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The problem
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Overall framework
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A small step backwards ...

• Why model? Epstein’s Sixteen Reasons Other Than Prediction to Build 
Models (JASSS vol. 11, no. 4 12):

1. Explain (very distinct from 
predict)

10. Demonstrate tradeoffs / 
suggest efficiencies
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predict)

2. Guide data collection

3. Illuminate core dynamics

4. Suggest dynamical analogies

5. Discover new questions

6. Promote a scientific habit of 
mind

7. Bound (bracket) outcomes to 
plausible ranges

8. Illuminate core uncertainties.

9. Offer crisis options in near-
real time

suggest efficiencies

11. Challenge the robustness of 
prevailing theory through 
perturbations

12. Expose prevailing wisdom as 
incompatible with available 
data

13. Train practitioners

14. Discipline the policy dialogue

15. Educate the general public

16. Reveal the apparently simple 
(complex) to be complex 
(simple)



A simple exercise in 
data collection? 
(A historical step backwards)

A journey of 
a thousand 
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A

B

C

a thousand 
miles begins 
with a 
single step

Lao-Tzu



upslope

downslope
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Parsons et al. (1993)



What do we measure when we 
measure “erosion”?
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Conventional (implicit) 
assumption

Assuming limited transport 
distances

fluxyield



Assuming exponential transport distances
(and uniform slope conditions)
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Instrument 
housing
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Rain 
gauge

2 m2 plot 
reservoir

21 m2 plot 
reservoirs

housing

Flume



21 m2 & 2 m2

116 m2 & 2 m2© John Wainwright: john.wainwright@durham.ac.uk

302 m2 &
2 m2

57 m2 & 
2 m2
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time silt & clay sand 

min Measured Modelled Measured Modelled 

0 - 4 32 % 28 % 68 % 72 % 

5 - 9 53 % 26 % 47 % 74 % 

10 - 20 27 % 28 % 73 % 72 % 
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Wainwright et al. (2008b) ESPL
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57 m2
116 m2
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21 m2
302 m2

Wainwright et al. 
(2008c) ESPL
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Back to the data ...
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MAHLERAN - Marker in Cell
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flow depth marker particles
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Magnetite study 16 years later...

total erosion 0·697 kg m−1

depth of soil loss 0·033 mm a−1
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Parsons et al. (2010)

background



Simulation of 
markers moving 

away from 

seedline

MAHLERAN - Marker in Cell
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seedline

Cooper et al. (forthcoming)



New techniques

Dynamics of Runoff And 
Erosion Modelling (DRÆM)
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www.shef.ac.uk/draem



200 – 212 μm dry sand 

2.5 mm droplet impacting at 5.94 m s-1

Dynamics of Runoff And 
Erosion Modelling (DRÆM)
ti

m
e
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3.5 mm droplet impacting at 6.13 m s-1

200 – 212 μm dry sand 

Image sequence at 3000 fps
Sequence duration 0.11 s

Trajectories of splashed particlesti
m

e
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Dynamics of Runoff And 
Erosion Modelling (DRÆM)
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Long et al. (forthcoming)
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Dynamics of Runoff And 
Erosion Modelling (DRÆM)
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Surface-profile measurement taken using 

calibrated images of the sand surface 
Long et al. (forthcoming)



Red

Dynamics of Runoff And 
Erosion Modelling (DRÆM)

Further developments: 

tracking of multiple particle 

sizes simultaneously in 3D
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Green

BlueColoured particles 
0.2 – 0.6 mm

...with neutral buoyancy 

particles to track flow fields



RFID tagging of particles
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Moving up in Scale
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Wainwright (2010)



Changes in 
measured 
water and 
sediment 
flux as 
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flux as 
vegetation 
structure 
changes 
from grass 
to shrub
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The importance of place

© John Wainwright: john.wainwright@durham.ac.uk

Grass

300 m 140 m upslope 140 m downslope

0%

200%

400%

600%

800%

-140 -90 -40 10 60 110

distance from ecotone  m

c
h
a
n
g
e
 i
n
 f
lu

x

Water

Sediment

Ammonium

0%

200%

400%

600%

800%

-140 -90 -40 10 60 110

c
h
a
n
g
e
 in

 f
lu

x

distance from ecotone  m

Water Water

Sediment Sediment

Ammonium Ammonium

Müller et  al. (2008) 
Ecological Modelling



Complexity and evolution

Chaos is merely order 
waiting to be deciphered

José Saramago

Top-down (Newtonian*)
• Grid- or element-based (usually fixed)
• Imposed model structure across entire 
domain
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domain
• Assumes system “knows” about all other 
parts
• Represents dynamics but in a static way

Bottom-up (Darwinian*)
• Cell-, particle- or individual-based (and 
may change through time)
• Model based on local interactions or rules
• Only interacting elements “know” about 
each other
• Can represent evolutionary dynamics
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Longer time scales
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Relative temperature 
change over 742 ka based on EPICA DOME C core of Augustin et al. (2004)
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Small changes in catchment 
structure

Produce complex patterns in 
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0

1

2

Wainwright (2006) Catena

Produce complex patterns in 
catchment runoff and 

sediment flux as a result of 
changing climate

... which are even more complex 
when rainfall and temperature 

change are asynchronous



Comparison against sedimentary data

© John Wainwright: john.wainwright@durham.ac.uk

Briant et al. (forthcoming)



CybErosion
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• Incorporates dynamic behaviour of animals and 

vegetation and effects of human decision-making
Wainwright (2008); Wainwright and Millington (2010)



Closing Thoughts

• Models have various uses, so too must data

• What are the inbuilt assumptions of existing models (and 
thus data)?
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thus data)?

• Parameterization based on physical principles rather 
than empirical convenience ...



An example of limited parameterization 
data

• The threshold for flow 
detachment for mixtures of 
particle sizes can be γ

θ

β

β1 β2

A

© John Wainwright: john.wainwright@durham.ac.uk

particle sizes can be 
demonstrated to vary 
significantly about the 
threshold for a uniform 
particle size ...

• ... so threshold parameters 
cannot be independent of 
each other (and must 
change dynamically)
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Closing Thoughts
• Models have various uses, so too must data

• What are the inbuilt assumptions of existing models (and 
thus data)?

© John Wainwright: john.wainwright@durham.ac.uk

• ... and thus also be dynamic

• ... and reflect uniqueness of place

• What do models produce?   And is it the same with data?

• So what are we actually doing when we compare models 
with data?

• Parameterization based on physical principles rather 
than empirical convenience ...



Closing Thoughts

• How “valid” are “validation” data?

• Most data have implicit scales which need to be 
recognized when parameterizing models
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recognized when parameterizing models

• Calibration is NEVER the last step of a study (nor is 
application of a calibrated model)

• Connectivity means seeing the environment as a whole 

• ... which means also speaking to other environmental 
(including social) scientists (disciplinary connectivity)

• Complex response means we need to test the limits of 
existing reductionist approaches



Thank you for listening!
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Questions?
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