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Water resources

Water stored in the
subsurface is an important
fresh water source;:

« drinking water

» food production
* natural vegetation

Observations of past are
necessary to improve:

« the understanding of the
environmental system

« the prediction of future
developments

« more efficient use of the
resource water
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High-precision gravimeter

 Integral signal of the hydrological
system: snow, soil moisture,
groundwater, ...

 the exploration of subsurface
water storage change.
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Tree rings: archive of the environment
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Tree rings: archive of the environment

/PPSI humlglt\
Temperature Prempitatlon

Discharge

Vadose Zone

Groundwate

Benjamin Creutzfeldt 27. Apr. 2012 EGU 2012



GFZ

Study site: Geodetic Observatory Wettzell —=
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Location:
- Bavarian forest

Climate:
- MAP: 850 mm
- MAT: 7 °C

Landuse:
- Grassland

Soil:
- Cambisols

Geology:
- Gneiss
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The Geodetic Observatory Wettzell is operated by the b k
Federal Agency for Cartography and Geodesy (BKG) g
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Tree ring processing
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Superconducting gravimeter (SG)

SG measure the variation of the Earth’s
gravity field [Gall:=> 1 pGal = 108 m/s?2

Data acquisition and
control electronics

Liquid He filled
Dewar with
Niobium sphere

Compressor
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SG data processing:
« solid Earth tides
« ocean tide loading
« polar motion
« atmospheric effects
- modelled and removed

- remaining signal: ‘SG
residuals’

- SG residuals mainly caused
by water storage changes

EGU 2012
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Interpretation of gravity measurements
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- Coupled hydrogeophysical inversion

water storage
change

hydrological model
*GLUE approach
«50000 parameter sets
*“behavioral” models:

geodetic model

best 0.1%
measured hydrological
SG-residuals gravimeter response

Creutzfeldt et al., 2010 (HESS)
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Total water storage change
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Relationship: 2000 - 20009
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Corr. coefficient and confidence intervals
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Relationship: 1947 - 2009 GFZ
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Water storage reconstruction
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« Tree-ring growth is primarily controlled total water storage In
the subsurface

» High-precision temporal gravity measurements help to
reveal the strong relationship

* Tree rings allow the reconstruction of subsurface water
storage variations

* Longer time series (measurements) are needed

- multi-disciplinary study, combining the different scienitific
disciplines hydrology, dendrochronology and geodesy
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