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Don't forget about snow when modeling hydraulic
head time series in the Baltic countries
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Analyzing the dynamics of hydraulic heads is of great importance for both environmental protection pur-
poses as well as for characterizing the consequences of anthropogenic activities (Glazer and Likens 2012).
Long-term time series of hydraulic heads are commonly used for such purposes. These historic monitoring
data usually however contains various errors and missing entries (e.g., Retike et al. 2022). Time series mod-
eling using impulse response functions (TS-IRF) is a convenient tool for modeling and filling head series due
to short calculation times and parsimonious parametrization. These models are data-driven: the impact of
drivers (such as precipitation) on the target (the head) is calibrated only for a point in space (Collenteur et al.
2019). Thorough knowledge of the relationship between the model parameters and its environmental setting
is still lacking.

We employed 4 different TS-IRF model structures to simulate head time series of 735 monitoring wells across
the Baltic countries. Daily precipitation, potential evaporation, and temperature data were calibrated to the
measured heads. The models were calibrated over 10 years of data and validated over the most recent 5 years
of data. The Nash Sutcliff Efficiency (NSE) and the Root Mean Squared Error (RMSE) were used to compare
the modeling effectiveness based on the model structure. Subsequently, the correlations between the models
and the environmental settings were determined. Variables of 5 groups were used to describe the setting of
monitoring wells: geological, climatic, topographic, basin and land cover. Spearman rank correlation and
Random Forest regression analyses were performed between these environmental variables and 1) the model
fit (expressed as NSE values), 2) the parameters A, n, and a of the IRF that characterize its shape. The corre-
lations were further described with the help of SHapely Additive exPlanations values and Partial dependence
plots.

We found that accounting for snow cover periods in the modeling is of high necessity in the Baltics. Model
structures best suited for modeling head series are the nonlinear snow model with Gamma function (NLS)
and the linear model with a four-parameter function (L4) due to a better representation of the snow processes.
While the obtained correlation coefficients were low to moderate, they offer a valuable insight. Models per-
formed best in locations with shallow groundwater and less pronounced seasonality. The IRF parameters
correlate not only to the geological and climatic characteristics, but also the topography. The obtained re-
sults will be useful for further development of the modeling methodology and to discern locations where this
modeling approach is best applicable.
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