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Predicting ET & soil moisture is important, but
we’'re not always great at it.
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Earth system processes (e.g. carbon cycle)

Mismatched scales of  {50: km
cause and effect
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* Plant water uptake
is faster than
soil water flow.

* SO:
* Soil dries locally around absorbing
roots.
 Soil dries fastest at depths where
plants are taking up
— vertical heterogeneity & compensating flow

* Hydraulic conductivity drops
nonlinearly in drying soil

— horizontal heterogeneity & plants cut off



Vertical heterogeneity:
Upscaling root-soil hydrodynamics

Full 3D solution Arbitrary soil blocks Layers for Earth System Model 35

Discretised upscaling

Continuous () upscaling
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Code for general algorithm available at https://github.com/mbouda/genUpscAlg

Given analytical solutions
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Linear system representing network can

be simplified to solve exactly . YUK.Ly
for means in soil regions: Yy = = at a ny Sca Ie
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to flow equation: azl,bx
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https://github.com/mbouda/genUpscAlg
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Proof of concept at site scale (Wind River Crane)

Discretised parallel

Upscaling Model
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Horizontal heterogeneity: requires integration
with soil description




Considering soil blocks with non-uniform ;...
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layer.

Could use 2-root (dry & wet) model?



Non-unitorm ¢ and non-trivial root system

Using Pisum sativum
plant, assigning
random ) to each
root segment.
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Using Y5 and 1, solutions to fit upscaled parameters by o -
inversion, prediction error remains ~ kPa when variance of 1 0 0.5 1
is ~ MPa. Variance of o within soil bloc (MPa)

Investigate relation ¥ = f(Ys(x,y,2)) as soil dries...



Promise of upscaling approach

e Lowest computational cost (one matrix multiplication per time-step)

* Eliminates known sources of error (structural, discretisation...)
* Good ‘target’ for coupling to soil-side formulations.

* Robust predictions under no-analogue scenarios require
process-based formulation, not heuristic or approximation

* We need models adequate to the questlons we re asklng

e e.g., effect of root plasticity
on water & carbon cycles:
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Thank you!
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