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A reviewers comment

‘…horribly empirical…’



Motivation

 Estimating transfer 

over large areas

 Spatial soils data 

existed but lacked 

detail

 Devise a model that 

used simple soil 

characteristics to 

estimate uptake to 

crops?

 Link to production, 

estimate ‘flux’
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Central Idea…

 Could partition Cs 

distribution between 

solid and liquid

 But, mechanistically Cs 

uptake related to 

potassium

 So, more realistic to 

allow for potassium 

interaction
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Central Idea…

 So include soil water K

 But, mechanistically soil 

water K related to 

exchangeable K

 Interacts with Ca and 

Mg, related to pH

 and so on and so on and 

so on......
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Water K]
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Plant Cs

 CF imagined as plant specific constant (i.e. plant 

concentration related to the plant accessible Cs)

 Cssol – soil solution concentration of Cs 

𝐶𝑠𝑝𝑙𝑎𝑛𝑡= CF × 𝐶𝑠𝑠𝑜𝑙
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Plant Cs

 CF imagined as plant specific constant (i.e. plant 

concentration related to the plant accessible Cs)

 Cssol – soil solution concentration of Cs 

𝐶𝑠𝑝𝑙𝑎𝑛𝑡= CF × 𝐶𝑠𝑠𝑜𝑙

Smolders et al, 1997

log 𝐶𝐹 = 𝑎1 − 𝑎2log 𝑚𝐾

Plant concentration linear with Cssol

CF reduces as mK increases 

(K competes for uptake) 



mK – solution potassium

 Exchangeable K was available spatially

 Exchangeable cations dominated by Ca and Mg

 Distribution of exchangeable K equivalent to 

distribution of Ca+Mg

– subject to relative selectivity (Gapon coefficient, kG)

– Stoichiometry

– Leading to relationships to organic and mineral CEC

 Now we need mCa+Mg

𝑚𝑘 =
𝐾𝑒𝑥 𝑚𝐶𝑎+𝑀𝑔

𝑘𝐺 𝐶𝐸𝐶 − 𝐾𝑒𝑥



mK – solution potassium –mCa+Mg?

Ca increases as pH increases

𝑙𝑜𝑔 𝑚𝐶𝑎+𝑀𝑔 = 𝑎4𝑝𝐻 − 𝑎3

2 8pH

0.001

0.01

mCa+Mg

(moles dm-3)

‘..seems about right..’



mK – solution potassium –CEC?

= 𝐶𝐸𝐶𝑐𝑙𝑎𝑦𝜃𝑐𝑙𝑎𝑦 + 𝑎5 + 𝑎6𝑝𝐻 𝜃𝑜𝑟𝑔

𝐶𝐸𝐶 = 𝐶𝐸𝐶𝑐𝑙𝑎𝑦𝜃𝑐𝑙𝑎𝑦 + 𝐶𝐸𝐶
𝑜𝑟𝑔

𝜃𝑜𝑟𝑔

Helling, C. S., Chesters, G., & Corey, R. B. (1964). 

Contribution of organic matter and clay to soil cation-exchange 

capacity as affected by the pH of the saturating solution 1. 

Soil Science Society of America Journal, 28(4), 517-520.



mK – solution potassium

 Some mechanistic thinking

 Mixture of unknown and previously estimated 

model parameters

𝑚𝑘 = 𝑓 𝐾𝑒𝑥, 𝑝𝐻, 𝜃𝑜𝑟𝑔, 𝜃𝑐𝑙𝑎𝑦
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NH4 only considered due

to account for experimental

set up. 



Data Sets…

 Smolders et al 1997

– Mineral soils, spiked with Cs, measurements of mk, kd, 

TF.

 Sanchez et al 2000

– Organic soils

– Same measurements as Smolders et al

 Short time scales (<100d)

 53 soils considered (Belgium, England)



Fitted empirically – 3 key components



Independent Data

Nisbet et al, 1999



Food-chain comparisons
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Absalom or SAVE model
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Revised Model…



Additional Data Sets…

Source N Crop pH (median; range) OM (% median; 

range)

TF (median; range)

Smolders et 

al, 1997

20 Grass 5.1 (4.6-7.0) 6.1 (3.5-34) 0.061 (0.0022-2.6)

Sanchez et 

al, 1999

33 Grass 2.8 (2.4-6.0) 75 (12.6-96.5) 3.41 (0.060-43.6)

Nisbett et al, 

1999

152 Barley 6.1 (5.0-8.4) 4.2 (1.5-58.5) 0.0083 (0.0014-0.27)

130 Wheat 6.3 (4.2-8.4) 3.9 (0.6-18.4) 0.0075 (0.0002-0.16)

Sanchez et 

al, 2001

57 Grass 6.1 (4.8-7.1) 11 (4.3-59.0) 0.073 (0.016-4.8)

• Used these data to re-parameterise Absalom 2001 (AbsalomX)

• Reduce the model i.e. ‘falsify the model structure’



Model performance
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Full Model (as published 2001)
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This works ‘better’
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And so does this…
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Comparing…
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Model Statistics

Parameterisation Evaluation

RSS AIC ln(IML) Nash MAE PSS Nash MAE

Overall Grass Barley Wheat

Absalom2001 n/a n/a n/a n/a n/a 183.4 -3.76 1.26 n/a n/a n/a

AbsalomX 91.46 569.1 -324.3 0.747 0.379 14.14 0.689 0.34 0.37 0.26 0.35

Reduced 85.04 541.1 -314.7 0.765 0.362 14.14 0.688 0.32 0.35 0.26 0.37

• Reduced model fits marginally better

• and has 1 fewer input required (pH)

• Evaluation outcomes are very similar

• Model behaviour is different

• Time dependency is quite different



Comparisions
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Final Thoughts – ‘TREE’ Project

 ‘Modern’ system

 Diverse group of 

soils (UK/Ukrainian)

 Spiked with stable 

isotope (Se, TC, I, 

U)

 Incubated (30 

months)

 Contaminated soil 

used for plant 

uptake studies

 Lots of models….Agrostis Capillaris Lolium Perenne



Plants explore soil by volume not mass…

 c. 30% variation attributable to mass<>volume

 in the Cs work mass was used

– would be interesting to re-parameterise using volume?

Se TFavailable calculated as 

𝑇𝐹𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 =
𝑃𝑙𝑎𝑛𝑡 𝜇𝑔 𝑘𝑔−1

𝑆𝑜𝑖𝑙𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝜇𝑔 𝐿−1



Plants explore soil by volume not mass…

 c. 30% variation attributable to mass<>volume

 in the Cs work mass was used

– would be interesting to re-parameterise using volume?

ug/L ug/kg

Se TFavailable calculated as 

𝑇𝐹𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 =
𝑃𝑙𝑎𝑛𝑡 𝜇𝑔 𝑘𝑔−1

𝑆𝑜𝑖𝑙𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝜇𝑔 𝐿−1



Final Thoughts…



Agricultural Practice Data?
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• Ground cover – canopy size

• Crop Spotting

• Optical and radar

• Data assimilation…



Do Process-Based Models have a role…?

 ‘Horribly empirical’?

– Maybe…

 Empirical equations with a mechanistic structure

– Some of the ‘mechanistic thinking’ not supported by 

more modern analysis

 Geographical basis of soils data is limited 

– dominated by northern (and central Europe, Tarsitano 2011)

 In 2019 we would have a different

– Data starting point

– Basis of TF calculation

– Experimental system


