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Supplementary Figures and Tables
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Figure S1. Sensitivity analysis of threshold selection for wetlands against hit-rate, false alarm rate and critical success

index with the Australian GDE atlas
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Table S1: Model input and parameters as well as data sources

Description Symbol Unit References/Sources
Upper and lower soil store parameters FAO (2007) soil map; van Beek and Bierkens (2009)
e  Soil thickness Zland Z2 m
e Residual soil moisture content Orl and 6r2 m3/m3
e  Soil moisture at saturation 0sl and 0s2 m3/m3
e Soil water storage capacity per soil layer: SC = SCland SC2 m
Z/(6s — 0r)
. Soil matric suctions at saturation ysl and ys2 m
. Exponent in the soil water retention curve B1 and B2 dimensionless
e  Saturated hydraulic conductivities of upper and K1 and K2 m/day
lower soil stores
e  Total soil water storage capacities = SCupp +  Wmax m
SClow
Land cover fraction: land cover areas (including extent of  fley m2/m? GLCC v2.0 map (USGS, 1997); Olson (1994a, b);
irrigated areas) over cell areas MIRCA2000 dataset (Portmann et al, 2010);
FAOSTAT (2012)
Topographical parameters HydroSHEDS (Lehner et al., 2008); Hydrolk (Verdin
and Greenlee, 1996); GTOPO30 (Gesch et al., 1999)
e  Cell-average DEM DEMayq m
e Floodplain elevation DEMg m

Root fractions per soil layer

Rfypp and Rfloy

dimensionless

Canadell et al. (1996); van Beek and Bierkens (2009)

Amo scheme (Todini, 1999; Hagemann and Gates, 2003):
exponents defining soil water capacity distribution

Bamo

dimensionless

Canadell et al. (1996); Hagemann et al. (1999);
Hagemann et al. (2002); van Beek (2008); van Beek
and Bierkens (2009)

Ratio of cell-minimum soil storage to Wmax fWhin m/m van Beek (2008); van Beek and Bierkens (2009)
Ratio of cell-maximum soil storage to Wmax FWhnax m/m van Beek (2008); van Beek and Bierkens (2009)
Parameters related to phenology Hagemann et al. (1999); Hagemann (2002); van Beek
(2008); van Beek and Bierkens (2009)
e  Crop coefficient Ke dimensionless
. Interception capacity Sint-max m
° Vegetation cover fraction Cy m2/m2
Groundwater parameters GLHYMPS map (Gleeson et al., 2014); van Beek
(2008); van Beek and Bierkens (2009)
Aquifer transmissivity KD mz/day
Aaquifer specific yield Sy m3/m?3
Groundwater recession coefficient J! day™!
Meteorological forcing van Beek (2008); CRU (Harris et al., 2014); W5E5
(Cucchi et al, 2020; Stefan et al, 2021)
e  Total precipitation P m/day
. Atmospheric air temperature Tair °CorK
e Reference potential evaporation and transpiration  Erefpot m/day
Others
. Non-irrigation sectoral water demand (i.e., - m/day Wada et al. (2014)
livestock, domestic, and industrial)
e  Desalinated water - m/day Wada et al. (2011a); FAO (2016)

. Lakes and reservoirs

GLWD1 (Lehner and Déll, 2004); GRanD (Lehner et
al., 2011)
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potential evapotranspiration Hydraulic conductivity, aquifer thickness.

Table S4: Summary statistics of similarity matrix of mapped GDEs against known GDEs in the Australian
GDE atlas by Doody et al. 2017

GDE Known GDE Hitrate Hitrate (All GDEs)
Aquatic 79 % 87 %
Wetland 92 % 95 %

Terrestrial 89 % 92 %

30
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Figure S5. Bias of observed groundwater depths against simulated groundwater depth from pre factor global
parameter sets . kD = transmissivity, bed-cond= river bed conductance, deklaag-vcond = thickness of the vertical

35 confining layer and sto_coef = storage coefficient
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Figure S6. Histogram of mean bias of categorized observed groundwater depths (m).
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Figure S7. Average simulated groundwater levels for 1979 — 2019 with the steady-state model.
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Figure S8. Locations (red) where groundwater seepage ( in red) or infiltration (in blue) occurs from the lower model

layer towards the upper layer of the groundwater model.
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60 Figure S9. Differences below surface level (m) in average simulated (top) and observed (bottom) groundwater depths
between 1979-2000 and 2001-2019. Red areas indicate a decline in groundwater levels and blue areas indicate areas

with an increase in groundwater levels. White areas in bottom figure are locations with no well data.
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Figure S10: Changes between simulated groundwater recharge and between period 2001-2019 relative 1979-2000 and
average abstraction rates over 2001-2019.

70

75



References
Canadell, J., Jackson, R. B., Ehleringer, J. B., Mooney, H. A., Sala, O. E., and Schulze, E.-D.: Maximum  rooting depth of
vegetation types at the global scale, Oecologia, 108, 583-595, 1996.

80 Cucchi, M., Weedon, G. P., Amici, A., Bellouin, N., Lange, S., Miller Schmied, H., Hersbach, H., and Buontempo, C.:
WFDEDS: bias-adjusted ERAS reanalysis data for impact studies, EarthSyst. Sci. Data, 12, 2097-2120,
https://doi.org/10.5194/essd-12-2097-2020, 2020.

Food and Agriculture Organization of the United Nations (FAQO): Digital Soil Map of the World, Version 3.6.
FAO, Rome, Italy, 2007.

85 Gleeson, T., Moosdorf, N., Hartmann, J., and van Beek, L. P. H.: A glimpse beneath earth’s surface: GLobal HYdrogeology
MaPS (GLHYMPS) of permeability and porosity, Geophys. Res. Lett., 41, 3891-3898,
https://doi.org/10.1002/2014GL059856, 2014.

Hagemann, S., Botzet, M., Dimenil, L., and Machenhauer, B.: Derivation of Global GCM Boundary Conditions from 1 Km
Land Use Satellite Data, Max-Planck-Institut fir Meteorologie, Hamburg, Germany, 1999.

90 Hagemann, S.: An improved land surface parameter dataset for global and regional climate models, Max- Planckinstitut fur
Meteorologie, Hamburg, Germany, available at: https://www.mpimet.mpg.de/fileadmin/publikationen/Reports/
max_scirep_336.pdf (last access: 15 September 2017), 2002.

Lehner, B. and Ddll, P.: Development and validation of a global database of lakes, reservoirs and wetlands, J. Hydrol., 296, 1—
22, 2004.

95 Lehner, B., Reidy Liermann, C., Revenga, C., Vérosmarty, C., Fekete, B., Crouzet, P., Doll, P., Endejan, M., Frenken, K.,
Magome, J., Nilsson, C., Robertson, J., Rddel, R., Sindorf, N., and Wisser, D.: High- resolution mapping of the world’s
reservoirs and dams for sustainable river-flow management, Front. Ecol. Environ., 9, 494-502, 2011.

Lehner, B., Verdin, K., and Jarvis, A.: New global hydrography derived from spaceborne elevation data, Eos T. Am. Geophys.
Un., 89, 93-94, https://doi.org/10.1029/2008E0100001, 2008.
100 Olson, J. S.: Global ecosystem framework-definitions, Tech. rep., USGS EROS Data Center Internal Report, Sioux Falls, SD,
1994a.
Olson, J. S.: Global ecosystem framework-translation strategy, Tech. rep., USGS EROS Data Center Internal Report, Sioux
Falls, SD, 1994b.
Portmann, F. T., Siebert, S., and D6ll, P.: MIRCA2000-Global monthly irrigated and rainfed crop areas around the year 2000:
105 A new high-resolution data set for agricultural and hydrological modeling, Global Biogeochem. Cy., 24, GB1011,
https://doi.org/10.1029/2008GB003435, 2010.

Stefan, L., Christoph, M., Stephanie, G., Marco, C., Graham, P. W., Alessandro, A., Nicolas, B., Hannes Mdiller, S., Hans, H.,
Carlo, B., and Chiara, C.: WFDES5 over land merged with ERA5 over the ocean (W5E5 v2.0), ISIMIP Repository [data
set], https://doi.org/10.48364/I1SIMIP.342217, 2021.

110 USGS EROS Data Center: HYDRO1k Elevation Derivative Database, LP DAAC, available at: http://edcdaac.usgs.gov/
gtopo30/hydro/ (last access: 15 September 2017), 2006.
van Beek, L. P. H. and Bierkens, M. F. P.: The Global Hydrological Model PCR-GLOBWB: Conceptualization,
Parameterization and Verification, Tech. rep., Department of Physical Geography, Utrecht University, Utrecht, the
Netherlands, http: //vanbeek.geo.uu.nl/suppinfo/vanbeekbierkens2009.pdf (last access: 15 September 2017), 2009
115 van Beek, L. P. H.: Forcing PCR-GLOBWB with CRU data, Tech. rep., Department of Physical Geography, Utrecht
University, Utrecht, the Netherlands, http://vanbeek.geo.uu.nl/suppinfo/ vanbeek2008.pdf (last access: 15 September
2017), 2008.
Verdin, K. L. and Greenlee, S. K.: Development of continental scale digital elevation models and extraction of hydrographic

features, in: Proceedings, Third International Conference/Workshop on Integrating GIS and Environmental Modeling,

10


https://doi.org/10.48364/ISIMIP.342217

120 Santa Fe, New Mexico, 21-26 January 1996, National Center for Geographic Information and Analysis, Santa Barbara,
California, 1996.
Wada, Y., van Beek, L. P. H., Viviroli, D., Diirr, H. H., Weingartner, R., and Bierkens, M. F. P.: Global monthly water stress:
2. Water demand and severity of water stress, Water Resour. Res., 47, W07518, https://doi.org/10.1029/2010GL 044571,
2011a.
125 Wada, Y., Wisser, D., and Bierkens, M. F. P.: Global modeling of withdrawal, allocation and consumptive use of surface water

and groundwater resources, Earth Syst. Dynam., 5, 15-40, 2014.

11



