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Peatlands in France

• Massif Central: 79 
SACs designated 
principally for / 
containing mire 
habitats listed in 
Annex I of Habitats 
Directive
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The Massif Central is one of the areas with the highest density of mires in metropolitan
France. A large number of Special Areas of Conservation have been designated that contain
mire habitats listed in Annex I of the Habitats Directive, whether or not these habitats are
the primary reason for designation.
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A large percentage of these mires are acidic valley mires located at the bottom of etch-
basins in basement regions.
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First-order streams frequently emerge from these headwater wetlands.
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In many parts of the Massif Central, in common with many other upland areas in France and
around the world, changes in the rural economy have led to dramatic changes in land use
over the last century, especially in the period after 1945. There has, in particular, been a
large increase in forest cover, both through active plantation and spontaneous afforestation
of land abandoned by farming. A large proportion of open habitats on mineral soils, in
particular heathlands, have been afforested, most commonly with conifers (Douglas fir,
Norway spruce). In the Massif Central, direct afforestation of mires has been quite rare,
mostly for economic and technical reasons, and only mineral soils have been afforested, as
evident from these aerial photographs.



CEN Limousin & Laboratoire de cartographie, 
Université de Limoges - Laëtitia Feydel, 2003
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This map (curtesy of CEN Limousin & Laboratoire de cartographie, Université de Limoges -
Laëtitia Feydel, 2003) shows the scale of changes in landuse that have occurred since the
early 19th century in Limousin, on the western part of the Massif Central. Heathlands used
to be predominant particularly in the uplands (>500m), but have almost entirely
disappeared and been replaced by forests.
The impacts of these changes in landuse on the hydrology and conservation of wetlands
have never been assessed in France, and in fact, only a handful of studies are available
worldwide.



Notes Slide 7

We used MIKE SHE coupled to HYLUC to investigate the potential impact of catchment
afforestation on wetland water balance in a representative catchment located in the north-
west of the Massif Central. The 235ha study area is a typical etch-basin, with, at the bottom
of the basin, an acidic mire from which first-order streams emerge. A residual hill is located
in the middle of the mire. The site is designated as a National Nature Reserve (Réserve
Naturelle Nationale de la Tourbière des Dauges) and as a Special Area of Conservation. The
catchment was equipped with a number of weather, stream discharge and groundwater
table depth monitoring stations and monitored for 3 years.
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A view of the research site, with the mire in the foreground, the residual hill in the middle
and the hillslope in the background. Most of the mineral soils are occupied by deciduous
woodland, with some additional grassland and heathland.



MIKE SHE – MIKE 11 model
• Model domain & resolution

• 235ha, 10m resolution
• trade-off between model performance and run time

• Saturated flow:
• Fissured layer modelled using 3D Darcy equation based on an 

Equivalent Porous Medium approach.
• Two geological & computational layers:

• Peat (actual depth) + mineral soils (assumed 2m deep for 
compatibility with tree root depth in evapotranspiration
model);

• Fissured zone (assumed to be 50m deep and to follow surface 
topography based on ERT and borehole data);

• Hydrodynamic properties assumed to be homogeneous across
depth and space.
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Field observations, Electrical Resistivity Tomography transects and available borehole logs
showed that saprolite has been almost entirely eroded away from the hillslopes. As a
consequence only the peat layer and the densely fissured granite were included in the MIKE
SHE geological model.



MIKE SHE – MIKE 11 model

• Overland flow
• successive over-relaxation method to reduce run times

• Channel flow
• kinematic routing to reduce run times

• overland-river exchange is one way only

• Unsaturated flow & ET
• two-layer model: to reduce run times and number of 

calibration parameters

• ET computation modified to ressemble HYLUC (Calder 2003)
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HYLUC - MIKE SHE coupling

• Interception main mechanism explaining differences in ET 
between tall and short vegetation
• Forests: interception rate 3-5 times higher than transpiration rate
• Similar rates in short vegetation (grassland).

• Two-layer model in MIKE SHE v. 2009: evaporation from
interception and transpiration not distinct, proceed at Kc ×
ETref.

• MIKE SHE – HYLUC coupling for tall vegetation:
• Distinction between wet time evaporation and dry time 

transpiration
• Wet time evaporation (interception) calculated as in HYLUC
• Dry time transpiration (and evaporation from ponded water, 

assumed small) calculated in MIKE SHE
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HYLUC - MIKE SHE coupling

• Daily wet time fraction 𝑤 = 1 − 𝑒−𝑃/𝛾

𝐼 = 𝛾 1 − 𝑒−𝑃/𝛾• Daily interception

• Tall vegetation
• Daily evapotranspiration 𝐸𝑇 = 𝐼 + 𝐸𝑇 𝑑𝑟𝑦

• Daily dry time evapotranspiration 𝐸𝑇𝑑𝑟𝑦 = 𝛽𝑚𝐸𝑜 1 − 𝑤

• Short vegetation
• Daily evapotranspiration 𝐸𝑇 = 𝛽𝑚𝐸𝑜
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Gamma is a calibrated parameter and P the precipitation.
Beta is equivalent to a crop coefficient (in the case of short vegetation) or a basal crop
coefficient (in the case of tall vegetation), m is the soil moisture regulation function reducing
transpiration under water stress conditions, and Eo is the reference evapotranspiration (FAO
Penman-Monteith)

Here, the soil moisture regulation function m is that of the MIKE SHE two-layer model.



HYLUC - MIKE SHE coupling

• 𝛾 calibrated against expected long-term interception ratio
• Annual for conifers and heath, seasonal for deciduous
• Representative of average forestry practices

• 𝛽 for tall vegetation (basal crop coefficient) estimated using
Allen & Pereira (2009).
• Estimated values (0.78, 0.77 and 0.69 for conifers, deciduous 

and heathland, respectively) in agreement with values 
measured in similar environments

• 𝛽 for short vegetation (crop coefficient) based on published
values
• 0.6-0.9 for acidic grassland, 1.05 for wetland
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The model was calibrated and validated against a large number of observed discharge and
groundwater table depth time-series. Model performance was satisfactory to excellent for
streamflow, both upstream (centre and bottom plots) and downstream of the wetland (top
plot).
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Model performance was satisfactory to good for a large number of dipwells. The complete
saturation of peat soils for a large part of the year, as well as changes in GWT in late summer,
were well simulated.
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There was an excellent agreement between the mean simulated groundwater table depth
and the extent of wetland vegetation that was mapped independently, including in areas
where no groundwater table observations were available for model calibration, and
including in peripheral extensions located at an altitude 10-30 m higher than the main
wetland extent. This suggests that the model reproduces hydrological processes well within
the entire catchment, and that the Equivalent Porous Medium approach used to model
saturated flow within the fissured granite is an acceptable approximation.



40% of inflows

27% of inflows

32% of inflows
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Simulated wetland water balance. Volumes expressed in mm/year (mean from 2001 to
2013).
The wetland is a groundwater discharge area and constitutes an interface between the
weathered granite aquifer and watercourses.
The model suggests that precipitation and groundwater upwelling contribute almost equally
to total water inputs to the wetland. Overland runoff from mineral soils is the main
contributor, but most of it is actually generated by return groundwater flow on mineral soils
immediately upstream of the wetland.



92% of inflows
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Groundwater upwelling makes for almost all inputs to the peat saturated zone. It has an
essential functional role in maintaining a shallow groundwater table within the mire. As a
consequence, precipitation and overland runoff are quickly evacuated through saturation
excess runoff and only contribute to the saturated zone water balance when the water table
drops below ground level for 2-3 months at most in late summer.



Simulated impacts of afforestation
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The model was forced with three landuse scenarios in which all mineral soils are occupied by
a single landuse class. No afforestation of the wetland itself was simulated as this is not
usual forestry practice in the Massif Central.



• Catchment:

• Simulated ET / rainfall ratio:
• conifer woodland 64% (Harsch et al. 2009: 65%)

• broadleaf woodland 45% (Harsch et al. 2009: 56%)

• grassland 37% (Harsch et al. 2009: 36%)

• heathland 35%

• Simulated aquifer recharge / rainfall ratio:
• conifer woodland 36%

• broadleaf woodland 52%

• grassland 59%

• heathland 60%

Simulated impacts of afforestation
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The simulated ET/rainfall ratios are very similar to those recorded by Harsch et al. (2009) in a
40-year long lysimetric experiment in Germany, and to a number of other afforestation
observational studies in similar environments.



• Mire (simulated change relative to broadleaf woodland 
scenario):

• Overland inflow:
• conifer woodland -50%

• grassland +29%

• heathland +22%

• Groundwater inflow:
• conifer woodland -14%

• grassland +4%

• heathland +4%

Simulated impacts of afforestation
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These plots show GWT depth time-series in selected dipwells for which model performance
was satisfactory. The replacement of existing vegetation on mineral soils (mostly deciduous
woodland) by conifer plantations would lead to a significantly lower GWT in the mire in
summer but only in peripheral areas. The heathland and grassland scenarios have an
opposite impact, however this impact is smaller in amplitude because GWT is already close
to ground level most of the year.
This suggests that the impacts of afforestation may be more important in wetlands where
the GWT is generally deeper and more variable, for instance at lower altitudes.



conifer woodland grassland
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These maps show the simulated mean groundwater table depth anomaly (change compared
to the baseline) for the conifer and grassland scenarios. The red and blue colours indicate a
deeper and shallower groundwater table, respectively (note that pixels outside the wetland
have been masked out for clarity purposes). Again, the maps suggest that the impact of
changes in catchment landuse on GWT depth would be larger in peripheral areas. It would
also be larger in late summer, when water stress is at its highest.



conifer woodland grassland heathland

Q95 (low flow) - 46-82% + 13-31% + 33-89%

Q05 (storm flow) - 22-45% + 11-26% + 3-16%

mean flow - 28-47% + 13-29% + 9-26%
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The table gives simulated percent changes in simulated streamflow relative to the baseline.
The model predicts significant impacts of changes in catchment landuse on streamflow. In
percent terms the impact is largest on low flows. These figures are in line with the results of
a number of observational studies worldwide. Interestingly, the model suggests that a
heathland-covered landscape, as opposed to grassland, would result in a large increase in
low flows but in a moderate increase in storm flow only.



Conclusions

• Successfull application of MIKE SHE to the hydrological
modelling of a valley mire in a hard-rock region.

• Replacement of open habitats by forest, and replacement of 
deciduous woodlands by conifer plantations may have a 
detrimental impact on the hydrological condition of valley
mires.

• Policies should be implemented to restrict or reduce
afforestation, and in particular large-scale conifer
plantation, within the catchment of European-designated
mires.
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