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1. Introduction

The response time of groundwater (GW) discharge to fluctuations in recharge is essential
to predict impacts of land-use and climate change on catchment water yield. Aquifers
Impose a time-lag between changes in recharge and discharge to streams and have a
large capacity to buffer surface water variability, depending on the scale of the system
and its physical attributes. Over shallow water table (WT) regions, groundwater also
Influences soil moisture memory and evapotranspiration (Fig. 1).

Fig. 1 — Buffering effects of groundwater (adapted from Lo & Entekhabi et al. 1996)
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Land surface models (LSMs) provide a suitable environment to quantitatively estimate
these feedback mechanisms. A first-order representation of groundwater as a single
inear storage element is frequently used in LSMs (2). Hydraulic groundwater theory
provides an analytical framework to allow the parametrization of this reservoir, in terms of
a baseflow characteristic timescale 7 (3). Here we evaluate to what degree the use of
this physically-based time constant in the routing scheme affects simulated river
discharges across large catchments (4). On this basis, we discuss the reliability of such a
global scale estimate of GW response times in land surface hydrology modelling (5).

3. Estimation of a physically-based baseflow timescale

We use the long-time solution of the linearized Boussinesq equation (Brutsaert 2005) to
estimate t as a function of catchment descriptors (Fig. 3) at global scale (Fig. 4).

Fig. 3 — T formulation
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2. Groundwater representation in land surface models

ORCHIDEE (Krinner et al. 2005) is a land surface model developed in Institut Pierre Simon
Laplace that allows the simulation of the terrestrial water and energy balances. In the
routing scheme, each successive sub-basin in grid cells includes three linear reservoirs for
stream, hillslope and groundwater (Fig. 2).

Fig. 2 — Soil hydrology and routing scheme in ORCHIDEE
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Q; (kg.st) is the flux out of each reservoir Vi

V: (kg) is water amount in the reservoir i Qiout - —
T

T; (S) Is the characteristic timescale of travel time within each reservoir i

d (m) is the river length from one subgrid basin to the next one d
6 is the height lost over river path / river path length o= g —
g; (s.m1) is a reservoir property estimated empirically using observed discharge i = Yi \/5
of the Senegal River (Ngo-Duc et al. 2007) and assumed constant over the globe

4. ORCHIDEE simulated river discharge

ORCHIDEE is run globally in offine mode at 0.5° under a WFDEI GPCC forcing (Weedon
et al. 2014). Results using 7, (3) are compared to a reference simulation using the initial
almost spatially constant topographic-dependent 7, (2) (Fig. 5).

3. Amazon@Obidos 2. Orinoco@Puente Aongostura 1. Mississippi@Vicksburg

Fig. 5 — Evaluation of the
simulated against observed
river discharge (ms3.s1) from
GRDC between 1985-2010.

15000 25000
| | | | |

0 50000
0 5000

1 T T T T T 1
M J J A S OND

9. Mekong@Pakse

T; >> 1 year

5000 10000

0
|

1 1 1 1T 1T 1T 1 T T T 1
J FMAMJI J A S ONTD

6. Danube@Ceatal Izmail 13. Zambezi@Matundo-Cais

s

T T
J J

14. Orange@Vioolsdri

900 1200 1500

600

300

ToRrcC & obs.
<1year

0 1000 2000 3000 4000 5000

0 2000 4000 6000 8000

0

Fig. 6 — Baseflow timescale t; against typc
foreand a reference range from recession analysis.

v Increased buffering of river discharge variability « drainage

v 1. Is largely overestimated when compared to references at the basin scale (Fig. 6)
and not suitable for parametrization of a shallow linear groundwater reservoir.
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5. Discussion

v Relevance and accuracy of global estimates of aquifer hydraulic properties

6. from GRIN, a river network describing natural heterogeneities and in agreement with observations

e, 8, n,: uncertain but expected variations of about one order of magnitude

K: a mean value per hydrolithology class, varies up to 6 orders of magnitude, a higher range than in soil
hydraulic conductivity databases (e.g. USDA) or LSMs with groundwater model (e.g. Vergnes et al. 2012)

v Underlying assumptions in the analytical method: quasi-steady state approach, shallow
unconfined aquifer with small depth to length ratio, homogeneous isotropic aquifers
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Preferential flow pathways due to natural heterogeneities in aquifers (Fig. 7) strongly
iInfluence groundwater recharge and discharge.

v Relationships between the groundwater outflow rate and the controlling physical and
hydrologic parameters of the basin (Fig. 8)

Analytical approach: minimum baseflows in the annual cycle (R;) as function of the aquifer response time

(Erskine & Papaiaonnou 1997)

Numerical modelling: idealised 1-D solutions using MobrLow (Harbaugh & McDonald 1996) considering
subsurface heterogeneity and transient recharge

Real small catchments (Falcone 2011, Poncelet 2016): land slope and drainage density of the watersheds,
effective porosity and hydraulic conductivity of the underlying shallow aquifers

Fig. 8 — Ry - T relationships
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6. Conclusion and perspectives

v The use of a physically-based v in ORCHIDEE deteriorates river discharge simulation
due to a strong buffering effect -+ rapid local flow is dominant.

v A more appropriate description of the physical properties of near-surface aquifers
(T & n,) is required to provide better agreement with observations.

v Future research may investigate (i) how to take into account spatial heterogeneity
and climate variability in ¢ formulation (i) the implementation of a nonlinear storage
groundwater reservoir in ORCHIDEE.

References

Brutsaert (2005) Hydrology: An Introduction. Cambridge University Press, 605 p. and Hydrology in Dynamic Ecosystems (ORCHIDEE) with Gravity Recovery and Climate

Entekhabi et al. (1996) Mutual interaction of soil moisture state and atmospheric processes. Experiment (GRACE) data. Water Resour. Res. 43: W04427.
Journal of Hydrology 184: 3-17. Poncelet (2016) Du bassin au parametre : jusqu’ou peut-on régionaliser un modeéle

Erskine & Papaioannou (1997) The use of aquifer response rate in the assessment of hydrologique conceptuel ? PhD thesis, UPMC, Paris, 366 p.
groundwater resources. Journal of Hydrology 202: 373-391. Schaller & Fan (2009) River basins as groundwater exporters and importers: Implications for

Falcone (2011) GAGES-IIl: Geospatial attributes of gages for evaluating streamflow. USGS. water cycle and climate modeling. Journal of Geophysical Research: Atmospheres 114: D4.

Fan et al. (2013) Global Patterns of Groundwater Table Depth. Science 339: 940-943. Schneider et al. (2017) Global-scale river network extraction based on high-resolution
Gleeson et al. (2014) A glimpse beneath earth's suface: GLobal HYdrogeology MaPS topography and constrained by lithology, climate, slope, and observed drainage density.

(GLHYMPS) of permeability and porosity. Geophys. Res. Lett. 41: 3891-3898. Geophys. Res. Lett. 44: 2773-2781.

Harbaugh & McDonald (1996) Programmer's documentation for MODFLOW-96, an update Xergl_nest_ et .ag. (qug) A S('jmg][ﬁ. Gré)ur}dV\?lter Schl?me fOS Hydrtl)lofghcz?jl andt CI|n|1ate
to the US Geological Survey modular finite-difference ground-water flow model. USGS. pplications. Description an ine tvaluation over rrance. Journal of Hydrometeorology

13:1149-1171.
Krinner et al. (2005) A dynamic global vegetation model for studies of the coupled . . ] :
atmosphere-biosphere system. Global Biogeochem. Cycles 19: GB1015. Weedon et al. (2014) The WFDElI meteorological forcing data set: WATCH Forcing Data

, , _ , . methodology applied to ERA-Interim reanalysis data. Water Resour. Res. 50: 7505-7514.
Morris & Johnson (1967) Summary of Hydrologic and Physical Properties of Rock and Soil

Materials, as Analyzed by the Hydrologic Laboratory of the US Geological Survey 1948-1960.
USGS. Acknowledgements

Ngo-Duc et al. (2007) Validation of the land water storage simulated by Organising Carbon ~ This work was supported by the I-GEM ANR. o

QAGU FALL MEETING



	Diapositive numéro 1

