












THE PARTS WHERE THERE IS DISPUTE
The earth’s climate has a number of components that change at different rates. The 
atmosphere changes within hours and is impossible to predict beyond a couple of days. 
The biosphere (animal and plants) changes over a few decades, while the deep oceans 
can take centuries or perhaps millennia. All these play together like parts of an orchestra 
to give the earth its climate, but just like orchestras, they sometimes play separately as 
well as sometimes together. The core of the current debate is that some believe that 
parts of the climate are starting to play together again in a dramatic flourish after an 
uncharacteristically long period of quiet harmony. After all, the quick flicks in temperature 
at the end of the last ice age show that the climate is capable of changes as fast as those 
we are experiencing at the moment. 

WHAT IS THE LIKELY CAUSE OF SUDDEN CHANGES IN THE PAST? 
The most likely candidate is the ocean. Ocean currents are ‘giant conveyor belts of 
heat’ moving water from the tropics to the poles and recirculating the cold water back 
to the tropics to be reheated. Tides, winds and the mixing of fresh water with salt also 
influence the movements of the currents. The flows of these ocean currents are about 
twenty times that of the entire world’s surface rivers combined, and forms one of the 
main energy flows on the planet. 

Figure 39: The Global Thermohaline Cycle as it is currently understood, showing the role 
of the Southern Ocean in linking all the world’s oceans. (Adapted from Trenberth, 1992).

There are many parts of the climate system that are still not well understood. The 
understanding of the link between the oceans and the atmosphere is still not fully 
developed; the biosphere is just beginning to be incorporated into climate models. The 
behaviour of clouds is a particular problem. They not only reflect sunlight back to space 
from their tops but they transport large amounts of energy around the planet in the form 
of latent heat stored in water vapour. As more of the factors that influence climate are 
included in modelling, forecasting skill will be improved.

THE EVER CHANGING CLIMATE
The following section discusses how Australia’s climate has changed in the last 50 years 
and the current climate projections relevant for the nation’s agriculture.
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1 Temperature

The most significant trend in Australia’s climate in the last 50 years has been that of 
temperature. The mean temperature in Australia has risen 0.6 degrees since the 1950s 
in line with what is happening globally. Significantly for agriculture, minimums have been 
rising twice as fast as maximums and the difference between day and night temperatures 
(diurnal range) has fallen by nearly a degree. 

Figure 40: Changes in mean temperature and Diurnal Range over Australia in the last 100 years. 
(Redrawn from a University of East Anglia publication).

CSIRO Division of Atmospheric Research has projected that by 2030 annual average 
temperatures in Australia will be 0.4 to two degrees higher than recorded in 1990. They 
project an increase by 2070 of between one and six degrees. Generally, southern parts 
of Australia are expected to warm more slowly than the northern parts, while inland parts 
will have a greater temperature increase than the coastal areas.

2 Frost days

Frost incidences vary a great deal from year to year due largely to shifts in the Southern 
Oscillation Index. In response to rising minimum temperatures there has been a reduction 
in both the number of frosts and their severity, particularly in northern Australia. The date 
of the last frost is now earlier. Most inland agricultural regions have seen the number of 
frosts fall by about a third since the 1950s and are currently ‘loosing’ a frost day about 
every six years. If this rate continues many agricultural regions will be virtually frost free by 
2030-40. This is good for some, and bad for others, eg various fruit crops which require 
a minimum number of cold hours to allow them to set fruit the following season.

3 Evaporation

Evaporation, as measured by pans, is dependent on the amount of solar radiation, wind 
and to a lesser extent temperature. Solar radiation is falling as atmospheric concentration 
of aerosols and water vapour increase. Water vapour, along with carbon dioxide, methane 
and nitrous oxide, is a greenhouse gas.
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There are two views as to future trends. One is that temperatures will drive evaporation 
increases, the other is that falling solar radiation will reduce it. For farmers, the other 
critical issue in the evaporation equation is wind. Changes in wind strength, direction and 
frequency are yet to be fully acknowledged in the public debate on climate change and 
more specifically how these changes will impact people on the land.

4 Cyclones

There appears to have been a slight trend downwards in the number of cyclones in 
Australia since the 1970s; however, long-term records from around the globe show that 
they can be subject to multi-decadal (or greater) cycles.

Cyclones are forecast to increase in both intensity and reach during the coming century 
with some suggesting regular cyclones as far south as Geraldton and Grafton.

CARBON DIOXIDE FERTILISATION
Plants like carbon dioxide and up to a point, the more of it there is, the better they 
grow. In fact most commercial greenhouses worldwide use some form of carbon dioxide 
enrichment to increase production. The reason has to do with photosynthesis. Increased 
carbon dioxide levels make it easier for plants to take carbon in from the atmosphere and 
convert it into energy during photosynthesis. 

Carbon dioxide concentrations in the atmosphere have increased by about 10% since the 
1950s. This has made plant photosynthesis more efficient and is thought to have been 
partly responsible for an increase in global plant growth of around 6% in the last 25 years.

Work is going on to see how plants will react to carbon dioxide concentrations during 
this century. Although a new branch of science, some trends are beginning to emerge.

The potential increase in biomass production varies from species to species, generally 
more for summer growers than winter species. Across the range of agricultural plants 
the average seems to be around 30%. Field trials indicate that this advantage seems to 
be maintained in water- and nutrient-limited environments. 

Plants seem to cope better with dryer conditions in high CO2 air because the holes in the 
leaves that they breathe through (called stomates) do not have to open as wide to get 
enough carbon dioxide into the leaf. This means they lose less water through their leaves. 

The leaf surface is warmer at higher carbon dioxide concentrations leading some to 
suggest that plants may become more sensitive to higher temperatures.

Plants seem to become more sensitive to frosts with increasing concentrations of CO2 
in the air because of changes to the plant’s cell structure. Although there may be fewer 
frosts in future, they may do more damage.

The ratio of carbon and nitrogen changes in plants and more nitrogen from the soil may 
be needed to maintain protein levels. Many Australian soils are nitrogen deficient as 
compared to global averages; hence this may become a limiting factor.

The picture is further complicated by the fact that there are two systems of photosynthesis 
used by plants: C3 and C4. Under suitable conditions C4 pasture plants are already 
more efficient than the C3s growing beside them and are thought not to gain as much 
from increased carbon dioxide levels.
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RAINFALL
Although there has been a very slight increase in Australia’s rainfall over the last 50 years, 
it has not been enough to establish a clear trend. Regional changes in annual rainfall 
have been marked during this time with reductions often exceeding 25% around major 
population centres, the south west of the continent, the Melbourne Basin and much of 
the east coast. Rainfall has increased over large areas of the centre and north west of 
the continents, despite the fall in the number of cyclones.

‘Surrogate’ climate records such as tree rings, pollen cores and coral records indicate 
that Australia has experienced much wetter and drier times in the recent past, than it has 
in the last 200 years. 

There is a wide variation on rainfall forecasts, but most predictions point to a decrease in 
rainfall over much of Australia. The modelling behind this forecast is very sophisticated, but 
the essential principle is straightforward. As more warm air rises over the tropics due to 
the higher temperatures, more falls back to earth in the mid latitudes, where, unfortunately, 
the Australian continent now resides. This pushes the low pressure systems that bring 
rain, further south. There are also suggestions that a shrinking of the circumpolar vortex 
around Antarctica will also force the current weather systems further south. This would 
mean that a push-pull would operate on southern Australia’s weather systems; warm air 
from the tropics pushing and cold air from the poles pulling systems further south.  

CLIMATE VARIABILITY
The critical element of climate for agriculture is how climate change may affect climate 
variability. An extended run of El Nino events, for example, could have a much larger, 
immediate and more permanent affect on agriculture than a gradual wetting and drying. 

The behaviour of the El Nino Southern Oscillation (ENSO) cycle is critical in any 
consideration of this issue. The cycling times time between El Nino and La Nina appear 
to have decreased from 7.5 years in mid 1880s to around 4.9 currently. There is some 
indication that this trend towards shortened cycles is continuing. 

Surrogate climate records indicate that Australia has had much longer and more intense 
ENSO events than appear in the instrumental record as recently as 300 years ago. 
Indeed if Europeans had arrived in Australia in the 1680s it is problematic as to whether 
the settlement would have survived.

INDUSTRY SNAPSHOTS

1 Broadacre Grain Production

The future of this industry is intricately bound up with the interplay of increasing 
concentrations of carbon dioxide, temperature increase and rainfall changes.

If carbon dioxide concentrations doubled and temperature and rainfall remained constant, 
the potential wheat yield is thought to increase by about 24%. This is primarily due to an 
improvement in the efficiency of the photosynthesis process. Increased plant efficiency 
in water and nutrients use in high carbon dioxide atmospheres means that this yield 
advantage is maintained in drier, lower nutrient environments. 
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The C4 crops, sorghum and maize, have a more efficient photosynthesis process than 
C3 type crops such as the temperate cereals and broadleaved crops and tend not to 
respond to higher carbon dioxide concentrations by increasing biomass production. The 
main response of C4 crops is to improve water use efficiency. 

Rising maximum temperatures would depress yields for most broadacre crops. Holding 
everything else equal for wheat, a mean temperature increase of between 1.5–2ºC 
during spikelet and grain fill is thought to be enough to cancel out yield increases due to 
carbon dioxide fertilisation. Current projections are that temperatures could be at these 
levels by 2030 for most of Australia’s grain growing regions. 

The paradox with grain production is that as variability increases water use efficiency 
decreases, because as variability rises, the production strategy becomes more conservative. 
This suggests that variability rather than net amount is the key vulnerability.

2 Extensive Grazing

While sharing many of the same issues as grains, assessing the impacts of atmospheric 
changes on the grazing industry is complicated by the fact that they operate on animals 
directly as well as the pastures they graze, which are generally more complex plant 
communities than crops.

Recent studies suggest that the incidence of heat stress has increased significantly 
across large areas of Australia since the 1950s. If the current trends in temperatures 
are maintained, selection pressures for animals better adapted to maintain production in 
high temperature environments will need to be intensified.

As a general principal, pastures will have similar potential production increases (around 
30%) as grains, at double the current carbon dioxide concentration. Again similar to grains, 
much of this potential increase could be cancelled out by temperature increases. 

The current suggestion is that with increased levels of carbon dioxide this would improve 
plants digestibility by increasing carbon solubility, although the affect of this on animal 
productivity is unknown at this stage.

C4 plants such as Mitchell grass, black spear grass, kangaroo grass and golden beard 
grasses, that are the mainstay of tropical and subtropical pastures, may benefit less from 
carbon dioxide fertilisation than the C3 plants such as annual cool season pastures and 
trees and shrubs. This indicates changes in the composition of tropical and subtropical 
pastures can be expected, with possible increases in woody weed pressure. Temperate 
pastures may also change composition as grasses gain the upper hand over legumes, 
if temperatures increase. 

Studies suggest a significant southward movement of parasitic ticks as temperatures 
increase, indicating that the future of Bos taurus cattle may need to be revisited south of 
the current ‘tick zone’.  

If carbon dioxide fertilisation was effectively cancelled out by temperature increases, 
rainfall would become the main determinant of pasture growth. Although changes in 
rainfall between years causes considerable stresses and strains in the extensive grazing 
industry, past history shows that it is changes in the inter decadal oscillation (resulting in 
prolonged climate phenomenon, ie consecutive runs of wet or dry years) that destroys 
businesses and resource bases. This suggests that extensive grazing is much more 
vulnerable to changes in the shape of Australia’s climate than solely changes in rainfall.” 

(Warwick Jones)
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CONCLUSION
In the last 20 years El Nino has come more frequently and this will change the face of Australia, including 
the river systems and water supplies. This combined with changed temperature and rainfall patterns, 
especially increased variability, will see new farming systems developed as an adaptation to the changed 
circumstances. For producers, there is a need to appreciate what changes will need to be made. 

Current attempts to protect some endangered species may fail as their required habitat will exist 
elsewhere. While the species may have time to relocate, the required habitat may not have time to 
re-establish elsewhere. Some fish species are predicted to move south in Australian waters as the 
oceans warm, and indeed this is already being observed. These fish movements are also being 
observed elsewhere around the globe.

Climate change is not all bad news as some areas will end up more productive in the future than is 
currently the case.
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“I have finally got to re-reading 
Carbon Grazing. How different it is on 

the second read. I am captivated as you 
reveal the “secrets” of good 

grazing management.” 

…Shane Joyce, Grazier, Theodore, 
Queensland, Australia.

“Alan has the great ability to think 
across scales from the molecules 

involved in carbon fixation, 
the green pick needed for SHEEP and 

CATTLE digestion, to the global 
challenge of climate change.”

…Dr David Freudenberger, 
Former CSIRO scientist,

Canberra, Australia.




