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Fig. 3: Groundwater head �me series at different observa�on points and white noise recharge. 

Effec�ve aquifer parameters can be derived by spectral analysis of GW head fluctu- 
a�ons in a confined and homogeneous synthe�c scenario. 
Parameter determina�on works best for observa�on points at posi�on x = 1/4 * L.
Characteris�c �me scale of aquifer should not exceed 1/10 of modeling 
(measurement) period and be smaller than 10 �mes the sampling interval.

Groundwater - the world's largest freshwater resource - is cri�cally important for 
drinking water supply and irrigated agriculture and hence for global food security. 
Predic�ve regional groundwater models are highly needed for a robust es�mate of 
water stored in aquifer systems which cons�tute the basis of decision-making for 
sustainable water management plans and policy making.

Regional groundwater models generally suffer from data scarcity in subsurface 
hydrology. Insights from local groundwater measurements have to be regionalized to 
supply large scale models with adequate parameter constraints. This study evaluates 
the poten�al and limita�on of generaliza�on of point source informa�on to a
regional scale by analyzing the spectral content of head �me series.

Fig. 2: Ver�cal 2D transect as model domain for groundwater flow. 
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input S and T vs output S and T
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Fig. 4: Power spectrum of modeled data, semi-analy�cal 
spectrum of fi�ed parameters and input parameters. 
Fig. 4: Power spectrum of modeled data, semi-analy�cal 
spectrum of fi�ed parameters and input parameters. 

Fig. 1: Input sample space. 41 x 41 values of S 
and T each result in 1681 model setups.

GW flow in a homogeneous aquifer as 2D transect

white noise recharge, laterally constant

GW head �me series over a modeling period of 30 years

confined water table was observed between a no - flow and a 
constant head boundary condi�on
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modeled data were 
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semi-analy�cal 
solu�on [2]
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Figure 1: resul�ng characteris�c 
�me tc for all input parameter 
combina�ons of Stora�vity and 
Transmissivity

all other parameters const.
Figure 6 - 8 show the varia�on of errors for different tc

one graph represents a single observa�on point with aggregated data 
for rounded values of tc (diagonal of the heatmaps) 6

same study with other model setups, modeling periods and �me steps

heterogeneous model domain
real data from test sites 
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Fig. 5: Error of inferred parameters S, T and tc along the aquifer for different observa�on points.
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inferred aquifer parameters S, T and also the resul�ng char. 

�me scale tc are compared with the input parameters

best es�mate could be achieved at a posi�on of roughly 1/4 
of aquifer length apart from water divide

determina�on of S is predominantly constrained by small tc

determina�on of T is limited by high values of tc

tc of inves�gated aquifer should not exceed ca. 1/10 of the 
modeling or measurement period
 
tc should not be smaller than roughly 10 �mes the sampling 
interval of groundwater head �me series. 5

Fig. 6: Error in Stora�vity versus input char. 
�me scale for different observa�on points

Fig. 7: Error in Transmissivity versus input char. 
�me scale for different observa�on points

Fig. 8: Error in char. �me versus input char. 
�me scale for different observa�on points
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two minima with small distance close to the no-flow BC

approaching the stream one minimum remains 
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WANTED

GW head �me series with iden�fied constraints (length of �me series ~ 10 * tc, dense measurements)
catchment should be well known (e.g. S and T from pumping tests) and homogeneous porous aquifer
uniform thickness, horizontal aquifer basement and well known GW flow direc�ons and recharge

Fig. 4 
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