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Abstract

Managing native vegetation for sustainable primary production, protection of biodiversity and
mitigation of climate change are key government priorities towards a sustainable Queensland.
These priorities come with a significant responsibility to a land manager to make informed
decisions about conservation and management of native vegetation. Luckily, huge amount of
ecological information on native vegetation ecosystems that could support these decisions
exists. However the sheer volume of this information and its discrete storage make it difficult to
access and is not in a readily usable form necessary for evaluating management options.
Hence EDS exist to assist land mangers to examine, interpret, synthesise and incorporate this
repertoire of scientific data into everyday decision making. It allows a land manager to trial the
impacts of alternative management strategies before implementing them.

EDS can be used as a decision support tool for sustainable management of native vegetation
on any tenure. This computer software program has been developed by the Nature Refuges
Branch of Queensland’s Environmental Protection Agency. It aims to provide a practical tool for
a wide target audience ranging from land managers to policy officers and anyone who is
actively managing or planning for the management of native vegetation at the property scale.

EDS was adapted from a successful forest dynamics model that has been used by the scientific
community for the last four decades. It utilizes current knowledge on the growth patterns of tree
species as well as local data on tree diameter sizes and soil texture measured from a plot of
less than one hectare in size. The number and size of plots can be varied depending on the
extent of vegetation and number of trees on a property. These data are augmented by historical
records of local monthly temperature and rainfall covering as many years as can be sourced
from the closest weather recording site. EDS then integrates the effects of these factors, along
with management actions proposed by the user (such as fire, grazing and tree harvesting



regimes), on the growth of trees within the plot. EDS can generate tables, charts and visual
representations of how the forest will look in for example, 10, 20 or 100 years from now.

EDS enables quantitative projection of long-term changes in species composition and tree size
distribution, carbon sequestration pattern and cumulative carbon stock in vegetation
communities. We have successfully tested EDS at various locations including Maryborough,
Ingham, Torrens Creek, Gayndah, Theodore, Gympie and Brisbane. This testing has shown
that EDS has the capacity to predict vegetation growth and responses of vegetation to
management actions with good accuracy. Hence, EDS can enhance specific outcomes desired
by a land manager such as revegetation, management of threatened species, fire management,
and carbon sequestration.

Introduction

A crucial input to sustainable management of native vegetation is the capacity to quantify long-
term changes in biodiversity values in revegetated and naturally regenerating forests. In
addition, the need to develop capacity to estimate carbon accumulation potential of these
forests has dramatically increased in recent years. Unlike in the commercial forest plantation
industry where growth prediction tools are readily available, tools to assist land managers in
developing sustainable management strategies for naturally regenerating ecosystems in
Australia are lacking. The development of the EDS is an attempt to meet this need.

EDS can complement a land manager’s experience and assist in making informed decisions
about vegetation management. This computer-based application uses information on climate,
fire management, soil type and vegetation composition and structure to test management
scenarios and optimise the desired management outcomes. Hence, EDS can be applied to a
wide range of land management activities at the property level and can be used by a variety of
land managers including primary producers, conservation managers, restoration specialists,
environmental planners and educational institutions interested in sustainable land management.

Land managers are constantly faced with management decisions that may have far reaching
and long term impacts on the capacity for primary production, and the viability and integrity of
the biodiversity and heritage values they want to protect. Moreover, even without human
intervention, vegetation is constantly changing in response to seasonal variability in weather
and the growth habits of individual plants. When other regular land use factors such as grazing,
fire, tree harvesting and changes in land ownership and property use aspirations come into
play, the challenges for managing for future outcomes become obvious. In response to these
challenges, the Environmental Protection Agency (EPA) in Queensland is developing tools and
putting them in the hands of those involved in making decisions on vegetation management for
sustainable primary production and conservation.

EDS can help in exploring questions such as:
* |s my vegetation changing?
* How will it look in years to come?
* Is my vegetation accumulating carbon?
* |s my current management regime affecting the sustainability of my resource?

Hence EDS can help increase sustainability and inform management for:

* Biodiversity conservation
* Restoration

* Carbon sequestration

* Timber harvesting

* Climate change



How EDS was developed
The origin

EDS was adapted for Australian conditions from a general forest succession model called
JABOWA-II (Botkin, 1993). The JABOWA-II model is an improvement of the original model
called JABOWA that was conceived in early 1970s and implemented as a computer program
(Botkin et al., 1972). This model was developed to simulate changes in species composition
and individual tree sizes in a changing environment using the knowledge of plant physiology,
physiological ecology and empirical methods.

Vegetation models derived from the JABOWA family of forest succession models have been
successfully used by the worldwide scientific community to simulate long-term forest
succession (Shugart et al., 1981b; Bugmann, 2001) and their applications have been the
subject of books including West et al (1981), Shugart (1984) and Botkin (1993). Some
examples of applications include Australian montane Eucalyptus forests at Brindabella Range
(Shugart and Noble, 1981) and subtropical rain forest at Waingaree State Forest in New South
Wales (Shugart et al., 1981a), North American forests (Shugart, 1984), native vegetation of
Fiordland, New Zealand (Develice, 1988), Canadian forests (Wein et al., 1989), Swiss forests
(Kienast and Kuhn, 1989; Bugmann, 2001), forests in The Netherlands (Mohren et al., 1991)
and boreal forests in Finland (Kolstrom, 1998).

JABOWA Il was chosen to model vegetation dynamics in Queensland because:

* it has a general structural design intended to enable adaptation of the model to other
parts of the world and to enable further enhancement of modules to cater for specific
applications;

* it has been formulated to function simultaneously in different geographical areas with
exactly the same model structure, while changing only the climate data, soil properties
and the set of species included in the simulation;

* jts growth equations are a function of size, vigour and canopy position of a tree rather
than age;

* site productivity is described by site characteristics rather than tree characteristics;

* it has a successful track record of close to four decades of testing and application
around the world; and

* it provides a modelling framework for presenting current research knowledge in a form
that is practical for informing on-ground conservation and vegetation management
decisions.

Addition of a fire response simulation capability

A key enhancement to the adapted EDS model was the addition of a fire response simulation
capability. Weather forecasters and fire services in Queensland use fire danger meters (Forest
Fire Danger Meter Mk5 and Grassland Fire Danger Meter Mk4) commonly known as McArthur
fire danger meters (McArthur, 1967, 1973) developed by the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) to determine fire hazard. These fire danger meters
have been incorporated into EDS to enable a quick and efficient way of assessing the likely
impacts of particular combinations of fire frequency and intensity on biodiversity values. In order
to simulate a fire event, the user needs to provide on-site information about maximum fuel load
that the site can carry, the fire danger index and the proposed frequency of burns or wildfires.



Perfomance tests of EDS in Queensland

EDS has been calibrated and tested against long-term forest data collected over a period of 60
years from detailed yield plots in the dry sclerophyll forests of St Mary State Forest, near
Maryborough. The model has also been tested for brigalow forest communities at Theodore
using independent data sets collected over 40 years of monitoring. The basal area projections
from both tests were within 80% of the observed basal area. These tests have shown good
overall agreement between the simulated tree species composition and diameter size class
distributions and the measurements obtained during corresponding field assessments. Tests
involving the application of EDS have been conducted for sites at Ingham (revegetation),
Torrens Creek (forest growth), Gayndah (selective tree harvesting), Gympie (planned fire) and
Brisbane (revegetation). These test applications have demonstrated that EDS has the capacity
to enhance specific outcomes such as revegetation, management of protected species, fire
management, and carbon sequestration.

Data requirements for using EDS

A major practical advantage of EDS is that it needs less volume of information to operate
compared to other ecosystem models. EDS uses three types of data:

1. What we already know about the growth patterns of individual tree species. The
information includes optimal diameter and height growth, annual diameter increment,
sapling recruitment and geographical distribution range. This information, sourced from
experts and the scientific literature, is loaded into the model by the EPA and is updated
as better information becomes available.

2. Local site data provided by the user. These include information on the types of tree
species present on the site (composition), the diameters of those trees, and soil
characteristics (texture and depth). The number and size of plots used can be varied
depending on the extent of the vegetation and the number of trees on a property.

3. Historical climate records, obtained from the closest weather recording site, including
local monthly temperature and rainfall.

EDS uses these three types of information to project the growth of the vegetation present on a
site and then shows on screen (Figure 1) how the vegetation will look over time (e.g. 10, 20, 50
or more years from now). Because EDS uses local site data, the model is customised to the
location and provides information specific to the needs of the land manager.
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Figure 1. A computer screen display showing a plot of trees and a list of species represented
on the site.

Projecting biodiversity changes

EDS allows land managers to simulate the growth of trees on a site and predict the impacts of
alternative management actions. Hence, land managers can evaluate the likely effects of
logging intensity, fire, grazing and climate change on their vegetation. Essentially, EDS can
help take some of the guesswork out of vegetation management by allowing the user to trial
intended management regimes before implemeting them on the ground.

EDS generates detailed data that can be used to analyse some of the biodiversity/vegetation?
features at a location using statistical tables and charts. For example, the analyses can help
answer questions such as:

1. Is my vegetation healthy ?

A chart showing the number of trees in different diameter classes is automatically generated at
the end of a simulation (Figure 2). This gives a valuable indication of the capacity of the
vegetation to regenerate.
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Figure 2. An example of a diameter size class distribution chart showing the number of trees in
the different size classes.

2. Is my burning regime affecting fauna habitat?

In cases where planned fire is an important component of resource management, then the likely
long term impacts of current practice and alternative fire regimes can be assessed. For
example, the diameter classes chart provides an indication of the availability of feed trees and
large trees likely to contain or develop hollows used by arboreal marsupials (Figure 2).

3. How diverse is my vegetation?

A chart of species diversity (Figure 3) showing a list of species and numbers of trees according
to diameter classes is automatically generated. This chart provides a useful snapshot of
changes in species composition at different points in time. It also shows how individual species
will perform under different management scenarios that may include different combinations of
frequency and intensity of planned burns.
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Figure 3. An example of a species composition chart showing number of trees of each species

in the different diameter size classes.

Projecting carbon sequestration

EDS simulates the growth of individual tree stems and uses carbon estimation methods
recommended by Australian Greenhouse Office (AGO) to calculate above and below ground
carbon stock of live trees for a given vegetation type. Currently, the available methods cover
four broad vegetation types (Snowdon et al., 2000): native sclerophyll forests, native species
plantations, woodland trees and rainforests. EDS can project long-term changes in the carbon
sequestration potential of a forest composed of a single or multiple species and generate an

estimate of the total accumulated carbon. Two examples are provided here:

1. Projections of an old growth forest that is composed of a mature stand of a similar

diameter structure to that shown in Figure 2.

2. Projections of a regrowth forest on a cleared site showing greater carbon accumulation

compared to that of a mature forest (Figure 5).
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Figure 4. A carbon accumulation chart showing changes in accumulated carbon in a mature
forest over a period of 50 years at Gayndah in Queensland.
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Figure 4. A carbon accumulation chart showing changes in accumulated carbon in a regrowth
forest over a period of 200 years at Gayndah in Queensland.



Who else can benefit from using EDS?

This sort of decision support tool has a wide range of applications in the planning, operational

and educational spheres of natural resource management. For example:

*» EDS provides an excellent tool for informing management of vegetation in the context of
ecology (e.g. management of habitat for threatened species), agriculture (e.g. selecting
suitable thinning and fire regimes to help manage vegetation thickening) or forestry (e.g.
maximising sustainability of selective timber harvesting). EDS simulates vegetation growth
and changes in species composition over time (succession), and shows the effects of
environmental and man-made disturbances on vegetation. Using EDS, you can manipulate
variables such as the soil type, temperature, rainfall, fire intensity and frequency, and the
selective logging intensity and be able to watch vegetation in a plot grow over time. You can
then analyse the resulting data by generating a variety of charts and tables depending on
the question you are trying to answer.

* As an educational learning tool, EDS can allow students to test and compare management
options and identify best management practice. EDS is an excellent teaching companion for
courses such as environmental management and natural resource management, and
provides an opportunity to integrate theory, field data collection and data analysis and
evaluation.

Potential limitations of using EDS

EDS uses what we already know about the growth patterns of individual tree species in
Queensland and can be applied to other states in Australia. However, the quality of available
information varies greatly depending on location and species. Many species on the eastern
coast of Queensland are well studied; especially species that have been considered to be
important to the timber industry, are conspicuous in the landscape or are of known
environmental importance. In drier areas such as western and northern Queensland, the
amount of research on growth patterns of individual species is meagre. Hence, when simulating
the growth of species that are not well researched, caution is necessary.

Expressions of interest

We are keen to work with land managers who are interested in using EDS. You can express
your interest by contacting the Nature Refuges Branch of the Environmental Protection Agency
on toll free telephone 1800 603 604 or e-mail: michael.ngugi@epa.qld.gov.au.
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