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Cable’s main features

Vegetation placed above the ground allowing for full aerodynamic
and radiative interaction

The plant turbulence model model by Raupach et al. [1997]

A coupled model of stomatal conductance, photosynthesis and
partitioning of available energy into latent and sensible heat fluxes

Radiation model calculates the amount of radiation absorbed for
three wavebands.

The model differentiates between sunlit and shaded leaves i.e. two-
big-leaf submodel for calculation of photosynthesis, stomatal
conductance and leaf temperature.

A multilayer soil model solves the Richard’s equation for soil
moisture and heat diffusion for soil temperature.

A three layer snow model used.

A simple carbon pool model allowing for partitioning of the
assimilation product between leaves, roots and wood.



Canopy representation

H = tyHi+ [1-13) Hy




Coupled model of stomatal conductance and
photosynthesis

The two-leaf model ( sunlit & shaded ) of Wang & Leuning [1998] is
used to calculate 6 variables:

Tf - leaf temperature

Ds - vapour pressure deficit

Cs - CO2 concentration at the leaf surface

Ci - intercellular CO2 concentration of the leaf
Gs - stomatal conducatnce

An - net photosynthesis

The set of six equations is used to solve
simultaneously for photosynthesis,
transpiration, leaf temperature and
sensible heat fluxes
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Preliminary JULES’ results using
CABLE’s submodels:

- snow ( with JULES’ grid soil under )
- soll moisture ( tiles)
- soll temperature ( tiles )



SOIL MODEL

Soil type is described by:
saturation content 7,4,
wilting content .,

field capacity s,
non-dimensional constant b,
hydraulic conductivity K,
matrix potential ¢/,.

Richard’s equation is solved for soil moisture,

on oY
ot (K Ko, Oz

R; terms include: runoff, dra,mage, root extraction.
The relationships between K, ¢ and 5 follow Clapp and Hornberger, (1978).

)+ 3 Ril2), (1)

Conservation of heat:
T, o, o,
PsCs 5 = 555, ) 2)

where p, is the density, ¢; is the gpecific heat, x,; is the thermal conductivity.

The volumetric heat capacity (g5 ¢s):
AsCs = (1 _ﬂsat) Psoil Csoil T 1 P Cowr + 1% Pice Cice (3)
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Snow simulations for tiles:
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Snow simulations - JULES/CABLE
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Skin temperature
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Tiled subsurface — soil tem
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Tiled subsurface — soil moisture
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Next steps

Couple CABLE to UM model
Include some of CABLE’s submodels into JULES

Model development

New carbon pools and soil respiration. Inclusion of
nitrogen and phosphorus cycle

Include more elaborate phenology — timing of onset and
cessation of photosynthesis

Water and carbon isotopes
Include interactive leaf area index (LAI)
Systematic method for determining model parameters
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Phone: (61 3 9239 4524)
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Modelling climate
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Carbon cycle in C-CAM coupled carbon-climate model
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Conformal-cubic C48 grid used for
CAMIP simulations
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Model forcing and

Sea Surface Temperature:
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Model forcing and modelled climate

Sea Surface Temperature:
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Map of output locations

Red: atmospheric sampling sites, blue: flux tower sites

Atmospheric data ‘see’ CO, sources/sinks from a larger
region than flux towers
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Concentration (ppm)

North-South gradient of CO, (1980-1999)
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Concentration (ppm)

North-South gradient of CO, (1980-1999)
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Zonal mean net ecosystem exchange
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Zonal mean net ecosystem exchange

Northern mid-high
latitude source,
southern low-mid
latitude sink indicates

e problems with
biosphere simulation
e.g. expect cultivation
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Seasonal cycle: amplitude and phase
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Month of minimum Peak to peak amplitude (ppm)
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Seasonal cycle: NH sites
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Seasonal cycle: southern hemisphere

Conc (ppm)
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Seasonal cycle: southern hemisphere

South Pole Contribution of source from

each semi-hemisphere
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Amplitude (ppm)

Amplitude of diurnal cycle
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Amplitude (ppm)

Amplitude of diurnal cycle

WLEF tower, Wisconsin, USA Data: GLOBALVIEW-CO2 (2003)
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Model levels approximately 37, 179, 456 m above surface
Dotted lines — observed median amplitude



Interannual variabllity

IAV NEE (green) and IAV temperature (red)

-term

trend removed
Correlation 0.59
weaker with precip
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Concentration (ppm)

Annual growth (ppm)
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~ CO, at Mauna Loa

Concentration (ppm)
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CO, Growth Rate Components at South Pole Station (ppm/yr)
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What did we learn

Respiration overestimated — too
sensitive to temperature?

Savanna biome, NPP too large,
perhaps need more plant respiration

Cultivation biome, expect to be closer
to neutral over annual cycle

Global GPP and NPP larger than
expected -suggests too much
photosynthesis



CSIRO Carbon-climate simulation

e CAMIP phase | simulation:

— Coupled CABLE (CSIRO Atmosphere Biosphere Land Exchange LSS)
with CCAM (Cubic Conformal Atmospheric Model).

— Used prescribed SST, carbon fluxes from ocean, fossil fuel and land use
change from 1900 to 2000.

— Two atmospheric CO, concentrations used: ...
1) prescribed historical CO2 globally uniformne=|

2) a result of atmospheric transport of all ...
carbon fluxes including biospheric fluxes. =

CO2 forcing 1900-1999 CO2  w—

300 |

- TWO SImUIatlonS: 29?900 19I1D 19;20 19I3Eh 19I4l] 19I5[J 19:50 1*3I?0 19I80 1‘3I‘30

years

RUNZ1: biosphere sees prescribed historical CO2 from 1900 to 2000

RUN2: biosphere sees prescribed historical CO2 from 1900 to 1970,
then CO2 is kept constant at 1970 level from 1971 to 2000.

Law et al., Tellus, 58B, 427-437, 2006.



Modelled climate
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Modelled climate
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