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1. Introduction

2. Experimental Setup

Recent floods in the UK have focused attention on the effects of rural land use and land
management change on flood risk. Attempts to quantify these effects from catchment scale
responses have failed due to reasons such
as climate variability, spatial distribution of
land management types and poor historical
records of land use and land management
change (Beven, 2008). To improve our
Pontbren
catchment
understanding, a multiscale experimental
and modelling programme has been
implemented in the Pontbren (18km2) and
Rhos Aflo (4km2) catchments in mid-Wales
Figure 1 : Location of the Pontbren Catchment
(Marshall et al (2009)).

As part of the experimental programme,
four sets of three manipulation plots have
been monitored both before and after
land use changes. In each set of plots, the
existing land use (grazed grassland) has
been changed (in February 2007) to
ungrazed grassland (by excluding sheep)
and to young woodland (by excluding
sheep and planting trees). Data collected
include soil hydraulic properties, soil
moisture and continuous overland flow,
soil water pressure and rainfall.
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Figure 2. Outline of Pontbren and Rhos Aflo catchments
with locations of the manipulation plots

3. Observations
Soil moisture records (figure 5.) highlight heterogeneity between the sites and a relative
drying of the A horizon at the trees site with time since planting. A drought in summer 2006
appears to have led to temporary macropores that were persistent for most of the time
before manipulation, allowing faster drainage and therefore reduced overland flow (figure 4).
Post-manipulation and relative to the control site, overland flow was reduced at both the
ungrazed and tree planted sites, with the effects greatest in the tree plot.
Figure 3: Matric Potential record at Rhos 1 (resolution - 10 minutes)

Figure 4: Overland Flow record at Rhos 1 (resolution - 10 minutes)

Figure 5: Soil Moisture record at Rhos 1 (resolution - 2 weeks)

4. Modelling
An inverse modelling programme is currently underway using a detailed physics based model,
SPW, to simulate 1-dimensional saturated and unsaturated subsurface flow and overland
flow. The aim is to quantify the changes in soil hydrological properties associated with the
changes in land use. While some success has been obtained with the simulation of overland
flow (figure 6), a number of challenges have been encountered in the modelling process.
1. Parameter Identifiability
Initial best fits only appear to show a dependence on the lower hydraulic conductivity, and
surprisingly, not to the parameters related to A horizon storage
2. Boundary Conditions
Although different boundary conditions can yield similar overland flow fits, the parameters
determined through the inverse modelling are strongly influenced by the boundary condition
assignment, as shown in figure 7.
3. The Effects of Drought on the Site
The effects of the drought make it difficult to distinguish between hydraulic property changes
related to the drought and to the land use. Analysis of the raw data indicates that the drought
has a larger effect than the land use change at this stage of the manipulation experiments.

Figure 6: (a) Rainfall and (b) Simulated and Observed Overland flow for Rhos 2, Ungrazed

(a)

(b)

4. Conceptual Understanding of the System
Best fit simulations tend to over predict larger overland flow events, suggesting that an
important process, such as lateral flow or macropore flow, is missing from the model.

5. Future Work
Modelling work will continue, with the results ultimately used to inform conceptual models
which in turn are used to upscale the observed field scale changes to examine catchment
scale effects. The catchment scale models will be used to investigate the effects of land
management changes, such as stocking changes and afforestation, on downstream flood risk.

Figure 7: Monte Carlo simulation outputs. Scatter plots of saturated hydraulic conductivity versus modelling
performance for both overland flow and the 10cm tensiometer. (a) shows results using the 50cm tensiometer as
the boundary condition, and (b) shows the results of using a free drainage boundary condition
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