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1 Model performance and effects of parameter regularization

Table SI-1: Optimal weighting factors and mean root mean squared error (RMSE), apparent longitudinal dispersivity
(@), apparent porewater velocity (v) and electrical conductivity offset calculated from all model realizations computed
during posterior sampling for different staging posts per day. Weights are considered optimal along the L-curve where
its curvature was the highest. SD = standard deviation

Data set optimal weigth  staging posts EC offset v o RMSE + 2SD
d-! pSem™t cemh? cm wS em ™t

River Ammer 100000 8 22+7 1.16£1.53 89+0.2 6.11£0.07
River Ammer 100000 4 -24+8 1.10£1.63 83+0.2 7.16 £ 0.06
River Ammer 100000 2 25+8 1.04+129 88+0.2 9.03+£0.03
River Ammer 100000 1 -26+8 097+1.00 8.6+0.2 10.16+0.03
River Erpe, 2016 10000 8 6+x4 268+130 1.8+£0.0 2.35+£0.23
River Erpe, 2016 10000 4 -6+3 253+1.19 2.0+0.0 3.25+0.13
River Erpe, 2016 10000 2 3+4 259+145 23+£0.1 4.81+0.15
River Erpe, 2016 10000 1 1£3 212+£1.17 2.8+0.1 7.06 £ 0.05
River Erpe, 2019 100000 8 3+12 281+097 1.0£0.0 246 +£0.19
River Erpe, 2019 100000 4 3£12 286+£097 1.1+0.0 2.60+0.16
River Erpe, 2019 100000 2 3£12 286+£091 1.1+0.0 3.15+0.10
River Erpe, 2019 100000 1 3£12 2774£095 1.1+0.0 3.32+£0.09
River Sturt 10000 8 57+12 2.13+2.05 14+0.2 1.64+£0.12
River Sturt 10000 4 57+13 196+£2.05 13+0.2 1.77+0.10
River Sturt 10000 2 5611 1.63£1.79 2.0+0.2 2.66 £ 0.09
River Sturt 10000 1 5610 1.68+093 1.9+0.2 3.07+£0.04
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River Erpe 2016
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Figure SI-1: L-curve, i.e., a plot the decadic logarithm of the squared Euclidian norm of the model residuals,
logyo(|le]3) versus the squared Euclidian norm of the consecutive difference of parameter values, log,o(||6z]3) , for
all model runs conducted using the River Erpe 2016 dataset. The regularization weights w, (h?m~2) for porewater
velocity and w, (em?uS~2) for EC offset were varied (8 colors). For porewater velocity, one, two, four and eight
staging posts d ! were used while the temporal resolution of the EC offset was one staging post per day. Weights are
considered optimal along the L-curve where its curvature was the highest (i.e., w, = w, = 10 for eight staging posts

d-b).
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Figure SI-2: L-curve, i.e., a plot the decadic logarithm of the squared Euclidian norm of the model residuals,
logi([le]3) versus the squared Euclidian norm of the consecutive difference of parameter values, log,,([dz[3) ,
for all model runs conducted using the River Ammer dataset. The regularization weights w, (h>m~2) for porewater
velocity and w, (em?uS~—2) for EC offset were varied (8 colors). For porewater velocity, one, two, four and eight
staging posts d ! were used while the temporal resolution of the EC offset was one staging post per day. Weights are
considered optimal along the L-curve where its curvature was the highest (i.e., w, = w, = 10° for eight staging posts

d-b).
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Figure SI-3: L-curve, i.e., a plot the decadic logarithm of the squared Euclidian norm of the model residuals,
logyo([le]3) versus the squared Euclidian norm of the consecutive difference of parameter values, log,(||6z]3) , for
all model runs conducted using the Sturt River dataset. The regularization weights w, (h?m~2) for porewater velocity
and w, (em?1S~2) for EC offset were varied (8 colors). For porewater velocity, one, two, four and eight staging posts
d~! were used while the temporal resolution of the EC offset was one staging post per day. Weights are considered
optimal along the L-curve where its curvature was the highest (i.e., w, = w, = 10* for eight staging posts d—1).
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2 Measured and modelled time series
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Figure SI-4: Stream stage (upper panel) and head difference between stream stage and the groundwater level measured
approx. 3 m away from the stream edge (lower panel).
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Figure SI-5: Measured time series of electrical conductivity approximately 100 m downstream of the Heathfield
wastewater treatment plant (South Australia) discharging into the Sturt River.
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Figure SI-6: a) Stream stage variations relative to CTD diver installation depth in the surface water b) measured time
series of surface water temperature c) measured (dots) and modeled (lines) time series of electrical conductivity in the
River Erpe 2016 d) measured and modeled time series of apparent porewater velocity v and ) mean advective travel
time 7 from surface water to the sediment depth of the logger. Grey areas denote one standard deviation around the
conditional mean calculated from all accepted model realizations during posterior sampling.
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Figure SI-7: a) Stream stage variations relative to CTD diver installation depth in the surface water b) measured time
series of surface water temperature ¢) measured (dots) and modeled (lines) time series of electrical conductivity in the
River Erpe 2019 dataset d) measured and modeled time series of apparent porewater velocity v and €) mean advective
travel time 7 from surface water to the sediment depth of the logger. Grey areas denote one standard deviation around
the conditional mean calculated from all accepted model realizations during posterior sampling.
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Figure SI-8: a) Stream stage variations relative to CTD diver installation depth in the surface water b) measured time
series of surface water temperature ¢) measured (dots) and modeled (lines) time series of electrical conductivity in the
River Ammer dataset d) measured and modeled time series of apparent porewater velocity v and e) mean advective
travel time 7 from surface water to the sediment depth of the logger. Grey areas denote one standard deviation around
the conditional mean calculated from all accepted model realizations during posterior sampling.
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Figure SI-9: a) Stream stage variations relative to CTD diver installation depth in the surface water b) measured time
series of surface water temperature ¢) measured (dots) and modeled (lines) time series of electrical conductivity in the
Sturt River dataset d) measured and modeled time series of apparent porewater velocity v and e) mean advective travel
time 7 from surface water to the sediment depth of the logger. Grey areas denote one standard deviation around the
conditional mean calculated from all accepted model realizations during posterior sampling.
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3 Time series correlations
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Figure SI-10: Correlation between time series of modelled (EC mod) and measured (EC mea) electrical conductivity
in the riverbed sediment, total pressure above the surface water CTD diver (P), height of the water column above the
surface water CTD diver (Pcm), pressure difference between the surface water CTD diver and the CTD diver installed
in the riverbed sediment, modelled apparent porewater velocity (v) and EC offset (offset), measured temperature in the
surface water (temp) and measured electrical conductivity in the surface water for the River Erpe 2016 dataset
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Figure SI-11: Correlation between time series of modeled (EC mod) and measured (EC mea) electrical conductivity
in the riverbed sediment, total pressure above the surface water CTD diver (P), height of the water column above the
surface water CTD diver (Pcm), pressure difference between the surface water CTD diver and the CTD diver installed
in the riverbed sediment, modeled apparent porewater velocity (v) and EC offset (offset), measured temperature in the
surface water (temp) and measured electrical conductivity in the surface water for the River Erpe 2019 dataset
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Figure SI-12: Correlation between time series of modeled (EC mod) and measured (EC mea) electrical conductivity
in the riverbed sediment, total pressure above the surface water CTD diver (P), height of the water column above the
surface water CTD diver (Pcm), pressure difference between the surface water CTD diver and the CTD diver installed
in the riverbed sediment, modeled apparent porewater velocity (v) and EC offset (offset), measured temperature in the
surface water (temp) and measured electrical conductivity in the surface water for the River Ammer dataset
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Figure SI-13: Correlation between time series of modeled (EC mod) and measured (EC mea) electrical conductivity
in the riverbed sediment, total pressure above the surface water CTD diver (P), height of the water column above the
surface water CTD diver (Pcm), pressure difference between the surface water CTD diver and the CTD diver installed
in the riverbed sediment, modeled apparent porewater velocity (v) and EC offset (offset), measured temperature in the
surface water (temp) and measured electrical conductivity in the surface water for the Sturt River dataset.
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4 Time series of EC offset
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Figure SI-14: Modeled time series of electrical conductivity offset for all four datasets. Grey areas denote one standard
deviation around the conditional mean calculated from all accepted model realizations during posterior sampling.
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