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ABSTRACT

Over the past 100 years, reactive methods have been developed to manage
rangelands by adjusting herd /flock numbers and property size, and using
better husbandry practices. However, reactive approaches to drought for
example, have the risk of causing irreversible land and pasture degradation
before management adjustments can be made. We now face the problem of
adapting grazing management to cope with climate change where the direction
and magnitude of the change is uncertain. We suggest that, in Queensland,
seasonal forecasting has reached sufficient skill that it can contribute as
a pro- active tool in adapting to climate change.

INTRODUCTION

The likelihood of climate change as a result of increasing greenhouse gas
concentrations (Pearman 1988) has important consequences for grazing
management in terms of production and sustainable land use. The future
management of rangelands requires an evaluation of the impact of climate
change. In this paper we examine:

(1) current climatic effects on northern Australian rangelands;
(2) impact of past climatic variability and the estimation of safe

stocking rates;
(3) adapting management decisions to cope with climate change.

1. Current climatic effects on northern Australian rangelands

The major land use of northern Australia is pastoralism based on beef
cattle and sheep grazing in a variety of ecosystems. Both animal and
economic production in pastoral systems are dependent on plant production,
the two main effects on animal production being pasture growth (kg /ha /year)
and the length of the pasture growing season (McCown 1980, Mott et al.
1985, McCaskill 1991). Pasture growth determines stocking rate
(animals /ha) with pasture utilisation (proportion grown that is eaten)
varying from 10 -50% (Burrows et al. 1990). Animal growth (liveweight gain)
requires levels of energy and protein usually only satisfied while the
pasture is growing and hence climate, through its effect on the length of
the growing season, has a strong effect on animal nutrition.

Both plant production and its seasonal distribution are determined by the
interaction of climate and soils. Climate change will have direct effects
on plant and animal production and hence prediction of these impacts
requires an understanding of the current climatic effects on production.
Geographic analyses of rangeland productivity has concentrated on the
climate limitations (moisture and temperature) to plant growth. Changes to
these limitations could occur by increasing CO2 concentrations and /or
global warming (Jones 1991, Plummer 1991), including possible increased
rainfall in the summer rainfall regions of Australia (Whetton and Pittock
1991). The role of nutrients (nitrogen, phosphorus) limiting plant and
animal production will become increasingly important if these changes
occur. Because of the restricted growing season in rangeland environments,
the quality of dry carry -over plant material is important for dry
season /winter production. Changes in climate or CO2, which cause increased
plant growth but do not change the length of the growing season, are likely
to result in dilution of limiting nutrients and hence lower quality feed.

Our capacity to predict the impact of future climate /atmospheric change on
rangelands is limited by the lack of information on soil nutrients, their
effects on plant growth, senescence and animal diet quality, and the impact
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of climate change on nutrient cycling. For Queensland's grazing lands we
are just beginning to link the data banks of soil attributes to plant and
animal models. When combined with climate change scenario's (e.g. Whetton
and Pittock 1991) the likely changes in productivity and management can
then be calculated. With these methods, the best management decisions can
be derived from a wider and longer experience than is otherwise available
to graziers or their advisers. However, the view that the best management
decisions can be derived from past experience (whether in practice or from
simulation with the last 100 years rainfall) is now being challenged
because of the likelihood of climate change.

2. The impact of past climatic variability.

In Queensland, the pastoral areas are located in climatic zones with large
differences between years in the duration and amount of rainfall.
Variability of annual rainfall is high, with the co- efficient of variation
ranging from 25% in south -east Queensland to 45% in western Queensland. A
major meteorological cause of year -to -year variation is the Southern
Oscillation with droughts usually associated with El Niño events and high
rainfall with La Niña events (Nicholls 1990). Periods of well above and
below average rainfall have occurred on a generation timescale (Russell
1981). For a range of stations in Queensland the period 1917 -1946 had
summer (November -April) rainfall 6% below the 100 year average in contrast
to the period 1947 -1976 when rainfall was 9% above average. These changes
in average rainfall are similar to those simulated by global circulation
models for a future doubling of CO2 (Whetton and Pittock 1991).

The first wave of graziers in Queensland did not have rainfall records or
any other way of estimating safe carrying capacity. It is only from a
position of hindsight that it is possible to say that climatic conditions
were above or below average. One hundred years later we can put past
events in perspective, for example in 1902 70% of Queensland had rainfall
less than decile one'. We now may be in a similar position of 'climatic
ignorance' if some of the greenhouse climate scenarios actually occur in
the next thirty years and beyond.

This short experience of pastoralism in northern Australia (less than 150
years) has also contributed to the problems of management. There have been
combinations of climatic events (for example, droughts) and management (for
example, high stocking rates), which have resulted in changes in pasture
composition. These may occur only once in a manager's working lifetime.
Examples of these type of events are the change from Themeda triandra to
Heteropogon contortus in the 1870s and 1880s in South -east Queensland (Shaw
1957, Logan 1988) and the change from Heteropogon contortus to Bothriochloa
pertusa in northern Queensland in the 1980s (Howden 1988, Gardener et al.
1990).

The above examples highlight the problems of pastoralism in a highly
variable climate. In each case it was not possible to detect unfavourable
changes in pasture composition and resource productivity until it was too
late. The normal variability of drought and flood made it difficult to
distinguish climate and man -made induced changes, so that poor or
unsustainable management decisions could not be corrected in time. From
the above studies, we conclude that pastoralism has been particularly
susceptible to climatic variability when (1) a few years of high rainfall
have biased expectations towards high stocking rates (e.g. the 1890s) or
(2) high stocking rates have been forced on graziers by economic pressures
such as reduced prices for stock (the mid 1970s).

The above examples of the interaction of climatic variability and
management have shown the importance of historical ecological analysis. We
have taken published explanations of these changes 'at face value'.
However, as other authors have shown (e.g. Mitchell 1991) such historical
analysis can be misleading because detailed scientific observations were
not made. Current pasture ecologists have the opportunity to document
changes as they occur (e.g. the invasion of Acacia nilotica in Queensland,
Burrows et al. 1990, Carter et al. 1992). If managers are to avoid the
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mistakes of the past, they will require more immediate warnings of
deleterious changes or provide opportunities for resource improvement. To
provide these warnings, Queensland Department of Primary Industries has
established a Drought Group to monitor the spatial distribution of drought
and forecast regions at risk of land and pasture degradation.

Estimating safe stocking rates

The key issue in rangeland management is the choice of stocking policy.
Recent advances in pasture ecophysiology and simulation modelling have led
to a systems based approach to address the problem of estimating safe
stocking rates (Gillard and Monypenny 1990, McKeon et al. 1990). Analyses
of stocking rate experiments on native pastures indicate that perennial
grasses decrease in basal cover when pasture consumption exceeds 30% of
pasture growth in below average growing seasons (McKeon et al. 1990).
Utilisation of less than 30% of growth is thus regarded as safe stocking'.
Heavy grazing during dry' growing seasons substantially reduces perennial
grass density and soil cover. Where graziers attempt to stock the same
number of animals each year to maintain a breeding herd or flock,
substantial damage to the resource productivity is most likely to occur
during extended dry periods, for example, the 1960s or 1980s.

Simulation models of grazing systems allow stocking rate options to be
examined and decision rules to be formulated. The model GRASSMAN (Clewett
et al. 1991) simulates grass production, perennial grass density and beef
production using historical (1880 -1990) rainfall records. Simulation
studies for northern Queensland (Charters Towers) show that the optimal
stocking rate on a cleared pasture for beef production (kg LWG /ha) varied
three fold between decades, e.g. 1900s compared to 1890s. The studies also
indicated that over the 110 years simulated, the optimal constant stocking
rate was one which was safe' in 80% of years. A similar conclusion has
been reached by Gillard and Monypenny (1990) after simulating the response
of a beef cattle herd to variability in rainfall.

However, even the 100 years of accessible historical records may be
misleading for estimating safe stocking rates. In northern Queensland,
reconstruction of river flow from analysis of coral bands (Stewart et al.
1989) suggests that the last 100 years has had favourable rainfall compared
with the period 1770 to 1880. The lower pasture production which would
occur under these climatic conditions would increase (1) the difficulties
of economic survival for existing enterprises and (2) the risk of land
degradation. While stock numbers must eventually come into balance with
pasture production the period of adjustment and re- evaluation of safe
carrying capacity is one of increased risk of both over stocking and
irreversible resource degradation due to soil erosion and woody weed
invasion.

Current surveys of Queensland's grazing lands (Tothill and Gillies 1991)
suggests that a proportion (20 %) of the grazing resource was in a degraded
condition and was not able to be economically restored. Similar trends
appear to be occurring throughout the world's rangelands (Mabbutt 1984).
Such studies show the difficulty that climate change and variability cause
for pasture management decisions. The previous ten years experience of
rainfall (e.g. the 1970s) has little relevance for the next ten years (e.g.
the 1980s). Alternatively, the long -term view based on 100 years of
rainfall records may be irrelevant given (1) the importance of episodic
events producing irreversible resource damage (e.g. 1899 -1902), (2) the
doubtful stability of climate on a generation time scale (1917 -1946
compared to 1947 -1976) and (3) predicted climatic change.

3. Adapting management decisions with seasonal forecasting

The possible effects of climate and atmospheric change on extensive grazing
industries have been speculated upon elsewhere (Graetz et al. 1988, McKeon
et al. 1988, Russell 1991, McKeon and Howden, 1992). However such
speculations may be of doubtful value given (1) the empirical basis of
existing models of grazing systems (McKeon et al. 1990), and (2) the lack
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of knowledge of the interaction of climate and CO2 on plant growth
(Newton 1991). If agricultural scientists are to improve their ability to
predict the consequences of climate change, then the existing models of
grazing systems will require a better representation of the environmental
interactions (e.g. climate, CO2 and soil fertility) and further research to
validate the predictions.

Given the uncertainty of future climate change, it is necessary to
formulate both reactive and predictive management rules. For example, in
western Queensland, where there is a high frequency of periods without
pasture growth, grazing experiments have demonstrated the value of
reactively adjusting stocking rates at the end of each growing season so as
to use a safe (for example 30%) proportion of known feed supply (Beale
et al. 1986, Orr et al. 1986).

Such an approach of reactive stocking rate management is likely to be
successful in an environment where the probability of extended droughts
(about 1 year) is high. Recent developments in seasonal forecasting have
shown that the probability of drought varies from year -to -year depending on
phases of El Niño /Southern Oscillation, (Pittock 1975, Nicholls 1990), sea
surface temperature (Simmonds and Rocha 1991) and behaviour of the high
pressure belt at mid latitudes (Pittock 1975). Thus it is likely that
decisions on stock and pasture management can be improved by including the
increasing knowledge of the causes of year -to -year variability. We are now
at the stage of examining the biological and physical impacts of decisions
using seasonal forecasts (McKeon et al. 1990, Willcocks et al. 1991,
Hammer et al. 1991). The next stage is the economic evaluation of
forecasts with whole property /herd models (Holmes 1990, Gillard and
Monypenny 1990, Foran and Stafford Smith 1991).

However, where strategic stocking policies are adopted, for example a
constant stocking rate which resulted in pasture utilisation being safe
(less than 30%) in 80% of years, then there is only a small proportion of
years (10 -20%) where forecasts can be useful. Where resource damage is
reversible then the value of unreliable forecasts is debatable and can be
assessed only by sound economic models.

The calculation of strategic stocking policy requires assumptions about
future climatic conditions on a 30 -100 year time scale. For want of better
knowledge the usual assumption has been to use a climatic record as long as
possible i.e. usually back to 1880s. However, this assumption must now be
questioned given the prospect of global warming and evidence from
historical analyses of climate change (Stewart et al. 1989). The
simulations of future climate provided by General Circulation Models are
still classed as 'scenario's'. A major source of uncertainty is the future
behaviour of ocean currents, especially El Niño, which are so important in
determining rainfall in Australia's rangelands. Hence, the role of
seasonal forecasting as a tool for revealing the future climate trends,
albeit slowly, year -by -year, becomes more important than just the economic
fine -tuning of existing management practices.

In Queensland, the demand for better seasonal forecasting has resulted in
improvements of the current climate 'outlooks' based on simple correlations
between rainfall and the Southern Oscillation Index. Stone and Auliciems
(1991), and Nicholls (1985, 1992) have demonstrated the importance of the
phase and trend in the SOI as a forecasting tool. Furthermore, Russell et
al. (1992) have shown that combined predictors of SOI and sea surface
temperature can substantially increase forecasting skill. Simulations with
GCM models, using current sea surface temperatures, are providing more
mechanistically based forecasts (N. Nicholls, personal communication;
Folland et al. 1991; Simmonds and Rocha 1991; Hunt 1991).

Should climate change occur as a result of more frequent El Niño or La Niña
events or other circulation changes (Folland et al. 1991), then linking
management decisions to seasonal forecasts would allow managers to 'drift'
in the correct direction. Such an approach, over the last hundred years,
would have avoided the over -grazing and resource damage during the severe
El Nino events that occurred in (1) the 1870s and 1880s, (2) 1899 -1902, and
(3) in the 1980s. Similarly, linking decisions such as pasture burning to
the occurrence of La Niña's (1890s, 1950s, 1970s) would have allowed woody
weed control in areas where burning has been regarded as a risky management
tool (Willcocks et al. 1991).
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CONCLUSION

The calculation of the 'best' stocking rate remains the major issue for
managers. Safe, constant stocking rates can only be derived in hindsight
and hence are unlikely to be correct in a changing climate, resulting in
either under- utilisation or over -grazing of the pasture. In contrast,
strategies based upon seasonal forecasting will be able to adapt to a
changing climate as forecasting skills improve in line with our
understanding of climatic processes.

We expect that the future breakthroughs in land management will come if the
skill in seasonal forecasting is improved to a level where managers can
apply forecasts in their planning. Given the importance of seasonal
forecasting both for current and future land management it is unfortunate
that current funding has concentrated on scenarios related to the enhanced
Greenhouse effect rather than the problems of seasonal forecasting. The
latter problems will have to be resolved eventually for credible
simulations of regional effects of global warming.

The challenge for research then is to find and demonstrate the land
management, animal husbandry and financial practices which can take
advantage of current and future forecasting skill.
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