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Post-WWII agricultural intensification 
in British uplands 

Henshaw et al. (in prep.)

Temporal changes in sheep population of English and Welsh uplands

Welsh Hill sheep at Gelli Farm, Pontbren

Unimproved (top) and improved 
(bottom) upland grassland, Pontbren

UK and European government policy encouraged 
intensive livestock production - UK sheep population 
increased from 16.7m in 1947 to 44.7m in 1999

Facilitated in uplands through widespread grassland 
improvement - 26% of upland Wales, 14% of upland 
England, and 6% of upland Scotland



Hydrological and geomorphological impacts of post-WWII 
agricultural intensification in British uplands 

Local-scale: increased grazing pressure and 
changes in vegetation have altered soil 
physical properties and led to increased 
surface runoff and soil erosion

Catchment-scale: historical flow data and 
sediment cores from upland rivers and lakes 
indicate increased flood magnitudes and 
sediment yields in affected catchments but 
difficult to isolate land use change 
signatures from natural climate variability...

Surface runoff and soil erosion in grazed upland pastures, Pontbren



PONTBREN Welshpool
(Y Trallwng)

Bangor

Aberystwyth

Cardiff
(Caerdydd) Bristol

Liverpool

Swansea
(Abertawe)

Pontbren 

17 km2 catchment in headwaters of 
River Severn in mid-Wales

Elevation: 150-450 m

Rainfall: 1500 mm yr-1

History of land drainage and grassland 
improvement to support livestock 
grazing (predominantly sheep)

Tyn-y-bryn
Farm

Early 
1970s

Mid-late
1990s

2002

Ewes 147 950 650

Ewes ha-1 0.61 2.79 1.91

Weight 35 kg 65 kg 65-70 kg

Historical changes in numbers and size of sheep 
at Tyn-y-bryn Farm in Pontbren catchment

Location of Pontbren catchment





Control 1930s 1980s

Moorland 81.7% 81.9%

Improved 
grassland

12.6% 13.0%

Modified 1930s 1980s

Moorland 58.2% 12.3%

Improved 
grassland

23.8% 79.6%

Data: Land Utilisation 
Survey of Great 
Britain (1931-35) and 
CCW Phase 1 Habitat 
Survey of Wales 
(1979-1990)





Modified

Control

Coarse sediment transport

Annual bedload yield: 0.36 t km-2 yr-1

Annual bedload yield: 0.03 t km-2 yr-1

Henshaw (2009) Unpublished PhD thesis. Available at etheses.nottingham.ac.uk/889



Modified

Control

Fine sediment transport

Annual suspended sediment yield: 17.31 t km-2 yr-1

Annual suspended sediment yield: 3.21 t km-2 yr-1

Henshaw (2009) Unpublished PhD thesis. Available at etheses.nottingham.ac.uk/889



Differences in sediment yields cannot be attributed to differences in site characteristics...

Nant Pen-y-cwm (modified)
Nant Melin-y-grug (control)

Nant Pen-y-cwm (modified)
Nant Melin-y-grug (control)



Direct impacts of upland agricultural land 
management on sediment supply 





Limited fine sediment supply from surface of Bowl via
overland flow (47.7 kg ha-1 yr-1)

Soil erosion rates at Pontbren generally low due to 
management but can be locally high!

Direct impacts of upland agricultural land management on 
sediment supply 

Fine sediment yield from field drain system beneath 
Bowl higher (80.9 kg ha-1 yr-1)

Field drain sediment yields at Bowl comparable with 
those recorded at arable sites in lowland areas

Important WQ implications for upland streams?

Drainage ditches supply large amounts of coarse and fine sediment – ditches incised 
over 1m into underlying glacial till and measured annual yields of material > 4mm 
exceed 50 kg



Nant Melin-y-grug (control)

Indirect impacts of upland agricultural land 
management on sediment supply? 



Nant Pen-y-cwm (modified)





Annual sediment supply to Nant Pen-y-cwm
from eroding bank sources exceeds 19 t!

Hydraulic action dominant erosion mechanism 
rather than livestock trampling

Destabilisation may reflect change in catchment 
hydrology caused by agricultural intensification

Indirect impacts of upland agricultural land management on 
sediment supply? 

Runoff peaks significantly higher 
and hydrographs more flashy on 
Nant Pen-y-cwm (modified)

Hydrological response of Nant 
Pen-y-cwm v. similar to Bowl

Henshaw (2009) 

Marshall et al. (2006) Proceedings of BHS 9th

National Hydrology Symposium, Durham, 2006, 
85-90.

Marshall et al. (2006)



Pontbren Rural 
Care Scheme



Hydrological impacts of woodland planting (local-scale) 

Carroll et al. (2004) Soil Use and Management, 20 357-359.
Marshall et al. (2009) Hydrological Processes, 23, 464-475.

Farmers noticed woodland and hedgerows ‘intercepting’ 
overland flow within grazed improved pastures

Significant differences in infiltration rates, hydraulic 
conductivity, soil moisture storage and overland flow between 
planted and adjacent grassland areas

Changes occur within 2-6 years of planting

Carroll et al. (2004) 

Marshall et al. (2009) 



Hydrological impacts of woodland planting (local-scale) 

Jackson et al. (2008) Journal of Flood Risk Management, 1, 71-80.

Hillslope runoff volumes only slightly reduced but peaks significantly attenuated



Wheater et al. (2008) FRMRC Research Report UR16. Available at www.floodrisk.org.uk

Hydrological impacts of woodland planting (catchment-scale) 

‘Normal’ 
events

Extreme 
events



Change in peak flow, median: -29.2% 
Change in sediment yield: -76%

Change in peak flow, median: +12.9%
Change in sediment yield: +66% 

Geomorphological impacts of woodland planting 
(catchment-scale) 

Simulations under different land management scenarios 
using cellular flow and sediment transport model 
(CAESAR) indicate peak flow reductions can have 
significant impact on sediment yields and morphology

Strategic land management may help to reduce impacts of 
agricultural intensification in British upland catchments



Conclusions

Post-WWII agricultural intensification has directly increased sediment supply to 
streams in the Pontbren catchment by creating new sediment sources and increasing 
source-channel connectivity

Associated changes in catchment hydrology may be responsible for observed 
widespread destabilisation of channel network

Strategic woodland planting could help to reduce erosion and sediment transfer by 
reducing peak flows at the small-catchment scale



Questions?


