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A series of experiments have been carried out in Western Australia in order to develop the

techniques for afforestation in arid lands. Remote sensing was used for evaluating the amount of

biomass in the research area of 30 km x 50 km. We have developed models for growth of

individual trees and also carbon dynamics in litter and soil. Now we need some models which

connect the behavior of the individual tree to the dynamics of carbon in the forest scale ecosystems.
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1. Introduction

Afforestation can be one of a few countermeasures for global warming. For effective sequestration
of carbon dioxide, it is desirable to apply afforestation to large area. However, we do not want to
consume lands that can potentially be used for future food production. Thus, afforestation in arid
land is considered as a practical way for planting trees in large area , and a series of experiments are
being carried out for developing and evaluating the techniques for arid land afforestation and
reforestation, in Sturt Meadows near Leonora, Western Australia[1-5].

For estimating the potentials of several different afforestation techniques, we needed to evaluate the
amount of biomass existing in the research area of 30 km x 50 km. By using remotely sensed data
and with several ground truth efforts, we successfully estimated the amount of biomass in the area
and also found that the amount of biomass can be corelated to the catchment area by a power law [3].
This suggests that there should be some topographical effects on the distribution of biomass, and that
we should take this into account when we predict the amount of biomass.

We are developing models for estimating the effect of several arid land afforestation techniques, for
this, attempts are made to connect the behavior of individual tree to the changes in the special

distribution of biomass in the area.

2. Models

2.1 Structure of the model
We successfully have developed the individual tree growth model under the limited water
availability, and also the litter and soil carbon dynamics model. Now we are integrating these two

models. The next, rather challenging step is how we develop the model that will describe the
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special distribution of the biomass. Here we only explain the concept of the litter and soil carbon

dynamics model.

2.2 Carbon dynamics model in the litter and soil

In general, in forest ecosystems, litter and soil carbon play significant roles in carbon dynamics: not
only that they retain as much as or more than carbon in plant bodies[6-8], but also the litter and soil
carbon might become sources of carbon dioxide, if the trees were cut and not re-planted. Thus,
carbon dynamics models for forest ecosystems usually incorporate litter and soil carbon
dynamics[9-10].

Our findings in the project was that a significant amount of litter have seemed to flow out from the
site, due to the flooding which occurs once in a year or every two years. Thus, we incorporate the

physical removal of litter into the model.

Fig. 1 shows the structure of the model. The model consisted of three major compartments of carbon
pools: plant body (WP), litter (WL) and soil (WS). Litter carbon was further divided into n sub-
compartments according to their decomposition rates (WP, (i=1, ..., n)).

Carbon flows between the compartments were as follows: NPP is put into plant body, and the
plant body produces litter. Then, a part of the litter is removed physically by flooding water or winds,
we represent this as run-off and subscript “run” is used for describing the phenomena. Another part
of the litter is transformed into soil organic matter (humus), and the other part of the litter would be
lost to respiration.  As for soil carbon, carbon input was transformation from litter, and output is the
respiration loss.

In this series of investigations, we set the carbon pool in the plant body a fixed value, and then the
changes in carbon pools in litter fractions and soil were calculated. The annual litter production
was assumed to be proportional to the amount of carbon in plant body and calculated as kWP,
where WP is the amount of carbon in the plant [kg m™] and k; is the rate constant [year™].

Annual litter production k;zWP then was divided into several parts according to their
decomposition rates. We defined the mass ratio of the i-th fraction of the litter as x;, thus, x; kWP

of carbon is put into the i-th sub-compartment of litter every year. I-th sub-compartment of the litter
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decomposes (either lost via respiration or transformed into soil carbon) at the rate of k;WP,, and also
lost via physical removal at the rate of k,,,WP;, where k; and k,,, are the first order rate constant
[year']: we assumed different decomposition rate constants but the same physical removal rate

constant. Thus, the change of carbon in each litter fraction is described as follows.

dWL.

T =Xk WP = (kpgeg; + K, WL, (M

dWL - dWL, 2
dr T dt

Annual physical loss of the litter via run-off, etc. is calculated as k,.,,WL, and was identical to the

sum of k,,,WL;, and the total litter decomposition rate was calculated by Eq. (2).

NPP Co,C
l A

WP
plant body

LF(=k -WP)

.........................

x VresLi‘
x(1'1/resL1) X V restn R
x(1'vresLn)
v v
ws K,esHWS

v soil

Fig. 1 Structure of Litter-soil carbon dynamics model.

In the decomposition of the litter, a part of the litter carbon was lost to respiration and the other
part of the litter carbon was transformed to soil carbon. The ratio of respiration to transformation is
different between the sub-compartments. We define the fraction of carbon lost to respiration of i-th

sub-compartment of the litter carbon as v__, Thus, the respiration loss of soil carbon was

Z kL degiWLi VresLi (3)

!

and carbon input to the soil carbon pool was
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ZkldegiWLi (l-vresLi) (4)

!

In the model, all the loss of carbon from soil was considered as respiration, and the rate of carbon

loss was assumed to be first order.

dws
=k, WS 5
d ¢ resH ( )

3. Conculusion

Spatial distribution of biomass, including pant bodies and litter physically moved from original
position, should be estimated if we want the ecosystem carbon storage change in arid land
afforestation. For this, we may have to take into account the topographical effects, some kind of

stochastic processes, etc.
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