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Effects of recent woodland planting and projected changes in climate

• ‘Bottom-up’ agri-environment scheme established by 
local farming consortium in 1997 
• Aims to improve economic sustainability of livestock 
farming and restore the local environment
• Shift back to extensive rearing of smaller Welsh hill sheep 
has necessitated woodland and hedgerow planting to 
provide shelter and provided opportunity for wetland and 
riparian zone restoration
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Effects of post-WWII agricultural intensification

Background to research 
• Widespread agricultural intensification throughout British uplands during mid-late 20th century
• Large areas of moorland converted to permanent pasture through drainage and reseeding with improved grass varieties: 26% of Welsh uplands and 14% of English uplands now 
occupied by improved grassland habitat
• Rapid increase in livestock numbers: total number of breeding ewes in English and Welsh uplands increased from  2.9 million in 1969 to 5.1 million in 1995
• Increased levels of surface runoff and soil erosion identified at local-scales as a result of changes in agricultural land management
• Changes also linked with increased flood frequency/magnitudes and sediment yields at catchment-scale but potential land management signatures difficult to isolate from natural 
climate variability in historical data sets
• Multiscale (plot-hillslope-small catchment) experimental and modelling programme established in the Pontbren Experimental Catchment in 2004 to investigate effects of upland 
agricultural land management on hydrology and sediment dynamics
• FRMRC research team: Imperial College London, University of Nottingham, Centre for Ecology and Hydrology, University of Bangor
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Bedload and suspended sediment transport relationships at gauging sites on the Nant Pen-y-cwm (modified 
subcatchment) and Nant Melin-y-grug (control subcatchment)

McIntyre and Marshall (2010)

Runoff duration curves for Nant Pen-y-cwm and Nant Melin-y-grug

Relationship between improved 
grassland coverage and residence 
time (T) at gauging stations in the 
Pontbren Experimental Catchment
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Historical changes in agricultural land management in the Nant Pen-y-cwm and Nant Melin-y-grug
subcatchments

Pearson correlation coefficients between selected 
hydrometeorological indices and temporal variation in 
bank erosion in the Nant Pen-y-cwm subcatchment

• Mean annual bedload yield 12x greater in the Nant Pen-y-cwm
• Mean annual suspended sediment yield 5x greater in the Nant Pen-
y-cwm and comparable with yields reported from similar British 
upland catchments affected by commercial afforestation
• Sediment yields consistently higher in the Nant Pen-y-cwm than the 
Nant Melin-y-grug during flood events of similar magnitudes despite 
similar local bed material and roughness characteristics 
• Disparity caused by higher sediment supply rates in Nant Pen-y-
cwm subcatchment due to a) subsurface field drains and drainage 
ditches acting as both sediment sources and efficient sediment 
delivery pathways; and b) extensive bank erosion (> 19 t yr-1 material 
supplied to Nant Pen-y-cwm)
• Widespread destabilisation of the Nant Pen-y-cwm may have been 
indirectly influenced by agricultural intensification: flood events in 
the Nant Pen-y-cwm were characterised by flashier hydrographs and 
higher peak runoff rates than those observed simultaneously in Nant 
Melin-y-grug, and residence times decreased with area of 
agriculturally-improved grassland (McIntyre and Marshall, 2010)

• Hydrological and sediment yield outputs from paired subcatchments of contrasting land management histories quantified 
through combination of continuous discharge and turbidity measurement and time-integrated bedload and suspended sediment 
sampling
• Comparisons informed by field- and model-based experiments designed to quantify hydrological responses under different land 
management treatments and sediment supply from grazed, agriculturally-improved pastures, field drains, drainage ditches and 
eroding channel banks

Contrasting levels of morphological activity in Nant Pen-y-cwm and Nant Melin-y-grug

Simulated flow in the Nant Pen-y-cwm for selected land management scenarios

Wheater et al. (2008)

• Hydraulic condition of soils improved dramatically where trees 
were planted within intensively grazed pastures
• Hydrological effects predicted to extend to small catchment 
scale (10-15 km2) in form of flood peak reductions
• Scenario-modelling using the CAESAR landscape evolution 
model (www.coulthard.org.uk/CAESAR.html) indicates that 
changes in peak flows resulting from woodland planting could 
have significant impact on sediment yields and morphological 
change in Nant Pen-y-cwm subcatchment
• Forecasting using UKCP09 Weather Generator software 
demonstrates predictions of future sediment yields highly 
uncertain but that agricultural land management may help 
increase resilience of small upland catchments to projected 
increases in rainfall volume and intensity

Variability in predicted sediment yield of Nant Pen-y-cwm in response to different 30-year hourly rainfall 
sequences under “Medium emissions/tree strips” scenario 

Predicted change in sediment yield of Nant Pen-y-cwm from baseline climate/present-day 
land use scenario (percentages respresent difference in median sediment yield calculated 
on basis of 50 30-year hourly rainfall sequences)


