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StorAge Selection (SAS) functions describe how a catchment selectively removes water and solute

of different ages via discharge, thus controlling transit time distributions (TTDs) and solute

composition of discharge. Previous studies have successfully applied SAS functions in a spatially

lumped approach to capture catchment-scale transport phenomena of (non-)conservative solutes.

The lumped approach assumes that water and solutes within a water parcel of a specific age are

well-mixed. While this assumption does not cause any changes in the age of water, the spatial

heterogeneity of solute concentrations within this water parcel is lost. In addition, in large

catchments, headwater sub-catchments and lowland sub-catchments could behave in different

ways, e.g., the transit times (TTs) and reaction rates between headwater and lowland sub-

catchment could be of different magnitudes. This, in turn, might not be sufficiently represented in

a lumped approach of SAS functions.

In this study, we applied the mHM-SAS model (Nguyen et al., 2020) with a semi-distributed

approach of SAS functions. The nested mesoscale catchment (Selke catchment, Germany) with

heterogeneous land use management practices, TTs, and subsurface reactivity was used as a case

study. In addition to spatial variability, a functional relationship between the parameters of the

SAS functions and storage dynamics was introduced to capture temporal dynamics of the

selection preference for discharge. High frequency instream nitrate data were used to validate the

proposed approach. Results show that the proposed approach can well represent nitrate export at

both sub-catchment and catchment levels. The model reveals that catchment nitrate export is

controlled by (1) the headwater sub-catchment with fast TTs and a high denitrification rate, and (2)

the lowland sub-catchment with longer TTs and a low denitrification rate. In general, the proposed

approach serves as a promising tool for understanding the interplay of transport and reaction

times between different sub-catchments, which controls nitrate export in a mesoscale

heterogeneous catchment.
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