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Atmospheric general circulation models (GCM) require a description of radiation, heat, water vapour and
momentum across the land-surface interface. Land surface schemes (LSS) provide an efficient means of
calculating the temporal evolution of these fluxes. Over the past quadrennium, the LSS developed from
simple schemes to more complex representations of soil-vegetation-atmosphere transfer allowing for links
between terrestrial microclimate, plant physiology and hydrology. This evolution was facilitated by the
availability of remote sensing data providing global fields of land surface parameters. The CSIRO
Atmosphere Biosphere Land Exchange (CABLE) LSS which incorporates biogeochemical knowledge and is
coupled with C-CAM, is able to model the biological responses of vegetation to increasing atmospheric CO2.

Vegetation can affect climate by modifying the ggyermomentum, and water balance of the land
surface and changing atmospheric CO2 concentratissociated with effect of vegetation on

climate, is the question of how the climate chamgy affect plant physiological properties and
productivity. This interaction was not taken intzaunt until recently.

The rapidly growing interest in climate change lecheed to develop more complete models of
climate system including the climate-carbon cycledei. In the coupled climate-carbon cycle
model, plants affect climate and CO2 concentratioh#e climate affects plants physiological
parameters and productivity. The CSIRO Atmospheosiihere Land Exchange (CABLE) LSS
incorporates biogeochemical knowledge and is caupleth C-CAM and with elements of the
terrestrial carbon cycle. The main features of CERite:

- The vegetation is placed above the ground allgwior full aerodynamic and radiative

interaction between vegetation and the ground. Witkin canopy air temperature and

humidity are described using a plant turbulenceehbg Raupach (1989).

- The energy, water and carbon exchange in thepgadepend on leaf stomatal control

which responds to changes in the atmospheric ahdrseronment. In CABLE two-big-leaf

submodel for photosynthesis, stomatal conductaleed,temperature and energy fluxes is

used as developed by Wang and Leuning (1998thael differentiates between sunlit and

shaded leaves.

- Annual plant net primary productivity is determéhfrom the annual carbon assimilation

corrected for respiratory losses. The seasonal thfdecay of biomass is determined by

partitioning of the assimilation product which iboaated between leaves, roots and wood.

The flow of carbon between the vegetation, disiratgl plant material and soil is described

at present by a simple carbon pool model of Diakinet al. (1998).

- A six layer soil model is used; Richards equatisa solved for soil moisture and heat

conduction equation for soil temperature, Gordoal.ef2004).

- Snow model computes temperature, density anértbgs of three snowpack layers.

C-CAM/CABLE performed climate simulation from th@&st phase of the Coupled Climate-
Carbon Cycle Model Intercomparison Project (C4Mi®yced by historical CO2, sea surface
temperatures and anthropogenic land cover charige.1Fshows simulated change in mean
surface air temperature over the land and seadarsy1900-1990. In the first phase of C4MIP
computed CO2 fields were used for diagnostic arldiaton purpose only and did not affect
radiative forcing or plant physiology. These praessdepended on prescribed forcing to avoid
the complication of feedbacks. Increasing atmosphl@D2 and air temperature induced higher
level of plant productivity in the simulation. Fgshows computed time series of mean gross

73



primary productivity (GPP), net primary productiv{iNPP), soil respiration, plant respiration and
the net CO2 flux (NEP) which affects atmospheric2C&édncentrations. C4AMIP provides data
from 81 stations to compare model computed nedaceCO2 concentrations with observations.
The model was able to reproduce seasonality o2& concentrations in most of the 81 base
line stations. Fig. 3 depicts seasonal CO2 conagoitrs for Barrow in Alaska and Cape Rama in
India; Barrow represents a more typical seasond@ ¢y2le while Cape Rama’s seasonality is
unusal . There are characteristic seasonal pattérpknt biological activities which the model
was able to reproduce, although there are diffeentthe magnitude of the fluxes. Fig. 4 depicts
spatial patterns of NPP for January and July predury CABLE compared with results from
CASA model, which is often used as a benchmark domparison. The largest depicted
differences are in Amazon Basin due to an excestaydime plant respiration produced by the
model.
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Fig.1: Change in mean surface air temperature 1900-1990; a) over the sea b) over the land.

CSIRO has considerable expertise in terrestriabghiere modelling, land surface processes,
remote sensing, ecological processes and data edeliiata fusion. The latest improvements in
CABLE (not used in CAMIP simulation) include mor&amrate soil biogeochemistry and
elements of plant carbon dynamics. The model isgogparameterised by applying model-data
fusion techniques to physiological, ecological, oéensensing and atmospheric measurements.
CSIRO’s two flux towers are collecting flux dataiguee to Australian terrestrial ecosystems
which will allow for further validation of the moteThe next step is to include CABLE in Mk3
and to perform the second phase of the C4AMIP siinnlavhich extends over #0and 2%
century allowing for full feedbacks between temastind ocean carbon cycle and the climate.

Realistic representation of biogeochemical prozese the climate model and their potential

changes associated with climate change is necessaljow the major feedbacks on climate
change.
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Fig.2: Computed time series of mean gross primary productivity (GPP), net primary productivity
(NPP), soil respiration (RS), plant respiration (RP) and the net CO2 flux (NEP).
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Fig. 3: Seasonal CO2 concentrations for Barrow in Alaska and Cape Rama in India. Solid curve
with error bars — observations, solid line — model mean for 1946-1955, dashed lines - individual
years.



Fig. 4: Spatial patterns of NPP produced by CABLE compared with results from CASA model.
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