopy-scale vegetation water 
potential by a wheat-adopted model of Zweifel et al., 2001.

The retrieved water potential values of soil and wheat canopy follow 
precipitation input and each other in a reasonable manner and show a 
strong rise in potential magnitudes (large negative values) in a dryer 
period between DOY 160 and 180 (low rainfall, high evapo-
transpiration, daily mean air temperature around 20 [°C]).  
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L-Band VOD Datasets & In Situ Measurements @ Selhausen
L‐Band VOD (ELBARA)

Plant Height

Plant Water Content

Above Ground Biomass
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Air Temperature, Humidity & Vapor Pressure Deficit


