Modelling
Equilibrium Soil
Carbon using JULES

Matthew Wiggins, Eleanor Blyth,
Emma Robinson, Michael Tso

September 2021

UK Centre for
Ecology & Hydrology




SC Equilibrium

Why:

* Reduce/Eliminate model Spin-up
* Quick comparisons
* Operational info and forecasting

How:

 Use JULES as a base (Clark etal 2011)
* Equating Carbon input to Respiration
* Substitute in per Carbon Pool

* (Gather relevant inputs for:

Litter fall (Based on leaf phenology)
* LAI, VegCarbon, NPP

Soil Temperature Function

Soil Moisture Function

Vegetation coverage fraction
Constants

* PFT parms

* Respiration rates

* Conversions
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SC Pool Estimation
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Model flow

Litter fall Calculations (monthly per PFT) Carbon Pool Store Estimates

Ancillary Inputs: Leaf mortality
LAI Litter fall
A
) PFT SpelelC ( C) Year 2016 UPDATEDEXMPL SL1 U
e Soil Parameters Effective Leaf Turnover Soil Carbon Equilibrium

e Saturation

* Wilting point

» Soil Layers
 Landcover

* PFT Specific
* Soil Textures

* C(lay content

* Bulk Densities

Fraction of
decomposable
Litter

PRE-PROCESSING
POST-PROCESSING

Soil Temp (FS (Tsoil))

T 11 ts:
emporal Inputs Respiration

Soil Moisture (F,(SM)) Function

e Soil Moisture
(F(Tsoil' SM: [% ))

* Soil Temperature
* Air temperature

Vegetation Cover (F,(v))
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SM Function Examples

0.5(1+s Sw
S, = ( w) min — 0 Smax = 0.904;
Hsat sat
| Moisture Respiration Response (2016 RESPFUNKEXMPL_SL1_J_F Moisture Respiration Response (2016 RESPFUNKEXMPL_SL1_U_F
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JULES and UPDATE

Year 2016 JULESEXMPL_SL1 _g) . Year 2016 UPDATEDEXMPL SL1 U
Soil Carbon Equilibrium Soil Carbon Equilibrium

300 300

250 250
- 200 - 200
SMFunc: JULES Current SMFunc: UPDATED
Soil Params: CHESS Soil Params: CHESS
m Smin = gl'ld O\ Smin = gl‘ld
- 150 X s, = grid - 150 X s, = grid
= Simax = N/A S Simax = grid(0.96/6 ;)
Rthresh = N/A Rthresh = 015
100 100
50 50
0 0
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SM Function Tuning

Year 2016 UPDATEDEXMPL SL1_U Fixed
Soil Carbon Equilibrium

1200
1000

- 800

SMFunc: UPDATED(Fixed)
Soil Params: CHESS
Smin = O'z(e/esat)
600 So = 0.4(0/654:)
Smax = O'g(e/esat)

Rthresh = 0.15

- 400

200
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- 800
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Year 2016 UPDATEDEXMPL_SL1_U_FixedMean
Soil Carbon Equilibrium

1200

1000

SMFunc: UPDATED(Means)
Soil Params: CHESS
Smin = 058(M) (e/esat)

- 600 So = 0.67(M)(6/64:)
Smax = Msat/sat(e/esat)

Rthresh = 0.15

200



Independent of Saturation

Year 2016 TEST SL1_U_WBV_FixedVol File CSGB-MLRF.tif
Soil Carbon Equilibrium Soil Carbon
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SMFunc: UPDATED(Volume)
Soil Params: CHESS
Smin = 0.10(8,01) e
- 600 So = 0.13(0,01)
Smax = 0'15(01701)

Rthresh = 0.10
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Closing

Further work:
* Help needed to better constrain the SM Function(?)
* Other Parameters/Processes that need to be taken into account.

* Dependence on sat or volume, is s_ . necessarily 17

opt
* Alterations needed to the function shape (Normal distributions perhaps).
* Validation and further testing
* Known SC maps
 Spun up JULES runs

 Comparisons between other SM products
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Thank you

Any questions?
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