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The use of fallout radionuclides In soil erosion investigations
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The Field-scale approach
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RATES OF SOIL REDISTRIBUTION WITHIN
THE STUDY FIELD ESTIMATED FROM
Cs-137 MEASUREMENTS

Measure (kg m2year)
Range of redistribution rates -4.51t0 +2.0
Mean erosion rate for eroding areas -1.1
Mean deposition rate for depositional areas 0.69

Net soil loss -0.48

Sediment delivery ratio 0.83




The catchment-scale perspective
(Sediment problems and sediment management)
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The Catchment
Sediment Budget

SEDIMENT SOURCES SEDIMENT SINKS
Gross surface erosion

 In-field

Eroding channel banks

Field - channel

In-channel

Floodplain

Suspended sediment yield



Upscaling the application of fallout radionuclides
to support catchment sediment management
programmes

« Extrapolating field-scale estimates of soil erosion
rates

 Broad scale or low density sampling to establish
catchment sediment budgets

* Quantifying the importance of river floodplains as
sediment sinks

IAEA CRP D1.20.11



Extrapolating field-scale estimates of
soll erosion rates

* Refined sampling protocols - To obtain reliable and
meaningful estimates of the soil erosion rates within a
particular field based on a small number of cores

« Sampling a range of fields - To obtain
Information on the range of soil erosion rates and the
Influence of key controls

« Extrapolation of the results

Walling, D.E. and Zhang, Y. (2010) A
national assessment of soil erosion based
on caesium-137 measurements. Advances
in Geoecology 41, 89-97.



A National Scale Soil Erosion Inventory

The Study Area

Excludes forest areas, urban areas, areas of _ _
open water, flat areas (< 1 degree slope), The Sampling Locations

upland areas (>300 m) and National Parks Includes 248 fields
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Documented
Erosion Rates

248 fields

A) Arable fields

357 I Gross
30 I Net
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B) Pasture fields
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National DEM at 50m |
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NATIONAL SCALE
EXTRAPOLATION
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The typology used for
extrapolating the field scale
erosion rate data to the

national scale
(Boxes with bold text
Indicate existing datasets)

National land use data at Other
1km x 1km (400 sub-grid cells) - land use
in 25 categories (%)
Y |
Slope gradient at 50m |
/ 4 Y \
. With near Uncertain of
T'”e(od/ I)and Pa(ﬁ/tl;re flat surface surface slope
0 ° (%) (%)
\
Reclassify slope
gradients into:
<3, 3-7, 7-11, =11
Y Y Y Y
Number of Number of Number of Number of
sub-grid cells sub-grid cells sub-grid cells sub-grid cells in
in tilled land in grass land with flat surface other land use

Y

Number of sub-grid
cells that have slopes at

/

<3, 3-7, 7-11 and >11
within a 1km x 1km grid

Soil texture data
(sand/silt/clay in %)
at 1km x 1km

Estimated land use
specific (grass/cultivated)
median gross erosion rate

for specified range of
slopes from
field-based data:
<3, 3-7, 7-11 and > 11

Generation of grid (1km x 1km)
specific slope, soil texture and
land use combinations

A

\d

Calculate

gross erosion rate
grid

A

Estimated land use
specific (grass/cultivated)
median gross erosion rate
for different texture groups

from field-based data

Y

Assign cells to texture groups
based on soil taxonomy:
clay loam, sandy loam, etc.
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Using Low Density Sampling to Establish
Catchment Sediment Budgets
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Porto, P., Walling, D.E. and Callegari, G. (2011) Using 3’Cs
measurements to establish catchment sediment budgets and
explore scale effects. Hydrological Processes 25, 886-900.
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W1 Bonis catchment

Gross erosion
3.54tha'yr

Gross erosion
8.84tha"'yr-

Onslope
deposition
0.19 t ha' yr-1
(2%)

Sediment output
8.65t ha' yr-
(98%)

v
Sediment output
0.25t ha' yr-
(7%)

(25%)

Trionto

Gross erosion
10.18 t ha™' yr-*

Onslqpe Onslope
deposition deposition
0.88 t ha-1 yr -1 6.64 t ha-1 yr -1

(65%)

Conveyance
system
deposition
2.41 tha-1 yr 1
(68%)

Conveyance
system
deposition
3.33tha-1 yr -1

. (33%)
Sediment output

0.213 t ha' yr
(2%)



'Cs Activity (mBq g")
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Du, P. and Wallling, D.E. (2012) Using 21°Pb measurements
to estimate sedimentation rates on river floodplains. J.
Environmental Radioactivity 103, 59-75.
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CONCLUSIONS

New questions, new approaches
Sediment budgets

Upscaling

Some examples

Considerable scope for further development
and coupling with other technigues e.g.
sediment source tracing
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