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❷ Innovative model for heterogeneous catchments

❹ Extrapolation to the regional scale

❺ Conclusion References

❶ Context, issues and research goals

❸ Improved streamflow prediction

① Forcings terms from SURFEX model that partitions
precipitation between evapotranspiration, surface runoff and
infiltration.

④ Groundwater flows modeled at the hillslope
scale
Hydraulic conductivity K and porosity φ are the
aquifer parameters.

③ Heterogeneity in hydrodynamic properties
and subsurface processes. Two equivalent
hillslopes with same morphological profiles and
climatic inputs but different aquifer properties.

⑤ Hillslope contributions summed to get the
catchment scale discharge qT

② Generation of an equivalent hillslope through DEM analysis
method. It is defined by its width profile ω(x) [m] and its
topographical slope θ(x) [-] as functions of the iso-distance to the
river x [m].

Same average climatic conditions:
- Precipitation ≈ 850 mm/year
- Evapotranspiration ≈ 550 mm/year
- Infiltration ≈ 235 mm/year
- Surface runoff ≈ 65 mm/year

Similar morphologies:
- Average slopes ≈ 3-4%
- Divergent shapes
- Areas ≈ 100 km²

They differ by their geological context and drainage density.

A combination of hillslope
processes shapes the catchment-
scale streamflows.

Low-conductive hillslopes enhance
overland flows and sustain late
recessions.

High-diffusive hillslopes shape the
event- and seasonal-scale
recessions.

The difference in hydrological
behavior between the two
catchments shows the role of
groundwater-surface water
interactions in shaping the
catchment-scale storage-discharge
responses.

High flow variability between seasons
Vulnerable

High storage and buffering capacities
Resilient

K ≈ 10-8 m/s K ≈ 10-6 m/s

To what extent is geology an indicator of resilience or vulnerability ?

Evidence of correlation between effective hydrodynamic
parameters and lithological cover

K ≈ 10-8 m/s K ≈ 10-6 m/s

Catchment classification 
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Each pixel represents a simulation associated
to a given value of hydraulic conductivity and
porosity.
Color represents the ability of the simulation
to reproduce streamflow. (Nash coefficient)

optimal simulations

 Effective parameters are efficient to represent hydraulic behavior at the catchment scale.
 Evidence of correlation between catchment resilience and lithological cover at the regional

scale despite catchment complexity.
 Catchment-scale hydrological responses might be used to set up regional models in regions

dominated by shallow subsurface transfers.

Plutonic rocks
Metamorphic and sedimentary
rocks (schist, shales)

 Identifying the first-order geomorphological and geological
controls on streamflow dynamics

 Improving streamflow prediction on combined
heterogeneity and hydrological processes.

 Assessing how hydrogeological conditions of a catchment
are factor of resilience or vulnerabilty.

Catchment resilience emerging from interactions between saturation-limited 
recharge, subsurface storage and sustained discharge
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The recharge is approximately the
same on both catchments during
high flows period.

K ≈ 10-6 m/s
K ≈ 10-8 m/s

 Lack of knowledge on hydrodynamic properties at
catchment scale.

 Homogeneous assumptions of aquifer properties at the
regional scale.

 Uncertain prediction of low flows in the absence of
classical storage-flux relation.

ISSUES RESEARCH GOALS

Streamflow is mainly fed by the
drainage of the aquifers

LOW-FLOWS

⑥ Effective hydraulic conductivities and
porosities are calibrated by minimizing the
error between observed and modeled
discharge timeseries averaged at the
weekly time scale.
 K [m/s] : 10-8 to 10-3 (50 times)
 φ.D [m] : 0 to 15 (50 times)

Resolving surface/subsurface processes with a parsimonious physical based model

Heterogeneity arising from
two optimal solutions

The modeling approach is assessed on two 

pilot catchments located in Brittany (France)

 Successfull assessment of 
hydraulic conductivity on 2 
orders of magnitude.

 Effective hydraulic conductivity 
seems to be spatially distributed
according to the geological map.

CONTEXT

Crystalline areas
• Low hydraulic properties
• Strong geological heterogeneity

Resilience versus Vulnerability of water resources
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