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 ..but we can use different methods to study  
water dynamics across the land surface 

and in the soil 

 It is really difficult to track directly 
changes of water fluxes in soil-

plant ecosystems

Today I invite you 
to a walk through 

the soil water cycle
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Soil water cycle and it´s components
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Precipitation (P)
Irrigation (I) Evapotranspiration (ET)

Images and icons provided by  shutterstock.com

Drainage (Dr)

Change in soil water storage (ΔS)

𝑷𝑷 + 𝑰𝑰 − 𝑬𝑬𝑬𝑬 − 𝑫𝑫𝑫𝑫 = ∆𝑺𝑺
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How can we measure the single soil water balance components?
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Precipitation (P)
Irrigation (I) Evapotranspiration (ET)

Drainage (Dr)

Change in soil water storage (ΔS)
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𝑷𝑷 + 𝑰𝑰 − 𝑬𝑬𝑬𝑬 − 𝑫𝑫𝑫𝑫 = ∆𝑺𝑺

• Sap-flow
• Evaporation pan
• Eddy-covariance
• Scintillometry  
• Bown-ratio energy balance
• Weighable lysimeter

• Catching gauge types
− Tipping bucket
− Weighing gauge

• Non-catching gauge types
− Acoustic sensor 
− Laser based sensor

• Weighable lysimeter

• Water balance approach
• Groundwater level measurements
• Weighable lysimeter

• Water balance approach
• Soil moisture sensor
• Gravimeter
• Weighable lysimeter

.... simple but fundamental 
important question remains: is 

this water balance equation 
complete?
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Missing components of the soil water balance?
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Precipitation (P)
Irrigation (I) Evapotranspiration (ET)

Often assumed to be ~0

Capillary rise (CR)

Neglecting nighttime ET
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𝑵𝑵𝑵𝑵𝑵𝑵 +

Change in soil water storage (ΔS)

Drainage (Dr)

𝑷𝑷 + 𝑰𝑰 − 𝑬𝑬𝑬𝑬 − 𝑫𝑫𝑫𝑫 = ∆𝑺𝑺∆𝑺𝑺𝑬𝑬𝑬𝑬
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𝑷𝑷+
Precipitation (P)
Irrigation (I)

𝑪𝑪𝑵𝑵 +

Non-rainfall water (NRW)
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What can you use to measure this?
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Precipitation (P)
Irrigation (I) Evapotranspiration (ET)
Non-rainfall water (NRW)

Often assumed to be ~0

Capillary rise (CR)

Neglecting nighttime ET
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Change in soil water storage (ΔS)

Drainage (Dr)

• Sap-flow
• Evaporation pan
• Eddy-covariance?
• Scintillometry?
• Bown-ratio energy balance
• Weighable lysimeter

• Catching gauge types
− Tipping bucket
− Weighing gauge

• Non-catching gauge types
− Acoustic sensor 
− Laser based sensor

• Weighable lysimeter

• Water balance approach
• Soil moisture sensor
• Gravimeter
• Weighable lysimeter

.... weighable lysimeter

• Water balance approach
• Groundwater level measurements
• Weighable lysimeter

𝑵𝑵𝑵𝑵𝑵𝑵 + 𝑷𝑷 + 𝑰𝑰 − 𝑬𝑬𝑬𝑬 − 𝑫𝑫𝑫𝑫 = ∆𝑺𝑺∆𝑺𝑺𝑬𝑬𝑬𝑬𝑷𝑷+𝑪𝑪𝑵𝑵 +



High precision lysimeter
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Provided by METER Group

More details on the project TERENO-SoilCan and data see Pütz et al. 2016 
ESS, and www.tereno.net

✓ High precision and temporal resolution
✓ Development of new filter routine
✓ Dynamic control bottom boundary

AWAT-filter see Peters et al. 2017 Journal 
of Hydrology2023-09-26



PRECIPITATION
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Some previous comparison studies

Tipping bucket 16% less precipitation

Tipping bucket 13% less precipitation

Tipping bucket until 35% less precipitation

Missing multi-comparison?

2023-09-05



PRECIPITATION
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TERENO-SOILCan

Schnepper et al. 2023, Hydrol. Earth Syst. Sci. ,doi: 10.5194/hess-27-3265-2023   
2023-09-26



Schnepper et al. 2022, Hydrol. Earth Syst. Sci. Discuss,doi: 10.5194/hess-2022-370   

PRECIPITATION
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Site: Rollesbroich
Tipping bucket AcousticWeighable Disdrometer

Partially large underestimation of precipitation!2023-09-26



NON-RAINFALL WATER
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How much water does NRW inputs contribute at the annual scale to ecosystem 
and are those of ecological relevance?

Location: Gumpenstein, Austria

Location: Rollesbroich, Germany

Year
P NRW NRW% of P

RO Se GS RO Se GS RO Se GS
mm y-1 mm y-1 mm y-1

2015 1092 700 1019

? ?2016 1039 669 1161
2017 1076 602 1306
2018 990 485 1013
Mean 1020 614 1125

Hydrological 
year

Water stress
RO GS

d y-1 d y-1

2013-2014 ? ?2014-2015

Forstner et al. 2021, Hydrol. Earth Syst. Sci. ,doi: 10.5194/hess-2021-100

Groh et al. 2018, Journal of Hydrology, 
doi: 10.1016/j.jhydrol.2018.06.009

2023-09-26



NON-RAINFALL WATER
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How much does NRW contribute to the water and are those of ecological relevance?

Location: Gumpenstein, Austria

Location: Rollesbroich, Germany

Year
P NRW NRW% of P

RO Se GS RO Se GS RO Se GS
mm y-1 mm y-1 mm y-1

2015 1092 700 1019 57 49 51 5.2 6.9 5.0
2016 1039 669 1161 64 44 74 6.1 6.6 6.4
2017 1076 602 1306 57 47 73 5.3 7.8 5.6
2018 990 485 1013 45 38 60 5.2 7.9 5.9
Mean 1020 614 1125 56 44 65 5.5 7.2 5.7

Hydrological 
year

Water stress
RO GS

d y-1 d y-1

2013-2014 1 0
2014-2015 27 0

Groh et al. 2018, Journal of Hydrology, doi: 10.1016/j.jhydrol.2018.06.009

Forstner et al. 2021, Hydrol. Earth Syst. Sci.,doi: 10.5194/hess-2021-100

Importance of NRW in dry 
years and during dry periods



PRECIPITATION ACCURACY
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Does it matter?

More details see Groh et al. 2018 Vadose 
Zone J., doi:10.2136/vzj2017.09.0168 AV-NSE = 0.3AV-NSE = -16.5

Precipitation 
2337 mm

Hydrus 1D  
Effective parameters

Free-drainage 

Drainage  
1408 mm

Precipitation 
3007 mm

Evapotranspiration 
895 mm

Hydrus 1D  
Effective parameters

Variable flux

Drainage 
2169 mm

Evapotranspiration 
895 mm

2023-09-05
Importance of precipitation accuracy and NRW for inverse estimation of soil 
hydraulic and transport parameters



EVAPOTRANSPIRATION (DAYTIME)
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Location: Selhausen, Germany

2023-09-26

Elora, Canada Els Plans, Spain Majadas, Spain

Sites Rollesbroich
(mm/d)

Elora
(mm/d)

Majadas
(mm/d)

Els Plans
(mm/d)

clear cloudy clear cloudy clear cloudy clear cloudy

2017 1.27 0.29 - - - - - -

2018 0.69 0.24 1.75 1.34 0.41 1.58 - -

2019 1.44 0.54 0.68 0.37 0.55 0.65 - -

2020 1.12 0.50 -0.26 0.23 0.65 1.20 - -

2021 1.81 0.77 -0.16 -0.18 - - 0.50# 0.27#

mean 1.26 0.47 0.50 0.44 0.54 1.15 0.50 0.27
# (Els Plans: 14/06/2021-18/07/2022)Han et al. , in preparation

ΔETly-EC



EVAPOTRANSPIRATION (NIGHTTIME)
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Groh et al. 2019, Quantification and Prediction of Nighttime Evapotranspiration for Two 
Distinct Grassland Ecosystems, Water Resource Research

Location: Wüstebach, Germany

Location: Rollesbroich, Germany

Mostly evaporation as ETN occurred 
mainly during wet surface conditions

2023-09-26



DRAINAGE & CAPILLARY 
RISE
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Groh et al. 2020, Crop growth and soil water fluxes at erosion-
affected arable sites: Using weighing lysimeter data for model 
intercomparison, Vadose Zone J.

Location: Dedelow, Germany

Landscape position/Soil profile effect

Hilltop

Slope

Depression

Decrease drainage

Increase ET & yield

2023-09-26



DATA-SET 
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Groh et al. 2020, Crop growth and soil water fluxes at 
erosion-affected arable sites: Using weighing lysimeter 
data for model intercomparison, Vadose Zone J.

Location: Dedelow, Germany

Hilltop

Slope

Depression

Why is this important?

2023-09-26



SOIL WATER DYNAMICS

18Groh et al. 2020, Responses of soil water storage and crop water use efficiency to changing climatic conditions: a lysimeter-based 
space-for-time approach, Hydrol. Earth Syst. Sci.

Climate change experiment 
Space for time 

Temporary or long-term change?



NEW WAYS TO USE LYSIMETERS…..
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Looking at hillslope processes

Krevh et al. 2023, Water, doi: 10.3390/w15132398

Change in flux direction due to lateral processes
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 Data for all water balance components
 Tool to track water and solutes trough the soil
 Helps to identify hidden process across the soil-plant-

atmosphere continuum

 Data are helpful to improve process understanding
 High potential for climate change studies (e.g., Ecotrons)

Lysimeter are a holistic tool for 
quantifying and tracking water fluxes 

at the land surface and in the soil 

TAKE HOME MESSAGE



Thank you for your attention
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