Global change Iin groundwater and lake storage
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The Water Table Model

We used the Water Table Model (WTM) to simulate water table over the past 21,000 years. The WTM couples groundwater with dynamically changing lakes
to simulate changes in depth to water table at the continental scale. These simulations capture natural variability in the water table, based on topography, sea

level, and climate. \

The groundwater model component solves the 2D horizontal groundwater equation using the the Scalable Nonlinear Equations Solvers (SNES) component Il ET
of PETSc (Portable, Extensible Toolkit for Scientific Computation).

The dynamic lake model component, Fill-Spill-Merge (FSM) makes use of a depression hierarchy to rapidly analyse the land surface and move surface
water to lakes or to the ocean. As climate and topography change, lakes can grow or shrink. The presence of the lakes provide more precise head values at -G-rouf?f\,‘\’,vati
lake locations, which are important in the simulation of groundwater in surrounding regions. Cells are not pre-assigned to contain surface water; they can T
change dynamically and the depression heirarchy is recomputed if the topography changes (for example, due to Glacial Isostatic Adjustment (GIA)). The

Inclusion of this component also allows us to evaluate changes in pluvial and proglacial lakes over the deglaciation.

\——-

Downslope
flow

Our data sources for WTM inputs include TerraClimate for modern-day precipitation and evapotranspiration, ERAS5 for present-day winter temperatures, and
the TRACE-21K climate simulation for past climate parameters. Topography and slope are based on the GEBCO-2020 topographic dataset, modified due to
glacial isostatic adjustment (GIA) based on the ICE-6G ice sheet reconstruction. Hydraulic conductivity and porosity, which are assumed to remain constant
throughout our simulation, are based on the STATSGO/FAO soll texture database.

Figure 1: WTM schematic. The green line indicates the land surface and the
blue line indicates the water table surface, including groundwater and lakes.
In this work, we simulated natural, climate- and topography-influenced water table globally over the past 21,000 years. We assumed that water table was at The WTM uses topography, climate, sea level, and soll properties to compute
equilibrium at the LGM (21,000 calendar years before present) and then performed a transient simulation until the present day. Note that Eurasia has only either steady-state or transient water table.

been simulated until 5 ka.
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Figure 2: An example of a water table simulated using the WTM. This shows simulated groundwater
,. ~10.0 depth and lake levels at 11 ka. Note the extensive proglacial lakes at this time.
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