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1 Supplement: The original groundwater module of
the SWAT model

The detailed process equations of the groundwater processes for the original SWAT
model are summarized in Neitsch et al. (2011). In the following description, the
main groundwater processes of the original SWAT version are shown. For this, we
focus on the equations that control the groundwater contribution to the discharge
of the river.
In the SWAT model, soil water percolates into a conceptual aquifer structure,
which is divided into a shallow and a deep aquifer. The shallow aquifer repre-
sents an unconfined aquifer that may discharge into the channel. The deep aquifer
is described as a confined aquifer. As a consequence, the deep aquifer does not
contribute to the streamflow within the watershed. Thus, the deep aquifer is con-
sidered as inactive, because it does not deliver water back to the modeled catch-
ment.
Water that percolates out of the soil is delayed with an exponential delay function
before it recharges (wrchrg,i mm H2O) the groundwater system (Eq. 1, cf. Neitsch
et al. 2011):

wrchrg,i = (1 − exp[
−1

δgw
]) · wseep + exp[

−1

δgw
] · wrchrg,i−1 (1)

The parameter δgw (days) describes the delay of recharge that accounts for
geologic formations. Eq. 1 considers the percolation out of the last soil layer on
day i (wseep, mm H2O) and the parameter wrchrg,i−1 (mm H2O) which represents
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the amount of water that enters the aquifer on the day before (i− 1).
With Eq. 2 (cf. Neitsch et al. 2011), the daily recharge wrchrg,i is partitioned
by a percolation coefficient βdp (-) to calculate the recharge of the deep aquifer
(wseep,dp,i, mm H2O):

wseep,dp,i = βdp · wrchrg,i (2)

The remaining amount of recharge (wrchrg,sh,i, mm H2O) that enters the shal-
low aquifer is then calculated with Eq. 3 (cf. Neitsch et al. 2011):

wrchrg,sh,i = wrchrg,i − wseep,dp,i (3)

In the SWAT model, groundwater contribution to the river (Qgw,i, mmH2O) is
simulated with the shallow aquifer (Eq. 4, cf. Neitsch et al. (2011)). The recharge
of the shallow aquifer (wrchrg,sh,i) is used together with the parameter αgw (1/days)
and a one day time step (∆t) to describe a recession-based outflow out of the
aquifer storage.

Qgw,i = Qgw,i−1 · exp[−αgw · ∆t]) + wrchrg,sh,i · (1− exp[−αgw · ∆t]) (4)
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