
The use of sediment tracing and source fingerprinting techniques 
has formed part of my research since 2008. Sediment tracers such 
as fallout radionuclides may be used to quantify contributions 
from catchment sediment sources and estimate sediment 
residence times in conjunction with catchment sediment flux data 
(Fig. 2, 3, 4). 

My tracing research includes work on hillslope sediment 
connectivity in wildfire-affected landscapes. This involved 
quantifying changes in sediment source contributions (hillslope vs. 
channel) over a 3.5 year period after fire in SE Australia (Fig. 5) . 

 
 

 

 

 

 

 

Other work measured the contribution of fine sediment from 
hillslope surface soil to deposits formed during post-fire debris 
flow events (Fig. 6, 7). Hillslope fine sediment inputs were highest 
during peak flow, which indicated that hillslope-derived fines were 
important for debris flow initiation. 

Current research is supported by a recently awarded 
Leverhulme Trust grant (PI; 2014-16) and the 
appointment of two new PhD students (from 1 
October). The Leverhulme grant will examine impacts 
from recent past changes in agricultural land practices 
on soil erosion and lake sedimentation at six locations 
across Britain (Fig. 1). By modelling the effects of past 
changes, we seek to project impacts under future 
agricultural and climate scenarios.  
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2. Developing fine sediment tracing and source 
fingerprinting techniques  

4. Fire effects on hydrological processes, 
sediment transfer and water quality 

3. Investigating the radioactive legacy of Fukushima  

1. Quantifying past and future catchment 
responses to agricultural and climate change 

A comprehensive research programme was initiated following 
the Fukushima nuclear accident that followed the earthquake 
and tsunami in March 2011. This included establishing a large 
network of river monitoring sites (n = 30) across the fallout 
region (Fig. 8, 9). 

Fluxes of water, suspended sediment and particle-associated 
Cs-134 and Cs-137 have been measured since June 2011. The 
flux datasets combined with other data sources provide: 

1. Time-varying particulate Cs flux to the coast 

2. Longitudinal connectivity between headwaters and lowlands 

3. Understanding of hydro-climatic, basin and river network 
controls on the magnitude and variability of Cs fluxes 

 
 

My research focuses on river catchment processes and sediment dynamics. I use 
measurement and modelling based approaches to investigate runoff generation, 
streamflow, soil erosion, sediment storage and transfer spanning a range of spatial   

 
scales from hillslopes to large catchments under contemporary environmental 
conditions. I am also interested in the redistribution of sediment-associated 
contaminants in river catchments as well as the impact of recent past and future 
changes in land use and climate on soil erosion and fine sediment transport. 

This research examines the impacts of changes in land use and land management in combination with a 
changing climate on the movement of water, sediment and sediment-associated contaminants in river 
catchments. We employ a combination of grid-based erosion and hydrological models, field 
measurements and historic long series datasets (rainfall, flow). 
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Fig 1. Brotherswater 
study site in NW 
England, used for 
catchment modelling 
and lake sedimentation 
measurements  

Fig 2. Modelled suspended sediment yields for three satellite-based land cover surveys (1990, 
2000 & 2007) in the River Tamar, SW England  (Smith et al, 2014a) 

Fig 3. River Tamar catchment, SW England, location of 
the sediment residence time study  (Smith et al, 2014b) 

Fig 4. Estimates of upper soil residence times for sub-
catchments within the River Tamar correlated with an 
index of sediment transport capacity (MAD.RR = mean 
annual discharge x relief ratio) (Smith et al, 2014a) 

Fig 5. Sediment source data were 
combined with measurements of 
catchment sediment exports to show 
the change in mass contributions from 
hillslope and channel sources after 
wildfire  in Victoria, SE Australia 
(Smith et al, 2011a) 

Fig 6. Sediment tracing in post-fire debris flow 
affected study catchments, Victoria, SE Australia 
(Smith et al, 2012) 

Fig 7. Post-fire 
debris flow levee 
(a) and terminal 
fan (b) deposits 

Fig 8. Radiocesium inventory and the location of river 
monitoring sites across Fukushima, Japan 

Fig 9. Spatially-averaged radiocesium inventories for all 
monitored catchments across Fukushima, Japan 

Research to date has shown that rivers are an important and 
continuing source of radiocesium input to the coastal 
environment and the Pacific Ocean, in addition to direct 
leakage from the nuclear power plant (Yamashiki et al, 2014). 

 
Despite a large decline 
in measured Cs activity 
concentrations on 
suspended sediment, a 
decline in river flux is 
not yet clear due to 
variability related to 
the timing of flow 
events. High magnitude 
flows in response to 
typhoons exported the 
largest amounts of 
radiocesium (Fig. 10). Fig 10. Time-series of monthly radiocesium flux for 6 

river monitoring sites in the Abukuma River basin 

Wildfire in forest environments can increase overland flow, erosion and fine 
sediment transfer, with potential impacts on water quality in streams and 
reservoirs  (Smith et al, 2011c). 

Post-fire management activities such as salvage logging can severely impact 
on erosion and sediment exports. Research in SE Australia (Fig. 11) showed 
that enhanced hydrological connectivity in a salvage logged catchment 
contributed to increased overland flow velocities and peak discharge causing 
severe gully erosion (Fig. 12, 13; Smith et al., 2011b; 2012). 

The change in connectivity resulted from logging practices that removed cut 
logs by dragging them downslope. This formed drag-lines (small rill features) 
in radial patterns that acted as an extension to the channel network and 
increased flow routing. 

Post-fire connectivity is also important for mitigating impacts from 
prescribed burns used to reduce forest fuel loads. The downslope sequence 
and width of unburnt patches can cause large reductions in runoff and 
sediment exported from hillslopes (Cawson et al, 2013). 
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Fig 13. Post-fire salvage logging (a) and 
subsequent gully erosion (b), SE Australia 

Fig 12. Overland flow velocities at the time of peak flow for the catchment DEM modelled (using the Thales rainfall-
runoff model) with (a) and without (b) the radial drag-line features formed by post-fire salvage logging in Clem 
catchment, Victoria, Australia (Smith et al, 2011b). 

Fig 11. Post-fire salvage logging study 
catchments in Victoria, Australia 
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