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1. Introduction
Measurements of the time-variable gravity field with GRACE provide an 

independent way to determine mass variations on the continents that are mainly 

attributed to changes in the continental water storage. The new satellite data 

allow to quantify the related water mass transport processes, but the accuracy 

of GRACE mass change rates has to be quantified with terrestrial

measurements at comparable spatial scale. For an evaluation of GRACE signal 

error on catchment scale, water storage changes determined from ground 

based measurements are used on climatologically selected catchments and 

time periods (boreal winter, deserts) where actual evapotranspiration ETa is 

negligible. This provides a space / time pattern for which storage changes can 

be constrained within the limits of hydrological data uncertainty.

2. Methods
The focus of this research is on quantification of errors on a global scale with 

large catchments and dichargeless basins (>30.000 km²). The assumption is 

that Hydrologic measurements provide the most accurate known mass changes 

over large areas except for ETa, which is not directly measureable. Only those 

catchments and perdiods were selected, where ETa can be neglected. This 

limits the investigation to small signals and the contribution of the annual cycle 

can be neglected. Via the the waterbalance   given in Equation 1 GRACE can 

be directly related to hydrologic storage change for this constraints.

Eq. 1

P-Precipitation; R-Runoff; ETa-actual Evapotranspiration; dS/dt-Storage change; dM/dt-Mass change

3. Data
The spatial distribution of selected catchments and the length of their useable 

periods with negligible ETa is displayed in Figure 1, left panel. Runoff-data is 

the limiting factor in space and precipitation in time. The temporal overlap with 

GRACE-data is limited by precipitation data and displayed in Figure 1, right 

panel. For statistical purposes all available data since 1980 has been used.

Discharge: Global Runoff Data Center (GRDC); ArcticRIMS; Water Survey of 

Canada (Hydat); and some national hydrological centers.

Catchments: Global Runoff Data Center (GRDC) extended with SRTM based 

Dischargeless basins.

Precipitation: Global Precipitation Climatology Centre (GPCC) v3.

GRACE: Geoforschungszentrum Potsdam (GFZ) Release04 with Gauss 500 

km and Han non-isotropic 500 km each destriped and not destriped.

4. Results
First results indicate no systematic signal-correlations between GRACE and 

hydrology for selected catchments and Periods. Figure 2 shows Scatterplots 

of hydrologic- and GRACE-Signals for two bad (r->0) and two good (r->1) 

cases.

Fig. 2: Scatterplots of GRACE Signal against Hydrological Signal for Brazos  

(r=0,81); Helmand (r=0,67); Saudi-Arabia (r=0,00); W-Sahara (r=0,01)

Time series analyses of GRACE mass change rates and water storage change 

show that the GRACE signal standarddeviation correlates linearly with 

standarddeviation of water storage change with an offset of about 10 – 20 

mm/month (Figure 3) which could be due to dealiasing errors.

Fig. 3: Standarddeviations of GRACE against Hydrology for all Periods and 

Catchments where ETa neglibile for different GRACE-Filters

Investigation in the timeseries correlations of GRACE-signal between the 

catchments indicate zonal correlation patterns which are not shown in 

hydrologic data. The spatial distribution of these temporal correlations with 

respect to the reference catchment Ob are displayed in Figure 4. The 

statistical properties of the inter-catchment correlation values for the reference 

catchment Ob indicate that GRACE timeseries correlate stronger than 

hydrological timeseries (Table 1).

5. Summary and Outlook
The goal of this research is to quantify the uncertainty of monthly GRACE 

data with hydrologic data. The comparison between GRACE and measured 

hydrologic data knows no systematic correlation for the selected areas with 

ETa neglibile. These limited cases are bound to low signals and thus allow 

an identification of noise. Signal standarddeviation of GRACE versus 

Hydrology show a linear correlation with an offset in the standarddeviations of 

the analysed catchments. Analyses for size, shape and position with a time-

extended database together with a better estimation of useable periods with 

climatic data will help to understand the underlying system.

Investigation of the spatial structure of temporal correlations of signals 

between catchments surprisingly indicates that GRACE signal correlations 

are about a factor 3 higher than between hydrological signals and there 

seems to be a spatial zonation aligned with latitude. These effects shall be 

analysed with a Principal Component Analisis (PCA) and the relation of 

GRACE with hydrology with a Canoncial Correlation Analysis (CCA).Tab. 1: Statistical properties of  correlationvalues of Ob with all Catchments 
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Hanni500 destriped Signal
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Brazos (210)
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y = 0,362x - 3,4393

R
2
 = 0,002

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

0 10 20 30 40 50

P - R [mm/mon]

G
R

A
C

E
 [

m
m

/m
o

n
]

Helmand (207)
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Saudi-Arabia (184)
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Western Sahara (228) 
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Fig. 1: Spatial and temporal data distribution

Fig. 4: Spatial Distribution of Temporal Correlations between Ob and all available

Catchments for Signal and Residuals for Gauss500 not/destriped and P - R
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