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Hillslope hydrology in landslide research

Hydrology as connection between 
Earth Science and Civil Engineering

• Land degradation, mass movement and landslides
• Hillslope hydrology & landslides
• Problem: how and where does the water flow?
• Tracing water within landslides
• Distributed Temperature Sensing
• Research challenges
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Land degradation classification
1. Internal soil deterioration

- Sealing and crusting
- Compaction
- Waterlogging
- Aridification
- Urbanisation

2. Soil material displacement
- Soil erosion by water
- Soil erosion by wind
- Mass movement

3. Chemical soil degradation
- Loss of nutrients
- Acidification
- Discontinuation flood-induced fertility
- Acid soil formation
- Salinisation and alkalinisation
- Pollution

4. Biological degradation
- Reduction of soil biological activity
- Reduction of biological diversity
- Degradation of forest and other ecosystems

Boulc-Mondores landslide
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Falls - Topples - Slides - Spreads - Flows
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Lateral movement classification
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The role of water
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Submerged stress: principle of effective stress
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Unsaturated and
saturated zones
have to be
considered

Frequency-Magnitude relationship

Malet, 2005
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We often are only capable of modelling the 
groundwater fluctuation range

Modelled groundwater is too smooth.

Bogaard, 2001
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Problem: how and where does the water flow?
Salins-les-Bains, France
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Problem: how and where does the water flow?
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How does water flow in hillslopes?

McDonnell, 1990

Newman, 1998
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Sidle et al, 2001

How does water flow in hillslopes?



14

Thom Bogaard

How does water flow in hillslopes?
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Weiler and McDonnell, 2007

Flow in connected pipe network in hillslopes
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Landslide vs hillslope hydrology paradox : 
Rainwater travels fast to the outlet to initiate floods 
but also to the groundwater to initiate failure!

Rapid rise of groundwater (Gillham, 1984)
Limited drainage
Preferential flow
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Landslide vs flood paradox ?

Boulc-Mondores landslideDresden, flood 
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Tracing water: hydrogeochemistry in landslides

• Geochemistry: Boulc-Mondorès, Drome, France 
• Hydrochemistry: Super-Sauze, Ubaye, France
• Isotopes: la Clapière, near Grenoble, France

Distributed Temperature Sensing: Fibre Optic Cable

• Discharge generation headwaters, Luxembourg
• Test on landslide hydrology, Super Sauze, France
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Geochemical profile drilling Boulc-Mondorès

Bogaard et al., 2004
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Geochemical profile drilling Alvera, Italy

Bogaard et al., 2004

Precipitation influence

Regional groundwater
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De Montety et al., 2007

Hydrochemical synthetic cross-section Super-Sauze
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Elevation dependent isotopic signal: Clapière

Guglielmi et al, 2002

June

Dec

Gradient samples

spring samples
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Distributed Temperature Sensing
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The question: where is the discharge generated?

Distributed Temperature Sensing
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The question: where is the discharge generated?

Distributed Temperature Sensing
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Distributed Temperature Sensing
Continuous temperature sensing with fibre optic cable

Westhoff et al., 2007

Slides from EGU 2007
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DTS: Principles

• Fiber optic cable
• Cable length up to 10 km
• Laser pulse (5 ns)
• Reflections
• 30 s temporal resolution
• 0.01 °K at integration times of 30 min
• Spatial resolution 1 m

Westhoff et al., 2007
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DTS: Principles
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DTS Example: Lateral inflow in 1st order stream
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DTS Example: Lateral inflow in 1st order stream
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DTS Example: Lateral inflow in 1st order stream
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DTS Example: Energy Balance Model

Heat

exchange

Groundwater

Lateral inflow
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Quantify runoff components: energy model

Overland flow

Subsurface flow

Groundwater
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Coupling Distributed Temperature Sensing to fissure 
system and hydrology in landslide research: S Sauze

Cable length: 100 and 300m. 
Installation depth = ± 0.25m. 
Cable location determined 
with dGPS.

Super Sauze
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DTS at Super-Sauze large scale infiltration experiment

Downslope



36

Thom Bogaard

Temperature measurments
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DTS Super Sauze long profile: Identifying fissure 
system and hydrology 
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Short interpretation:
- Difference between the areas where the cable is in 
the soil and where it is in the air can be clearly 
observed

- Difference in temporal behaviour of the measured 
soil temperature in the wet and dry areas

Forthcoming objective:
- Invert the temperature signal to estimate soil 
moisture and position of GWL

- Try to relate dT signal to soil bulk density and thus 
to fissures

DTS: Identifying fissure system and hydrology 
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Temperature measurments
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Summary

• Fast development in hillslope hydrology and 
surveying techniques like hydrogeochemistry
and geophysics

• Challenge is to quantify spatial and temporal 
distribution of hydrological responses within a 
slope and of vegetation

• Further development of Distributed 
Temperature Sensing and apply it to hillslope
hydrology and landslide hydrology


