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2Chance of 3-day totals

The chance of 3-day totals forecast maps show the 
chance of receiving ‘at least’ a given amount of rainfall 
total over three consecutive days. Forecasts are 
available for 15 mm, 25 mm, 50 mm and 75 mm of rain 
during a one-week or two-week period. Historic data 
(1960 – 2019) for chance of 3-day totals is available 
and accessible. Figure 7 shows a chance of 3-day 
totals map for the period 21 March to 3 April 2023. 

Dr Tim Cowan, USQ, demonstrates 
using the rainfall burst forecast map in 
a short video (2min 11sec) at  
https://youtu.be/I5iqDl3qlr8. 

Dr Chelsea Jarvis, USQ, discusses the 
application of the rainfall burst 
forecast tool in the cotton, livestock 
and sugar industries in a short video 
(2min 32sec) at https://youtu.be/
u8_je1NC3r4. 

Note that the location-specific graphs in the chance 
of 3-day totals map do not present probabilities 
or deciles on a three-day timeframe. Instead, the 
location-specific graphs present data on the outlook 

for either one week or two weeks when selected in 
the chance of 3-day totals map, as with the chance of 
extremes map.

Decile bar charts

The location-specific decile bars for rainfall and 
maximum and minimum temperature show the 
forecasted probability of a given range of rainfall or 
temperature outcomes. The chart can be accessed 
by selecting a location on the map or entering a 
location in the search function.

The forecasted probability of a given range of rainfall 
or temperature outcomes is compared with the 
typical probability of 20%, indicated as the dotted 
grey line in Figure 8. In this example, the forecast 
shows that 38 from 99 forecast model runs fell into 
deciles 1 & 2 (unusually dry weather) which is nearly 
twice more likely than the likelihood of median rainfall 
for that time of year. However, note that the likelihood 
of the other ranges remains. For instance, there are 
still 11 out of 99 model runs that fell into deciles 9 
& 10 (unusually wet weather) which means other 
outcomes (besides deciles 1 & 2) are still possible. 

The tool’s infographic includes the historical median 
rainfall, which in this example is a historic median 
rainfall of 61 mm for Clear Lake (VIC) during the 

Figure 7. Chance of 3-day totals map for Australia for the period of 21 March – 3 April 2023. Source: www.bom.gov.au  16/3/23.

https://www.youtube.com/watch?v=I5iqDl3qlr8
https://youtu.be/u8_je1NC3r4
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period February – April. In some locations the 
median rainfall can be 0 mm at certain times of the 
year. In those instances, the range of likelihood of 
rainfall falling in a certain historic range for the given 
period is not that meaningful. 

The star ratings beside the likelihoods indicate the 
past accuracy of the outlook. If the model has been 
reasonably successful at forecasting for this location 
and time during the past, it receives three out of 
three stars — a highly accurate result. Two out of 
three stars indicates medium past accuracy, and one 
out of three stars indicates low past accuracy.

Figure 8. Decile bars for the rainfall outlook at Clear Lake, Victoria, 
for February – April 2022. Reproduced from Agriculture Victoria’s 
eLearning course ‘Using seasonal climate prediction tools’.

Timeline graphs

Timeline graphs display a timeline of recent climatic 
observations from the previous weeks and months, 
against historic averages, to illustrate what might happen 
in the future. The box and whisker plots show the 
variability of the 99 model runs for the four weeks or 
five months ahead. To make it easier, the shading of the 
graph aligns with the markers of the box and whisker plot 
to show the recent rainfall deciles (recent average rainfall 
indicated by the solid black line) and the predicted 
deciles (predicted medians indicated by the dotted black 
line) as illustrated in Figure 9. The timeline graph can be 
accessed by selecting a location on the map or entering 
a location in the search function.

As with the decile bar charts, the timeline graph includes 
star ratings to indicate past accuracy for the outlook. 
The length of the whiskers and size of the box indicate 

the range of predictions. So, if most of the 99 model 
runs are within a tight range (compact box and shorter 
whiskers, e.g. July in Figure 9), it provides greater 
confidence in the prediction. However, as we’ve seen 
with the decile bar charts, any outcome is still possible.

Probability of exceedance

The probability of exceedance is a graph with lines 
representing the forecasted and historical data of 
a certain location for a particular rainfall total as 
shown in Figure 10. The graph can be accessed 
by selecting a location on the map or entering a 
location in the search function.

The red line in Figure 10 shows the likelihood of the 
chosen location receiving the median rainfall over 
the specified timeframe. In the example, Murray 
Bridge typically has a 60% chance of receiving 18.6 
mm rainfall, 40% chance of receiving 27.6 mm and 
20% chance of receiving 40.8 mm during October. A 
drier time of year would typically show a steeper red 
line, whereas a wetter time of year would decrease 
the slope of the red line.

The blue line in Figure 10 represents the forecast. It 
shows how often the 99 model runs exceed a range 
of rainfall values. A blue line below the red line would 
indicate a drier outlook. A blue line above the red line, 
as shown in Figure 10, indicates a wetter outlook.

Note the shading of the graph aligns with the 
defined deciles for rainfall summarised in Table 1 
and Figure 3a. Hovering over the graph brings up the 
percentage chance for the corresponding rainfall.

Key messages

• The four weather extremes of most interest to 
farmers are heat, cold, wet and dry.

• Meaningful interpretation of forecasting 
information enables better decision making, 
which is why it is important to understand the 
involved terminology. 

• The Bureau’s five climate outlook and forecasting 
tools provide additional context to forecast 
results by including the decile distribution of 
forecast model runs and the likelihood of them 
occurring, which helps you plan operations past 
the seven-day weather forecast.

• There are two types of tools: maps (the chance 
of extremes and the chance of 3-day totals) 
and location-specific graphs (decile bar charts, 
timeline graph and probability of exceedance).

2
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2

Figure 9. Five-month timeline graph for predicted rainfall in Dubbo, NSW. Reproduced from Agriculture Victoria’s eLearning course 
‘Using seasonal climate prediction tools’.

Figure 10. Rainfall outlook for the month of October 2022 at Murray Bridge, SA. Reproduced from Agriculture Victoria’s eLearning course 
‘Using seasonal climate prediction tools’.
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Tactical decision making  
in the dairy industry

Decision making
Decisions are made daily in a farming business. Some 
decisions relate to the day-to-day operation of the 
dairy business, such as when to spread fertiliser or 
drench the herd. This is operational decision making. 
Decisions made for the longer term of the business 
are strategic decisions and examples include deciding 
whether to invest in capital items, setting targets 
(such as return on investment and gross margin 
targets), and optimising labour use efficiency. Tactical 
decisions and plans are designed to achieve the longer 
term strategy, usually with a medium-term view  
(1 – 12 months). Examples of tactical decisions for 
a dairy business might include how to manage a 
feed deficit or surplus, rates and timing of fertiliser 
applications, and selection of pasture species.

A tactical climate sensitive decision is one where the 
time frame is within the season and the ideal decision 
depends on the weather. Examples include stocking 
rate, supplementary feeding, changing feed rations 
for dairy cows, and nitrogen application and rates on 
crops and pastures.

Information from FWFA is relevant to tactical 
or operational decisions, however, long-term or 
strategic decision making can be the most cost-
effective way to manage extreme events. Examples 
include constructing feed pads for wet weather on 
dairy farms, planting wind breaks, and constructing 
shade structures for heat events. Determining 
the costs and benefits of these decisions requires 
historical climate data and climate change 
projections on the frequency and severity of rare 
events. Historical climate data can be accessed via 
the Bureau’s website: http://www.bom.gov.au/. 
Under Our services, Climate and past weather, the 
rainfall and temperature records are available under 
Rainfall history and Temperature history.

Farmers deal with weather variability daily, influencing 
their operational decision making. This type of 
decision making is something we are more familiar 
(and comfortable) with, than those decisions around 
less frequent, but more impactful, extreme events. 
As a part of the FWFA project, the Bureau developed 
five tools to support short-term and medium-term 
decision making regarding extreme climate risks.  

As these tools focus on a seasonal timeframe, they are 
most suited to supporting on-farm operational and 
tactical decision making.

Figure 1. The three types of decisions (from Dairy Australia  
– Our Farm Our Plan)

Before you can use these tools effectively in your 
dairy business you need to fully understand the 
operations and assets of your business that can 
be affected by an extreme event. While we often 
focus on the risks of these events, it’s important to 
realise they may also create opportunities. Following 
are some examples of tactical decisions that can 
potentially mitigate these risks or capitalise on the 
opportunities. These are not designed to operate in 
isolation from a whole enterprise risk assessment and 
management plan, but rather to complement them.

Key messages

• A tactical climate-sensitive decision is one 
where the time frame is within the season and 
the ideal decision depends on the climate.

• FWFA tools are best used to support tactical 
and operational decision-making for managing 
extreme weather events.

3



Forewarned is Forearmed – forecasting tools for informed decision making 21

Key risks
A dairy business’ calendar of operations usually 
considers the seasonality of activities relevant to the 
location of the farm. Extreme weather events are 
highly likely to impact operations. 

The three extreme events of most concern to dairy 
producers are extended wet periods, extended dry 
periods (drought), and extreme high temperatures 
(heatwaves). These can affect pasture and feedbase, 
livestock health, infrastructure and operations, 
cashflow and social wellbeing. Each of these 
impact areas will be affected to different degrees 
by extreme events (e.g. extreme wet events are of 
particular concern during silage season) and may 
require different tactical responses. Some tactical 
responses are more relevant in cases when the 
duration of the extreme event is prolonged. 

Extreme events can disrupt business cashflow, 
irrespective of the industry in which the business 
operates. Additionally, extreme weather events can 
have a flow-on effect on commodity prices, with a 
range of possibilities that may create risks for some 
businesses and opportunities for other businesses 
(e.g. if production in one region is impacted by 
drought, this may drive up prices, meaning regions 
unaffected by the drought will benefit).

Tools such as farm management deposits or 
budget contingencies for unforeseen costs can aid 
a business’ financial security. Planning for these 
allowances can be part of a business’ strategic and 
tactical decision making. Ensuring ways of staying 
up to date with the availability of industry and 
government funding for extreme events is another 
way to manage some of the financial risks. These 
opportunities may involve funding for improving 
infrastructure, mitigating impacts of future extreme 
weather events, or recovery after an extreme event. 
These funding sources often lag an event or are not 
immediately accessible and can take time to move 
through regulatory processes. Such funding should 
not be relied on, and sound financial management 
with contingencies should be built into management 
of the business.

Social wellbeing is another area that can be 
impacted by extreme events. Mental fatigue from 
dealing with challenging circumstances, particularly 
when these events are extended, is not uncommon. 
Enduring losses or traumatic experiences related 
to an extreme event can impact mental health and 
affect relationships. Seeking support early, by being 

aware of your emotional wellbeing and the wellbeing 
of people around you, is invaluable. 

Extreme events can also cause workplace health 
and safety issues by affecting conditions in the 
workplace, including new hazards following extreme 
conditions. For example, an extreme heat event 
can impact the livestock and the people who work 
in such conditions. Tactical responses such as early 
starts or finishes to the workday can circumvent 
the need to work during the hottest time of 
day, reducing the risk of heat stress for people 
and animals. Other safety issues can involve the 
accessibility of the dairy and equipment in case of 
floods, or prolonged wet saturating ground and 
causing laneway breakdown. Having emergency 
policies and procedures in place, communicated, and 
understood by all staff can help mitigate risks and 
keep people and livestock safe from adverse impacts 
during extreme event. 

Understanding the extreme weather events your 
location and industry are susceptible to, is critical in 
planning and preparing responses for those extreme 
events. Establishing thresholds or triggers for your 
business can provide early warning to implement an 
extreme weather response ahead of its occurrence, 
and can potentially mitigate or reduce the impact.

Key messages

• The extreme events of most concern to the 
dairy industry are extended wet periods, 
extended dry periods (drought) and extreme 
high temperatures (heatwaves).

• Sound financial management with 
contingencies should be built into the business.

• Be aware of impacts on mental well-being – 
seeking support early for yourself or encourage 
those around you to do likewise.

• Use emergency procedures, communicated to, 
and understood by, staff, to help keep people 
safe during an extreme event.

• Be aware of the extreme weather events your 
location and industry are vulnerable to, and 
establish triggers or thresholds for response.

3
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Extended wet

Periods of extended wet weather can derail 
planned activities on the farm, affect livestock 
wellbeing and disrupt supply chain logistics. 

The Bureau’s timeline graph in combination with 
the chance of 3-day totals, can be used to get more 
insight in the probability of exceeding median 
rainfall and highlight the chance of three-day total 
rainfall exceeding, for example, a 50 mm rainfall 
event. Being a step ahead of a potential extreme 
weather event provides the opportunity to move 
livestock while the farm is still trafficable, organise 
agistment, or source suitable equipment to sustain 
the increased demand and logistics to feed in 
a sacrifice paddock or stand-off area (such as a 
feedpad). Figure 2 and Figure 3 provide an example 
of what an extreme wet event looks like using the 
probability of exceedance tool (Figure 2) and the 
chance of 3-day totals tool (Figure 3).

Flooding and soil waterlogging commonly results 
from an extended wet period. Flooding/waterlogging 
may occur at farm-level across multiple paddocks for 
an extended period of time, or/and on a larger scale 
across a wider region with major roads disrupted. As 
such, the range of issues associated with extended 
wet periods vary, depending on scale and impact. 
Subsequently, the treatments for/responses to, these 
issues will also vary.

One of the primary issues of waterlogged paddocks 
at farm-level is its potentially significant impact 
on pastures. The flow-on effects of waterlogged 
pastures include feed gaps resulting from damaged 
and reduced pasture growth and hence, reduced 
feed availability. Another flow-on impact could 
be the need for a significant pasture renovation 
budget following the extreme event, especially 
when considered in parallel with costs associated 
for additional feed due to subsequent reduced 
pasture availability in the grazing rotation when 
pastures are renovated.

Examples of potential responses to these issues 
include early offloading of young stock and dry 
cows from the milking platform and sacrificing a 
paddock to feed the milkers. Destocking would 
need to occur before larger scale impacts such as 
logistical breakdown when roads and laneways 
become too wet for trucks to access the property. 
A sacrifice paddock may be selected to provide 
safety from flood waters, allow better stock 

monitoring and feed management, and reduce 
pugging and damage to waterlogged areas. This 
could have a positive impact on both the livestock 
and the pasture-base, though places a greater onus 
on having reliable equipment and infrastructure.

Dairy producers have identified a range of 
challenges posed by extended wet weather, which 
are summarised in Table 1. Tactical responses are 
listed along with the areas of the business the 
response relates to. Some responses might be 
targeted at a specific issue, but in turn provide a 
solution for multiple impact areas.

Key messages

• Similar to droughts, extreme wet events 
can damage the feedbase long-term as well as 
creating short-term feed gaps due to reduced 
pasture growth and quality.

• Extreme wet events can also create animal 
welfare challenges. Floods are one extreme, but 
ongoing wet weather and wet muddy paddocks 
can also create animal health issues, particularly 
for vulnerable animals (e.g. pregnant cows, 
animals in the hospital mob and calves).

• Knowing extreme wet conditions are ahead 
can enable early preparations, such as moving 
animals to drier ground or areas with more 
shelter, ensuring supplementary fodder supplies 
are available or destocking (e.g. agisting young 
and dry stock).

3
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Figure 2. Example of the probability of exceedance tool, showing an extreme wet outlook for Swan Hill. Reproduced from 
Agriculture Victoria’s eLearning course ‘Using seasonal climate prediction tools’.

Figure 3. Example of the chance of 3-day totals tool, showing the chance of a burst event of at least 15 mm in three days between 5 Sep 
and 11 Sep 2022 for Australia. Reproduced from Agriculture Victoria’s eLearning course ‘Using seasonal climate prediction tools’.

3



Forewarned is Forearmed – forecasting tools for informed decision making24

Potential challenges Tactical response

Degraded pasture base 
due to wet conditions

Destocking early (e.g. agistment, sales)

Sacrifice paddocks

Stand-off areas for feeding

Budget for increased pasture renovation costs

Plan grazing rotation to rest paddocks most impacted by wet conditions

Feed or fodder deficit, 
due to reduced pasture 
growth and/or quality

Planning for supplementary feeding (review fodder on-hand, purchase options)

Destocking early (e.g. agistment, sales)

Pugging

Feed around edges of paddocks to reduce walking and pugging

Sacrifice paddocks

Stand-off areas for feeding

Plan grazing rotation to rest paddocks most impacted by wet conditions

Calving in wet conditions
Carefully move stock to sheltered and drier areas if possible

Stand-off areas for calving

Hypothermia (winter)
Monitor animal condition and health

Ensure access to shelter

Increased logistical 
pressure Reallocate labour and hire additional casual labour if required

Bogged machinery Stand-off areas for feeding

Pests and diseases Monitor animal condition and health

Reduced accessibility
Review grazing rotation and target more accessible areas

Stand-off areas for feeding

Stock loss/ mortalities

Ensure feed supply meets feed demand (supplementary feed stores sufficient 
and animals fed to meet their requirements)

Monitor animal condition score and health

Move animals out of flood prone or heavily waterlogged areas early

Table 1. Summary of challenges and responses associated with the impact of extended wet weather relevant to Australia’s dairy industry.3
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Drought 

Periods of extended dry weather, more commonly 
referred to as droughts, impact availability of 
resources such as water and feed. Growing seasons 
can be significantly reduced or absent altogether 
during periods of drought. 

Historical records can help to form a picture of 
the likely annual and growing season rainfall for a 
district. Utilise this knowledge to make strategic 
decisions about the types of enterprises to run or 
decisions about investing in major infrastructure 
(e.g. water storage or irrigation, or silos or barns). 
Considerations such as the frequency with which 
droughts have occurred in the past, and their 
duration, can aid strategic decision making and 
ensure the business’ continued viability.

On a different scale, less frequent or shorter 
droughts can cause considerable challenges for a 
business. Disruption to water supplies and reduced 
likelihood of drought-breaking weather requires 
tactical responses to manage limited water supply 
on the farm. Actions such as finding alternative 
water sources and managing existing water sources 
will lessen the risk of fully depleting water supplies 
and optimises catchment capacity to make the most 
of water stock in the event a drought-breaking rain 
when it finally occurs. For example, keeping livestock 
out of dam water maintains the quality of the 
residual and structure of the containment, prevents 
animal distress and mortality from bogging in low 
water mud and protects refill quality. 

An unusually dry period has varying impacts 
depending on the season and risk mitigation 
responses will vary accordingly. The Chance of 
extremes – Unusually dry tool could indicate the 
chance of rainfall being in the lowest 20% of the 
historical range for a specified time, ranging from a 
week to three months. So a dry outlook for spring 
might prompt a manager to secure supplementary 
feed early, in anticipation of increased demand over 
a dry spring and a potentially low-yielding harvest 
of silage and/or hay on farm. A dry outlook during 
autumn and winter might prompt reassessment 
of the feed budget and subsequent decisions on 
grazing rotations and plans to build a feed wedge 
over winter. An example of such a dry outlook for 
late autumn is shown in Figure 4 using the decile bar 
chart tool.

Dairy producers identified a range of challenges 
regarding the impact of drought, as summarised in 
Table 2.

Figure 4. Example of the decile bar chart tool, showing the 
probability of an extreme dry (decile 1 & 2) event in Deddington, 
Tasmania. Source: www.bom.gov.au 4/4/2023.

Key messages

• Droughts can affect the pasture and feed  
base in different ways depending on the  
season in which a (prolonged) extreme dry 
event occurs.

• Droughts can damage the feedbase long-term 
as well as creating short-term feed gaps due 
to reduced pasture growth and therefore 
generally require readdressing of feed budgets.

• Droughts can create animal welfare challenges, 
particularly for vulnerable animals (e.g. young 
stock, pregnant cows/ewes, lambing/calving 
animals), mainly due to inability to meet 
nutritional requirements.

• Knowing extreme dry conditions are ahead can 
enable early preparations, such as ensuring 
supplementary fodder supplies are available, 
drying off early or destocking (e.g. agistment of 
young and dry stock or sales).

3
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Potential challenges Tactical response

Degraded pasture base 
(lack of soil moisture, 
exacerbated by 
over-grazing)

Destocking early (e.g. agistment, sales)

Sacrifice paddocks

Stand-off areas for feeding

Budget for increased pasture renovation costs

Plan grazing rotation to optimise paddock rest

Feed or fodder deficit

Planning for supplementary feeding (feed stores available and feeding logistics)

Manage competition from feral and native animals

Post drought recovery plan for pastures

Drying off early

Reduced water supply
Alternate water source

Monitor and manage water provision proactively

Reproductive wastage
Retain (best) breeders

Drying off early to manage energy demand for foetus, maintenance and growth 
(if first or second calver) instead of milk

Stock loss (mortalities)
Destocking early (e.g. agistment, sales)

Monitor animal condition and health

Heatwaves

Periods of extreme high temperatures, otherwise 
known as heatwaves, can stress the farm 
management system and the underpinning biological 
systems. In areas of high fuel load, a combination of 
a prolonged dry event and a heatwave can lead to 
severe bushfires.

The Bureau’s chance of extremes maps indicate 
the chance of temperatures being in the highest 
20% of the historical range for a specified time, 
ranging from a week to three months ahead. 
Such notice could allow for prioritisation of tasks 
related to preparing the dairy yard, sheds or water 
infrastructure. Installing or repairing dairy yard 

sprinklers or prioritising maintenance works on 
the water infrastructure to allow for higher water 
flow and more secure water supply are examples 
of tasks that can be performed in anticipation of a 
forecasted heatwave.

Figure 5 shows an example of what a high chance 
of an extreme maximum temperature could look 
like using the chance of extremes map for maximum 
temperature. This example uses a three-month 
outlook for May to July. A heatwave is defined by the 
Bureau as an event of three or more days in a row 
when both daytime and night-time temperatures 
are unusually high in relation to the local median. 

Table 2. Summary of challenges and responses associated with the impact of drought relevant to Australia’s dairy industry.3
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Figure 5. Example of the chance of extremes map for maximum temperatures in the period between May and July 2023 for Australia. 
Source: www.bom.gov.au 4/4/2023.

As such, there is no single temperature threshold 
defined for a heatwave in Australia. Using tools, 
such as the decile bar charts or timeline graphs, for 
a location of interest can provide insight into what 
maximum temperature can be expected and how 
it compares to the median. The same can be done 
for minimum temperatures to see if they are also 
unusually high for the same period of time.

Pasture can be lost following a heatwave by direct 
radiative burning, dehydration, root burn and death 
due to hot soils and/or from fire damage. Knowing 
when a heatwave is forecast provides an opportunity 
to prepare and minimise risk. Dairy livestock are 
doubly impacted in heatwaves by increased body 
heat and decreased milk production when they 
are unable to reduce their heat load (heat stress). 
Examples of heat wave treatments for livestock 
include keeping the milkers closer to the dairy, 
adjustment of milking times and moving the herd 
away from the hottest parts of the day, and keeping 
livestock in areas where shade and water are readily 
accessible without too much walking required. 
Pasture responses includes keeping ample length 

on pasture to avoid root burn and hot soil, choosing 
pasture species more resilient to heat (i.e. deeper 
rooted varieties) establishing fire breaks and planned 
cool burns. 

Bushfires pose a serious risk to livestock, less to 
the pasture-base, which is likely to regenerate 
when conditions improve. Having in place an over-
arching bushfire plan, which can be reviewed when 
heatwaves are forecast, enables livestock locations 
and escape routes to be identified early. As an 
additional precautional valuable or vulnerable 
stock could be relocated early to areas at lower 
risk (e.g. with low biomass, irrigated paddocks or 
close to infrastructure that is likely to be defendable 
and protected). Establishing fire breaks is also an 
option with enough notice. Bushfires can promote 
pasture regeneration and enrich the soil, which 
both can promote growth of biomass. A reduction 
in pest pressure and new opportunities for land 
management can promote recovery. Establishing a 
post-fire recovery plan can help capture  
these opportunities.

3
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The overall wellbeing of animals and people is at 
risk during heat waves. Monitor animals and people 
exposed to extreme heat for signs of heat stress 
and act accordingly. For animals, this includes 
rescheduling planned handling or movement, if 
practicable. Providing adequate shelter and sufficient 
water are important, so leverage the Bureau’s tools 

to prioritise repairs and maintenance of shade 
and water supply infrastructure in a lead-up to a 
heatwave.

Challenges associated with heatwaves, as identified 
by dairy producers, are summarised in Table 3. 

Potential challenges Tactical response

Loss of pasture

Plant deeper rooted pasture species

Sacrifice paddocks

Stand-off areas for feeding

Budget for increased pasture renovation costs

Post-fire recovery plan for pastures

Heat stress

Shift stock handling times

Ensure shade/shelter access

Monitor livestock condition

Decline in conception rates Avoid joining over summer

Water supply
Alternate water source

Monitor and manage water provision proactively

Stock loss/mortalities
Monitor livestock condition

Monitor and manage water provision proactively

Table 3. Summary of challenges and responses associated with the impact of heatwaves relevant to Australia’s dairy industry.

Key messages

• Heatwaves can damage soils and pastures. 
One of the most effective ways of protecting 
soils and pasture roots systems is to have 
adequate ground cover to protect the soil 
from radiant heat.

• Heatwaves can create animal welfare 
challenges. Having insight in the probability 
of higher than usual temperatures can 
allow proactive prioritisation in ensuring 
animal welfare can be ensured should a 
heatwave occur.

• There is no single temperature threshold 
defined for a heatwave in Australia.

• Bushfire is also a risk during heatwave 
events. Knowing bushfire conditions are 
likely can enable early preparations, such as 
ensuring relocating livestock to safer areas or 
establishing fire breaks.

• Using the decile bar charts and timeline 
graphs in addition to the chance of extremes 
map for both maximum and minimum 
temperature provide insight in the 
temperature ranges to be expected. It can 
give an indication if a heatwave may be on 
the cards.

3
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Further resources

An overview of the Forewarned is 
forearmed project is available on the 
Climate kelpie website.

For any technical support in using the 
tools, contact agriculture@bom.gov.au

Online courses
Agriculture Victoria has produced some 
excellent online courses, including 
Climate Outlook tools from the  
Bureau of Meteorology, which can be 
accessed for free at https://agriculture.
vic.gov.au/support-and-resources/ 
elearning/climate-and-weather-courses

The Northern Australia Climate 
Program has developed the Climate 
Training Course – Forecasting for 
Decision Making, which can be 
accessed for free at https://nacp.org.
au/outreach/training/videos

Climate drivers
The following transcripts of the 
Climatedogs videos (http://www.
climatekelpie.com.au/index.php/
climatedogs/) provide extra 
information about the climate drivers. 

The roundup – introducing the Climatedogs

Meet the Climatedogs. They represent the climate 
processes that drive the rainfall variability across 
Australia. These working dogs love rounding up  
our rainfall.

From a farmer’s perspective, when they’re behaving, 
they bring moisture from the oceans and allow it to 
fall as rain – hopefully delivering the right amount 
at the right time. But they don’t always work how 
we’d like them to, and can sometimes scatter the 
mob, effectively chasing rainfall away from Australia. 
These dogs often work as a team, helping one 
another to bring about our wetter and drier seasons.

Over recent decades, some of these dogs have 
started to change their behaviour, contributing to 
the variability and changing weather patterns that 
many farmers have noticed. While we can’t control 
what these climate dogs are up to, there are tools 
that can assist farmers to keep an eye on the pack, 

helping to improve our understanding of seasonal 
forecasts and manage climate risks.

Introducing ENSO  
– The El Niño Southern Oscillation

The El Niño Southern Oscillation, or Enso, has a big 
influence on Australia’s climate and seasonal variability.

In a normal, or neutral, year, the Pacific Ocean 
trade winds blow from east to west, pushing moist 
air towards Australia. This moist tropical air is a big 
source of rain across many parts of Australia. But 
Enso’s behaviour can vary from year to year.

During La Niña, Enso chases greater amounts of 
moist tropical air across Australia. Many La Niña 
years have seen higher winter and spring rainfall 
across large parts of Australia. And in northern 
Australia, the first rains of the wet season tend to be 
earlier during La Niña years, along with an increased 
chance of floods and tropical cyclones.

During El Niño, Enso changes its mind and drives 
warm moist air away from Australia and towards 
South America instead. El Niño years have often 
resulted in a drier winter and spring for eastern 
Australia, as well as an increased chance of frost and 
heatwave events. Up north, El Niño can bring a later 
start to the wet season rains, with typically fewer 
tropical cyclones and floods.

Enso often teams up with the other Climatedogs to 
affect our seasonal rainfall. Climatologists closely follow 
Enso’s behaviour, looking at ocean temperatures, 
the SOI, and cloud and wind patterns to work out 
where it might chase that moisture next. So Enso is 
definitely an important dog to keep your eye on.

Introducing INDY  
– The Indian Ocean Dipole

This is the Indian Ocean Dipole, also known as Indy, 
who influences south-east and central Australia’s 
rainfall, mainly in spring. Indy likes to herd moisture 
from the warm north-east Indian Ocean across to 
south-eastern Australia. When this moist air meets 
up with southern weather systems, it can deliver 
significant rainfall. Some years, the north-eastern 
Indian Ocean is cooler than normal, meaning less 
evaporation and Indy can’t deliver as much moisture, 
usually meaning a drier spring in the centre and 
south-east.
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Historically Indy often likes to team up with 
Climatedog Enso, with both being a significant 
source of rainmaking moisture. In recent years, 
scientists have noticed that much of the Indian 
Ocean has been getting warmer, and that’s why they 
are investigating Indy’s behaviour, so we can better 
understand this Climatedog and improve our rainfall 
forecasts in the future.

Introducing Ridgy  
– The Sub-tropical Ridge

This is Ridgy or, as scientists like to call him, the Sub-
tropical Ridge. Ridgy is one of the major drivers that 
shapes southern Australia’s weather. So let’s look at 
how he does it.

As warm air rises in the tropics, moves south, then 
cools and falls, large areas of high pressure are 
created. This band of high pressure – in this case, 
Ridgy – is great at blocking rain-bearing fronts. From 
November through until April, Ridgy chases away 
cold fronts around southern Australia for days or 
even weeks at a time. When winter sets in, Ridgy 
heads north and cold fronts find it much easier to 
reach southern Australia and deliver their rain, until 
Ridgy returns again next November.

Ridgy travels north and south every year, but in recent 
decades he’s been getting more effective at chasing 
away cold fronts from parts of southern Australia, 
meaning more dry weather and later autumn breaks. 
The Bureau of Meteorology has observed that Ridgy’s 
increasing strength is related to the rising global 
average temperature. but the scientists are continuing 
to investigate how this climate dog might change his 
behaviour in the future.

Introducing Sam  
– The Southern Annular Mode

Meet Sam. Sam herds cold fronts up from the 
Southern Ocean, a significant source of rain for 
much of southern Australia. If we take a look at the 
Southern Ocean, we can see westerly winds roaring 
around Antarctica, throwing out cold fronts of stormy 
wet weather. The strength and position of these winds 
is known as the Southern Annular Mode, or Sam.

Sam is an unreliable climate dog, often changing 
behaviour over a matter of weeks. This can affect 
southern Australia’s rainfall in winter, and even 

parts of eastern and northern Australia’s rainfall 
in summer. When Sam is tied up, strong winds 
are pulled south towards Antarctica and there is 
a reduction in the number and strength of cold 
fronts that reach southern Australia, reducing winter 
rainfall.

When Sam is let off the leash, this can drive 
westerly winds further north, increasing the chance 
of cold fronts and rainfall across the southern 
states. But in summer, Sam acts a bit differently. 
If Sam is sitting further south, it can actually coax 
more moisture and summer rain over parts of 
eastern & northern Australia.

Sam’s behaviour is complicated, and is linked to what 
the other Climatedogs are up to. However, over 
recent decades Sam has been tied up more often, 
resulting in fewer cold fronts and less cool-season 
rainfall for parts of southern Australia. Scientists are 
watching this climate dog closely, hoping to tease 
out how it may impact our weather and seasonal 
climate variability down the track.

Introducing Eastie  
– East Coast Low-Pressure Systems

This is Eastie, better known as the East Coast 
Low. Eastie represents the deep low-pressure 
systems that are an important climate feature 
along the south-east coast of Australia. These deep 
low-pressure systems can be caused by upper-
atmosphere disturbances, decaying cyclones, 
existing low-pressure conditions or in the wake of 
passing fronts.

Scientists have found that Eastie tends to have a 
mind of his own and can be quite hard to predict. 
This energetic little dog can be triggered into action 
overnight causing strong winds, big surf, heavy rains 
and lots of rough weather. Eastie can appear all year 
round but typically prefers the seasons of autumn 
and winter. Even one-off events can dominate a 
region’s annual rainfall tally, explaining a lot of the 
seasonal variability east of the Great Dividing Range.

Eastie usually cares little about what the larger 
climate dogs are up to; however, scientists have 
noticed that Eastie can be a bit timid when Ridgy, 
with his high pressure, is around. Scientists continue 
to look into Eastie’s behaviour.

4
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Introducing MOJO  
– The Madden-Julian Oscillation

This is the Madden-Julian Oscillation or, as we like 
to call him, MOJO. He can have a big influence on 
Australia’s weather and climate, especially during the 
warmest months of the year.

Mojo runs eastward moving a pulse of cloud and 
rainfall close to the equator and travels around the 
earth every thirty to sixty days. Mojo sends a wave 
of weather across the Indian Ocean which can create 
cyclones and bring widespread rain events through 
parts of Australia. Scientists track these rain making 
waves providing updates on the intensity and timing 
of the next wave.

Mojo mainly affects northern Australia, but can 
influence rain events further south, especially if 
one of Mojo’s moisture waves feeds into a timely 
weather event down south. Mojo’s behaviour is 
often unpredictable, with periods of moderate to 
strong activity followed by periods of little or no 
activity, but this dog is well worth keeping an eye on.

La Niña and El Niño
La Niña and El Niño are two phases of the El Niño-
Southern Oscillation (ENSO) cycle, which is a natural 
climate pattern that occurs in the Pacific Ocean. Both 
La Niña and El Niño can have significant impacts on 
weather patterns in Australia.

La Niña is characterized by cooler than normal sea 
surface temperatures in the central and eastern 
Pacific Ocean, which can lead to increased rainfall 
and flooding in Australia. During La Niña, the Pacific 
Ocean trade winds strengthen, pushing warm water 
to the western Pacific and bringing cool water to the 
eastern Pacific. This can lead to a strengthening of 
the Australian monsoon, which results in increased 
rainfall and cooler temperatures in northern and 
eastern Australia, particularly during the summer 
months. La Niña can also lead to an increased risk of 
tropical cyclones and flooding events in Australia.

On the other hand, El Niño is characterised by warmer 
than normal sea surface temperatures in the central 
and eastern Pacific Ocean, which can lead to reduced 
rainfall and drought conditions in Australia. During El 
Niño, the trade winds weaken, allowing warm water 
to move towards the eastern Pacific. This can lead 
to a weakening of the Australian monsoon, resulting 
in reduced rainfall and warmer temperatures in 
northern and eastern Australia, particularly during the 
summer months. El Niño can also lead to an increased 
risk of bushfires and heatwaves in Australia.

Figure 1. The area affected by La Niña, when it occurs and how 
long it may last.

Figure 2. The area affected by El Niño, when it occurs and how 
long it may last.

The impacts of La Niña and El Niño on weather 
patterns in Australia can vary from year to year, 
and their effects are often not uniform across the 
country. Other climate drivers, such as the Indian 
Ocean Dipole (IOD) and the Southern Annular Mode 
(SAM), can also interact with ENSO to influence 
weather patterns in Australia.
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navigate the FWFA tools
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A1 Appendix 1 – how to access the FWFA tools

The Bureau of Meteorology has various tools and resources available on their website, accessible through 
www.bom.gov.au. The five climate forecast tools can be accessed through the homepage of the Bureau by 
clicking Climate and Past Weather under Our Services.

Please note: key website navigation items are indicated with a yellow box and FWFA exclamation (!) icon.
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From here, the Long-range forecasts can be found on the right side of the page.

The next page presents an overview of the climate outlook tools, with options for Overview, Rainfall and Temperature.

Both under Rainfall and Temperature, we have access to several maps. Most of us will be familiar with the 
Chance of above median. Below this, we can select our chance of extremes map by clicking on chance of 
extremes. For our chance of 3-day totals map, we can click on the chance of 3-day totals.

 

A1
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In the Rainfall – Chance of extremes setting, we can hit either Unusually dry or Unusually wet on the left side. 
It shows the map presenting the likelihood of that extreme. If we hit the magnifying glass on the map, we can 
search for any location in Australia by typing in the pop-up search box. Once the location is selected, a pin-drop 
will appear on the map and another pop-up will appear. This pop-up contains the other three tools, indicated 
with the icons on the top of the pop-up box. In order from left to right, they are the decile bar chart, the timeline 
graph and the probability of exceedance.

A1
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Figure 1. The chance of extremes map for unusually dry conditions displayed with the decile bar chart for Omeo (VIC), including markers 
to explain various features of the tools. http://www.bom.gov.au/ 18 April 2023.

Figure 2. The chance of extremes map for unusually wet conditions displayed with the probability of exceedance graph for Farleigh 
(QLD), including markers to explain various features of the tools. http://www.bom.gov.au/ 18 April 2023.

Appendix 2 – navigating the FWFA tools

The FWFA tools can be found by following the navigation instructions outlined in Appendix 1. This section 
refers to features of the FWFA tools to help explain how to use them.

A2
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Figure 3. The chance of 3-day totals map for unusually dry conditions, including markers to explain various features of the tool.  
http://www.bom.gov.au/ 18 April 2023.

Figure 4. The chance of extremes map for unusually wet conditions displayed with the timeline graph for Shepparton (VIC), including 
markers to explain various features of the tools. http://www.bom.gov.au/ 18 April 2023.

A2



Forewarned is Forearmed – forecasting tools for informed decision making 41

A2

Figure 5. The chance of extremes map for unusually warm conditions displayed with the decile bar chart for Gympie (QLD), including 
markers to explain various features of the tools. http://www.bom.gov.au/ 18 April 2023.

Figure 6. The chance of extremes map for unusually cool conditions displayed with timeline graph for a location in South Australia, 
including markers to explain various features of the tools. http://www.bom.gov.au/ 18 April 2023.
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Marker Description

A Selection of time scale from the ribbon: 1 week, 2 weeks, 1 month or 3 months

B Median temperature or rainfall (historical or forecast)

C Chance of an extreme (i.e. unusually cool/warm or dry/wet)

D Decile bar

E Forecast line in the probability of exceedance graph

F Climatology line in the probability of exceedance graph

G Selected rainfall on the X-axis with associated probability of exceedance

H Selection of a rainfall total in a chance of 3-day totals event

I Zoom function on the map

J Probability scale for a burst event with corresponding colour coding

K Selection of 4-week or 5-month forecast in the timeline graph tool

L Box and whisker plot

M Pop-up box with details for a box and whisker plot

N Probability scale with corresponding colour coding

P Upper limit of a decile in the decile bar chart tool

* Accuracy estimate/scale

X Location search function

Notes
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