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Program module — External input
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CABLE Biophysics

State Variables: Soil moisture and temperature in
6 vertical layers; snow water equivalent (up to 3
layers); canopy interception store.

Initialise parameter and state variables.
r Main time step loop (sub-diurnal)
Read subdiurnal <
Compute surface roughness characteristics
Compute albedo of canopy and back-ground
Canopy radiation transfer: Compute canopy extinction coefficients for beam and diffuse radiation; canopy
reflectances; fractions beam and diffuse incoming radiation; short-wave radiation absorption by shaded and
sunlit leaves and background (soil or snow); iso-thermal longwave radiation absorption by background and
vegetation
Update canopy water storage and fraction wet canopy and compute throughfall

data

 Loop over Monin-Obukov atmospheric stability parameter

Compute aerodynamic properties: friction velocity and turbulent resistances required to compute the
dispersion matrix (Localised Near Field Theory)

Compute forced convection boundary layer conductance at leaf surface

Loop over (dry) leaf temperature (solves coupled leaf energy balance, stomatal conductance, net
photosynthesis)
Compute free convection boundary layer conductance at leaf surface
+ Compute T-dependent V,,,, and J,,, for shaded and sunlit leaves, accounting for extinction through
canopy (leaf-to-canopy scaling).
Compute T-dependent Michaelis Menten constants for Rubisco
Compute leaf respiration
+ Fixed fraction of V,,,, (default)
Alternative: temperature acclimation function multiplied by instantaneous T-response
« Option: modify for photo-inhibition
+ Solve coupled equations for net photosynthesis and stomatal conductance
+ Compute root-water extraction and update modifier 1
Check for convergence

Update dry leaf surface energy balance

Compute leaf wet leaf energy balance, including wet leaf temperature

Update canopy energy balance

Compute soil surface energy balance (long-wave component depends on canopy energy balance above)
Compute dispersion matrix, and update in-canopy temperature and humidity

Recompute Monin-Obukhov stability parameter

L Next stability iteration

« Soil physics: update vertical distribution of heat and water content in soil and snow and compute surface runoff
and deep soil drainage
Update climate history variables as required for phenology, acclimation of respiration, optimization of /N,
Update daily aggregates of GPP, soil temperature and moisture for use in biogeochemistry
I end of day: Call driver for CASA-CNP Biochemistry
If end of year: Call drivers for POPLUC (land-use change) and POP (woody demography)

lext sub-diurnal time step

| t t t

Daily aggregates of GPP, soil
temperature, soil moisture Updated LA, Woody Updated
Vemax,0 and Jmax,0 vegetation height tile areas
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CASA-CNP Biochemistry

compartments (leaves, fine roots, wood); 3 litter
compartments (metabolic litter, fine structural
litter, coarse woody debris); 3 soil compartments
el differing by turnover time (fast, slow, passive); soil
+ e mineral N and P pools; soil occluded P pool; labile

CABLE Biophysics State variables: C, N, P pools in each of 3 plant
I

Daily aggregates of GPP, soil
temperature, soil moisture Updated LA, V.0

® Main time step loop (daily)

Get leaf phenology phase for deciduous pfts based on remote-sensing climatology or climate history

Construct root-weighted soil temperature and moisture variables from vertical profiles.

Evaluate ic growth and mai iration fluxes for leaves, stems (sapwood only) and fine-roots
based on tissue nitrogen content. Assumed Lloyd and Taylor (1994) T-dependence. Option for acclimation based
on temperature of warmest quarter, similar to acclimation of leaf respiration.

Compute modifier to leaf base turnover rate based on cold and/or drought stress. For deciduous pfts, reduce or
accelerate leaf turnover based on phenological phase.

Calculate turnover rates of plant pools and fraction of plant turnover entering litter pool. For woody pfts, wood
turnover rate is inherited from POP demography module.

Check if soil nutrient supply can meet the plant uptake demand: otherwise reduce NPP

Set allocation coefficients to partition NPP between leaves fine roots and wood. For woody pfts, relative leaf and
woody allocation coefficients are based on leaf-area to sapwood-area ratio, with sapwood area inherited from
POP demography module.

Compute temperature- and moisture-modifiers to base turnover rates of soil and litter carbon. New options to
use Trudinger et al. (2016) moisture response and Lloyd and Taylor (1994) temperature response.

Calculate turnover rates of plant, soil and litter carbon pools and the transfer coefficients between different pools
Computing the reduction in litter and SOM decomposition when decomposition rate is N-limiting

Compute N and P uptake by plants and allocation of each to plant compartments

Update C, N and P stores according to turnover rates, NPP, allocation coefficients and transfer coefficients
computed above.

Augment annual aggregates of carbon allocated to stems; maximum LAI, mean fine-root and leaf carbon pools
for use in POP.

Compute LAI (from leaf carbon store) and Vcmax,0 from leaf N and P stores. Option to use global synthesis
(Walker et al. 2014) to relate V,,,,, , to leaf N and P. J,,,,, set to constant (1.7) times V,
AGJUSE PriOr Vypyay0 and 1, o USing OPEIV algorithm

to minimize nitrogen cost of net photosynthesis, based on conditions for the last 5 days.
Return updated LAI, V,,,,, o and J,,,, to CABLE biophysics

Next daily time step

? t

cmax0°

pe—— PG p— OptIV algorithm for Optimizing ratio Vs
vegetation tiles: total woody updated Imaxo
mortality, sapwood peketatoniles] CNP « Define leaf nitrogen available for re-
mass & area SR pools distribution, based on prior estimates of
LA, mean fine-
root & leaf enaco 2 Byy=ly

= Ve
Find the value of b, that minimizes leaf

nitrogen cost per unit net photosynthesis
¢ (aggregated over the last 5 days) for each

carbon pools

of sunlit and shaded leaves.
Return to CABLE biophysics the next day’s
POP POPLUC Va0 and 1, o for sunlit and shaded

leaves, based on updated value of b,

Fig. 3.
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CASA-CNP Biogeochemistry CABLE Biophysics
A A
Annual, for woody
vegetation tiles:
Stem NPP,max LA, Updated
mean fine-root & NP POPLUC
leaf carbon pools p'ws Land-use Change & Land Management
State variables: State variables: tile area
fractions of primary vegetation, secondary woody
G("’“ _';"“'“;e vegetation, open land; Crop- and pasture-
ra ”;‘h““s —— fractions of open land; age distribution of
oo 7 f’"e“ ‘p a1 secondary woody vegetation; wood harvest and
ity fileareas  glearance pools, each with 3 turnover times (1y,
10y, 100y); combined harvest and grazing
Main time step loop (yearly)
+ Update land-use area fractions, subject to land availability.
« I secondary forest tiles, update the areal fraction of each integral age class (0-400 ),
as influenced by secondary forest expansion, harvest, clearing and natural disturbance.
* Redistribute C, N, P associated with land-use transitions and wood harvest.
* Updated tile areas are returned to CABLE biophysics. Updated C,N,P pools returned to
CASA-CNP. Updated secondary forest age distribution returned to POP.
+ Direct C emissions from decay of wood harvest and clearance pools and crop-grazing
pool are deducted from grid-cell Net Biospheric Production.
Next yearly time step
|
Updated
secondary
Total (ErCEECR Woody D h :gpd Het it
ota (et /oody Demography & Landscape Heterogeneity
grid-cell
mortality, State variables: density of tree stems partitioned
sapwood Woody among cohorts of trees and representative
mass/area vegheight  neighbourhoods (patches) of different age-since-
| | last-dis in each woody ion tile.

& Main time step loop (yearly)
« Partition stem growth amongst patches (distinguished by time since last di ) within the

landscape and cohorts within each patch.

Augment biomass, sapwood and heartwood in patches and cohorts by stem growth, accounting for

sapwood-heartwood conversion.

Compute resource-limitation and crowding mortalities and reduce cohort stem densities accordingly.

Remove cohorts in which stem densities are reduced to near-zero.

Recruit new cohorts

Calculate annually-resolved patch age frequency distril fal distribution for

forests), or inherit distribution from LUC code (secondary forests)

Interpolate key patch variables (biomass; growth; sapwood area and volume; crowding and resource-

limitation mortality) to annually-resolved patch age.

*  Integrate these variables, weighted by patch frequency, to obtain grid-cell-average variables.

« Construct grid-cell disturbance mortality as the residual: growth minus crowding mortality minus
resource-limitation mortality minus Abiomass.

Total grid-cell mortality, sapwood mass and sapwood area are returned to CASA-CNP

Woody vegetation height returned to CABLE biophysics.

L Next yearly time step

Fig. 4.
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