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Introduction - Hydrological Models

Å Information of storage compartments + flow patterns

-> limitation of available data

+

-> simplification of processes

= 

-> limited reliability

Å Independent observations

-> Gravity Recovery and Climate Experiment (GRACE) Figure 1: Schematicoverviewof the WaterGAP model
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Introduction - GRACE

Å GRACE observes the total water storage

= sum of all water storage compartments

Figure 2: Satellite Mission GRACE
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Introduction - GRACE

Å GRACE observes the total water storage

= sum of all water storage compartments

- many hydrological models do not contain an inland                           
- surface water storage compartment

-> mass changes of surface water bodies distort other                                  
- storage compartments

-> focus of interest might be groundwater related mass                       
- changes

-> separation of the GRACE signal
Figure 3: Total Water Storage

4



Introduction - GRACE

1: Subtractavailablereferencedata

2: Decomposethe signal

5



Introduction - GRACE

1: Subtractavailablereferencedata

Å Approximatethe volumeof water bodies

GRACE Signal ς(approximatedvolume density) = GRACE signalwithout the massvariationof the water body

Å Volume = Surface Area Water Height
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Introduction - GRACE
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Data Bases

Shoreline Polygons from the 
Global WaterPack project

Volume Variation Time Series 
from DAHITI

Å Optical satellite images 
Daily water masks
->  vectorized-> polygon

Å Access to one polygon per 
surface water body

Water Level Time Series from 
DAHITI

Å Database for Hydrological 
Time Series of Inland 
Waters

Å Satellitealtimetry

Å Surface areaextent
-> opticalsatelliteimages

ÅWater level values
-> satellitealtimetry data

Pre-processing
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Pre-processing

Å Averaging to monthly mean value

Å Closing of data gaps by a linear interpolation

Å Investigation period from 01/2003 to 12/2016

Å Reduction by mean value

Å Division of the volume variation time series by the surface 

area extent of the static polygons

Figure 4: Python
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Pre-processing

Å Discretise the surface polygon to a fine-resolution grid of 

0.0025 ° x 0.0025 °

Å Surface Area Extent Water level 

-> Water level values from DAHITI (static)

-> Water level values computed from volume variation time 

->      series (dynamic) 

Å Lower resolution grid of 0.5 ° x 0.5 °

-> water level anomaly of each grid cell

-> forward modelling algorithm

Figure 5: GROOPS

Gravity Recovery ObjectOriented

ProgrammingSystem
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Forward - Modelling

Å Resolution of the surface water variations <-> spatial resolution of GRACE

-> Forward modelling procedure

-> Water level anomaly values have to be expanded into spherical harmonic coefficients
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Spherical harmonic coefficients 
with degree (n) and order (m) 

Radius of the Earth

Mass of the Earth

Load Love Numbers

Change of the water storagewith co-latitude (q) and longitude(l)

Legendre functions Equation1: Spherical Harmonic Coefficients
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Filtering

Å DDK3 Filter

Å Forward modelled and filtered sphericalharmonic potential coefficientsexpressthe signal that GRACE

would measure,if the observationswereonly influencedby the changingmassof the respectivewater body

Å Grid-based solution

-> Re-computation
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Re-computation
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Total Water Storage after filtering
for everygridcell

Mass of the Earth

Radius of the Earth

Legendre functions

Load Love numbers

Equation2: Total Water Storage for every grid cell after filtering

Density of the Water

FilteredSphericalHarmonic Coefficients
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Results

Å 29 water bodies

availablepolygons
availablevolume

variationtime 
series

29 water bodies

Figure 7: Venn - DiagramFigure 6: Map of all 29 considered surface water bodies
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Results- Lake Poyang

Å Processof subtraction= RemovalCorrection(computedfor everysinglegridcell)

Figure 8: Removal correction (Dynamic) in 01/2003 for the Lake Poyang Figure 9: Removal correction (Static) in 01/2003 for the Lake Poyang
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Results- Lake Poyang

Å Peaks -> precipitationiscloselylinkedto the eastAsian Monsoon(April -> June)

Å GRACE deliverscolumn- integrateddata

Figure 10: FM, GRACE and GRACE-FM EWH (Dynamic) for the Lake Poyang Figure 11: FM, GRACE and GRACE-FM EWH (Static) for the Lake Poyang
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Results- Lake Poyang

Å Differencesare in the rangeof sub-millimetres

Figure 12: FM and FM difference EWH (Dynamic and Static) for the Lake Poyang Figure 13: GRACE - FM and Difference EWH (Dynamic and Static) for the Lake Poyang 
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Results- Lake Poyang

Å GRACE flies in an averagealtitude of approx. 450 km

Å The scalehasto be adjusted

Figure 14: Removal correction (Difference) in 01/2003 for the Lake Poyang Figure 15: Removal correction (Difference) in 01/2003 for the Lake Poyang with adjusted scale
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Results- All water bodies

Figure 16: FM difference EWH for all considered water bodies
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Results- All water bodies

Figure 17: FM difference EWH for all considered water bodies

meanvalue

Figure 18: FM Mean EWH Difference values for all considered water bodies
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Results- driving factors

Å Lake Mead does not have any specific features

ļargest water body

ļargest volume variation / volume variation difference

-> input parameters

-> large difference (input parameters) -> large deviation (results) -> large difference (removal correction)

Static
Polygons from

WaterPack

Water Level 
Time Series 
from DAHITI

Dynamic
Polygons from

WaterPack
Water Level 
Time Series
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Å Lake Mead does not have any specific features

ļargest water body

ļargest volume variation / volume variation difference

-> input parameters

-> large difference (input parameters) -> large deviation (results) -> large difference (removal correction)

-> Neither a direct linear relationship, nor a tendency between the difference of the input parameters and       

- the different results caused by the usage of dynamic and static water body shapes
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Conclusion

Å Reciprocallyactingcharacteristics

Å Consistentlymarginal influence

Final Result
(differenceof the FM Signals)

Input 
Parameters

Surface 
Area Extent

Volume 
Variation / 
difference

Figure 19: Driving Factors
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