Wheatbelt

Drought Resilience
Situational Analysis

- Australian Government Future GROWER South-West WA
= - Drought GROUP Drought Resilience Adoption
+*“ Department of Agriculture, Fund ALLIANCE and Innovation Hub

‘Water and the Environment Together we grow

This project received funding from the Australian Government’s Future Drought Fund




© Growers Group Alliance Inc 2022
Copyright Statement

Unless otherwise stated, the copyright in this Report is owned by
Growers Group Alliance Inc under the Copyright Act 1968.
All rights are reserved.

If you wish to use or copy material in this Report (other than as
permitted under the Copyright Act 1968), please seek permission
from the copyright owner. You must attribute the author of
material that you use or copy.



Working Draft

Table of contents to come

South-West WA Drought Resilience Adoption and Innovation Hub
Regional Industry Snapshots






+ Growing season rainfall across the WA
wheatbelt has dropped by as much as
50-60mm or 20% in some areas over
the past 90 years.

The traditional ‘break of season’ has

become later and more variable across

the wheatbelt, especially on heavier
soils.

+ The drop in growing season rainfall has
been associated with a one degree
warming trend and the amount of heat
during flowering and grain fill (Aug to
Oct) has increased since 2000.

+ Southwest WA has lost a third of its

10mm and 25mm rainfall events and

many of the estimated 200,000 farm
dams across the wheatbelt no longer
capture enough run-off — making them
unreliable during low rainfall years.

Crop yields have continued to increase

despite the drying trend, but yields

have become increasingly variable
since 2000 and the gap between
potential and observed grain yields is
beginning to close.

+ Improved on-farm water supplies
and efficiency gains in cropping and
livestock systems will be needed to
cope with the projected reductions in
rainfall and increases in temperature
expected with future climate change.
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Figure 1: Geographic spread of the Western Australian
wheatbelt and its port zones.

The Western Australian wheatbelt covers 25 million
hectares and runs from north of Geraldton, to

the south coast at Albany, east along the coast

to Esperance and inland to the east of Merredin.
About 70% of the wheatbelt (17.5 million hectares)
is cleared for agriculture and the area contains
about 5725 agricultural holdings across four port
zones — Geraldton, Kwinana, Albany and Esperance
(Figure 1).

Annual rainfall across the wheatbelt varies widely
from 700-900mm in the southwest through to
200mm in the northeast.

Of the cleared 17.5 million hectares, about half

(7—8 million hectares) is cropped each year with the
remaining area used for livestock. The wheatbelt
carries most of WA’s 14 million-head sheep flock
(80-90%) and about a fifth of the State’s two million
cattle herd. Wheat is the dominant crop grown
(55%)" followed by barley (28%), canola (10.5%),
lupins (<5%) and oats (<3%). Pulse production (field
peas, faba beans lentils, chickpeas) is relatively

low but increasing, especially in the Esperance

Port Zone. Canola has grown from a low base to
become a crop of major significance.
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About $6.5 billion in production value is generated
from the wheatbelt each year with about $5 billion
coming from crops and $1.5 billion from sheep
meat and wool.

Ongoing property consolidation has resulted in
average farm size across the wheatbelt increasing
considerably over the past 50 years. In 1966 there
were 22,900 farms with an average size of 546
hectares while now there is about a quarter of this
number (5,725) with an average size of more than
3,000 hectares. About 70% of properties larger than
3,000 hectares are managed by 30% of the region’s
farmers who collectively produce about two thirds
of the production.

Crop production

Over the past 100 years, average crop production
across the wheatbelt has increased from about two
million tonnes to more than 10 million tonnes each
year. For much of the State’s farming history this
crop production has been driven by an expanding
cropping area, but since 1980 increasing crop yield
has been the main driver (Figure 2). This increase in
average yield has occurred despite growing season
rainfall across the southwest of WA dropping by up
to 20% since the mid-1970s.

Working Draft

Improvements in technology, agronomy and crop
varieties have effectively increased the rainfall use
efficiency of wheat at a greater rate than rainfall has
declined in WA. It is estimated that wheat yields from
dryland farms in southern Australia increased from
about 35% of their maximum attainable water-limited
yield in 1980 to about 60% of attainable yield by
2021.8

A range of factors have contributed to the yield
increases:
+ genetically superior crop varieties
+ a better understanding of how crops grow and
interact with their environment
+ enhanced sowing technology enabling dry
sowing
+ more effective weed, disease and pest
management
+ more efficient fertiliser use
* soil amelioration.

If today’s WA growers were using the same crop varieties
and management practices as their predecessors 50 years
ago, the State’s average wheat yield would be about half of
today’s at just over 0.75t/ha.
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Figure 2. Change in average (grey line) and total (yellow line) crop yield vs total area of production (green line) in

Western Australia from 1865 to present day.

Source: Re-drawn from Angus (2011). Variety yield data from Perry and D’Antuono (1989)2. This version of the graph originally

appeared in the 2021 DPIRD Research Highlights.
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Livestock production

WA manages about 20% of the national sheep flock
with numbers across the wheatbelt having dropped
by more than half in the past 30 years — from about
32 million in 1992 to 14 million today (Figure 3). Over
the same period, cropping area has increased from
about 6 to 8 million hectares.

WA has 4000 sheep producers with about 80% of
these managing flocks of 500 or more sheep. The
number of breeding ewes sits at about 7 million
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Figure 3. Change in Western Australian crop area
(hectares) and sheep flock numbers over the past
30 years. Source: Agar et al (2020)*
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head and about 6 million head of sheep are currently
turned-off each season for domestic slaughter, live
export, or transfer interstate (Figure 4). Merinos
constitute about 85% of the WA flock — the highest
ratio in Australia with the remainder of the flock
Merino crossbreds, dual purpose and specialist
meat breeds. Wool production (2021) from the WA
flock accounts for 20% of national wool production
(67.5M kg).

— | jve Ssheep Sheepmeat
700
600
-
500 i/

Value of exports (A$ million)
5
o

Figure 5. Value of sheep meat exports (2007-2021).
Value of sheep meat exports has almost trebled since
2011. Over the same period, the value of live sheep
exports has declined by 50%.

Source: Kate Pritchett, DPIRD

China is WA's largest market for sheep meat (45%) with volumes
exported increasing over the past five years due to an outbreak
of African swine fever in the Chinese pig population, which has
caused a significant protein deficit in the country.
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Figure 4. Size of the WA sheep flock (green line) has hovered around the 14M head mark for the past decade. The
number of breeding ewes (orange line) sits at about 7M head. About 6M head of sheep (green bars) are currently
turned-off each season for domestic slaughter, live export, or transfer interstate. Ewes and lambs make up

between 80-90% of the flock. Source: Kate Pritchett DPIRD
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The WA sheep flock has restructured over the

past 30 years with the breeding ewe proportion of
the flock increasing and the proportion of wethers
decreasing largely in response to increasing sheep
meat vs wool production. Despite the fall in sheep
numbers over the past few decades, productivity

of the WA flock has increased with weight of lamb
produced per ewe mated increasing from 4 to 8kg
during the past 20 years. The value of sheep meat
exports has almost trebled in the past 15 years while
the value of live sheep exports has halved (Figure 5).

Over the past 30 years, WA's wool production has
declined in line with the drop in total sheep numbers

= GVAP (sheep meat) per head (sheep and lambs)
GVAP (wool) per head (sheep and lambs)

GVAP (wool and sheep meat) per head (sheep
and lambs)

Figure 6. Gross value of sheep meat and wool
production has increased significantly over the past
30 years, from about $25/head in 1990 to $93/head in
2021. Source: Kate Pritchett DPIRD

but wool production per head has increased and
this, along with a decrease in average fibre diameter
and an increase in price, has seen the value of wool
production increase significantly from about
$25/head in 1990 to $93/head in 2021 (Figure 6).

Given its vast geographic spread, growing season
rainfall (May—Oct) varies widely across the wheatbelt
and can range from as little as 200mm in the north-
east to 500-700mm in the south (Table 1). As a
result, the growing season can be as short as four
months in the north-eastern extremities and as long
as seven months in the far south-west.

Table 1: Change (%) in average annual rainfall across the WA wheatbelt between 1961-1990 and 1991-2021

Annual May-Oct
average
Albany Port Zone
Albany 906 671
Katanning 474 341
Geraldton Port Zone
Geraldton 437 362
Moora 450 348
Kwinana Port Zone
Northam 434 333
Merredin 328 220
Lake Grace 348 234
Esperance Port Zone
Esperance 646 471
Salmon Gums 342 207

Nov-April Annual May-Oct Nov-April
average

235 868 (-4%) 646 (-4%) 222 (-6%)
132 449 (-5%) 321 (-6%) 127 (-4%)
74 385 (-12%) 320 (-12%) 65 (-12%)
102 407 (-10%) 305 (-12%) 102 (0%)
98 403 (-7%) 299 (-10%) 103 (+5%)
106 326 (-0.5%) 206 (-6%) 120 (+13%)
114 385 (+11%) 206 (-12%) 134 (+18%)
175 613 (-5%) 428 (-9%) 185 (+6%)
135 378 (+10%) 200 (-3%) 178 (+32%)

*Data in brackets indicates change in rainfall over the past 30 years. Source: BOM data via Dr Meredith Guthrie DPIRD
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Figure 7. Change in annual rainfall across the Western Australian wheatbelt at Kojonup,
Corrigin and Dalwallinu over the past 90 years. Source: Dr Meredith Guthrie DPIRD
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Cropping dominates the southeast coastal
(Esperance Port Zone) and northern (Geraldton Port
Zone) regions while the central (Kwinana Port Zone)
and southern (Albany Port Zone) agricultural regions
are more mixed cropping-livestock.

Rainfall decline

In the mid-1970s the southwest of WA experienced
a noticeable drop in winter rainfall compared to the
previous few decades, and this was followed by
another, smaller, downward shift in the 2000s. As a
result, growing season rainfall has dropped by as
much as 50-60mm or 20% in some areas over the
past 90 years (Figure 7).

Crop yields

The decline in growing season rainfall has caused
a shift in rainfall isohyets and the historical 3t/ha
wheat yield potential line now sits 40 kilometres
towards the southwest (Figure 8). Figure 8 shows
the shift in 175, 225, 450 and 700mm growing
season rainfall isohyets for the period 1900-1999
compared with their location during 2000-2018. As
a result, some areas in the north-eastern wheatbelt
such as Mukinbudin now receive just 175mm (on
average) of growing season rain for crop production
while the percentage area cropped in the western
and south coastal regions has expanded as the
threat of waterlogging has declined.

The decline in rainfall has resulted in fewer wet
years and many more smaller rainfall years
across the wheatbelt with the traditional ‘break of
season’ (defined as 15mm of rain over three days)
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The traditional ‘break of
season’ (defined as 15mm
of rain over three days)
has become later and
more variable across the
wheatbelt — especially on
heavier soils.

becoming later and more variable across some of
the wheatbelt — especially on heavier soils. The
number of rain days above 2mm during the growing
season (April to July), have also declined across
the wheatbelt and crop yields have become more
variable since 2000 (Figure 9).

Temperature

The drop in growing season rainfall across the
wheatbelt has been associated with a one degree
warming trend — an anomaly compared to the
long-term average (Figure 10). The amount of

heat during flowering and grain fill (Aug—Oct) has
increased since 2000 and a wider area of the
wheatbelt is now experiencing 5-6 days of frost on
average.

e 16 E "y E arE e
n's
»'8
n's
M'S

) b
— 0 - 1934
— N0 - 2016

"e'E N e re 12°E et E

Figure 8. Shift in rainfall isohyets (left) and the 3t/ha potential yield line (right) over the past 100 years as the
climate has dried across southwest Western Australia. Sources: left: DPIRD and right: Fletcher et al (2020)°
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Figure 9. Western Australian wheat yields and annual rainfall (1955-2019). Source: DPIRD

In WA, average wheat yields have doubled over the past 30 years,
but since the end of the 1990s yield variability has increased and
the rate of yield increase has flattened. Yield increases have been
greatest in southern and northern areas and least in central and
eastern areas, while yield variability has been greatest in eastern
and northern areas.

Since 2000, the amount of heat during flowering
and grain fill (August—October) has increased.

1.5 I 1.5

1.0

0.5

Maximum temperature anomaly (°C)

-15 -1.5

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Figure 10. Annual maximum temperature anomaly in southwest Australia (1910-2021). Source: Bureau of Meteorology
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Run-off and farm water supplies

Compared with 40 years ago there is now
significantly less runoff and streamflow across
southwest Western Australia (Figure 11).

The region has lost a third of its 10mm and 25mm
rainfall events making its natural catchments less
effective. Modelling studies at the large water
supply catchment scale have shown that for every
one millimetre of lost rainfall about three millimetres
of run-off are lost — making it harder to fill dams.®

A ‘water deficiency declaration’ is a government
response to safeguard the commercial interests

of farmers during very dry periods. A declaration
occurs when a group of five or more farmers, within
a 20-kilometre radius, require water from an off-farm
source and must travel greater than a 40-kilometre
radius from their farm to get this. During 2020, a
record 12 water deficiency declarations were issued
for wheatbelt towns in the southeast and on the
south coast. Most farms in the region were down
by 75% of their dam water capacity and some had
lost 100% of supply and were forced to feedlot or
off-load their sheep flock. Without the rainfall that
arrived in 2021, many farmers would have had to
completely de-stock their properties.”

Farm water needs

Dryland agriculture across the wheatbelt is
estimated to require between 30 to 50GL of water
each year for cropping and livestock needs. About
5.5GL of this comes from scheme water with the
remainder (80-90%) needing to come from on-farm
supplies. The average large cropping farm (6000
hectares) requires an estimated 30 million litres of
spraying water each year while the average farm
dam might contain about four million litres of water
when full. Farms south of a line from Mandurah to
Corrigin have significantly less access to scheme
water than northern towns and must rely on farm
supplies alone. East of Hyden and Newdegate

and south of Nyabing and Kojonup and out to

Esperance there is no access to scheme water. In
2020 it was this area (and beyond) for which the
water deficiency declarations were made.

Many of the estimated 200,000 farm dams across
the wheatbelt no longer capture enough run-off —
making them unreliable during low rainfall years.

In addition, minimum tillage has significantly lifted
the efficiency with which rainfall is captured for
crop use, which in turn has increased the rainfall
threshold required for run-off to 20-50mm (a figure
less likely given the drying climate). With rainfall
expected to drop even further across the wheatbelt
over the next few decades, there is a need to
re-engineer farm dams to make them more efficient
at capturing run-off and minimise evaporation
losses. Technology such as polymers on roaded
catchments have been shown to lower the run-

off threshold to 4-6mm while plastic-covered
catchments can result in run-off at just 0.4mm of
rainfall.” Suspended and floating covers to reduce
evaporation losses are currently being investigated
by the WA Water Corporation.

Groundwater

Many thousands of gigalitres of groundwater

exist beneath the wheatbelt, and with favourable
economics and desalination, some of this could
form an important future source of agricultural and
community water. A growing number of farmers
across the region are trialling desalination units
and there is a project underway to investigate
community-scale desalination units in several
wheatbelt towns. It is estimated that about 50%
of the wheatbelt has access to water suited to
desalination. The challenge is to develop systems
that are economically viable, and which can
out-compete the cost of accessing emergency
water ($8-9/KL) and ultimately scheme water
($2.50/KL). If this cost barrier could be overcome,
desalination could secure farm water supplies across
the wheatbelt.
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Figure 11: Annual streamflow data (GL) across southwest Western Australia over the past 100 years
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Frost and dry seasons are the key profit drivers
of Simon Wallwork’s 3700-hectare mixed
farming operation at Corrigin. Wheat has been
dropped from the system entirely and sheep and
cattle introduced along with more frost-tolerant
barley, which is grazed in lieu of regenerative
annual pastures. The new approach has enabled
higher stocking rates and this, combined with
higher livestock prices in recent years, has
resulted in his sheep and cattle enterprises
generating higher gross margins than his crops.
Lifting his soil water holding capacity is a

major focus and Simon has been mouldboard
ploughing since 2014 to mitigate non-wetting
and increase rooting depth. EM38 surveys

have been done to map soil types across the

Drought is a severe risk to Dylan Hirsch’s
northern wheatbelt cropping operation with
return on capital averaging 10% but ranging
between -25 and +35 year-on-year. Traditionally
this has been managed by ensuring the business
has enough cash and unleveraged assets to
cope with successive poor seasons.

The Hirsch’s sow 100% of the cropping
operation dry and have done so since 2016

— getting the crop in early has been the main
driver of economic return along with chasing
moisture through deep seeding and removing
livestock from the system. Early sowing also
helps avoid the production risks of heat stress

in spring. The cropping system is based on

a range of yields and Dylan aims to produce
somewhere between 1-3t/ha. Canola and lupins
are important components of the cropping
rotation and Dylan is excited about the breeding
traits and technologies coming through for crops
in the low rainfall area. Deep ripping combined
with lime is used to increase soil water holding
capacity and rooting depth and mitigate

the region’s drier winters. Summer rainfall is
conserved through stubble retention. Average
paddock size is 300 hectares, which has created
economies of scale.

While land prices and profitability are increasing
so are input costs and the risk of crop failure.
The underlying philosophy of the farming

South-West WA Drought Resilience Adoption and Innovation Hub
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Corrigin farmers Simon Wallwork and Cindy Stevens

entire property. Soil amelioration has generated
significant yield responses — up to 900kg/ha in
the first year and 500kg/ha six years after the
initial plough.

Northern wheatbelt farmer Dylan Hirsch

business is to do ‘more with less’ by improving
efficiencies and increasing productivity. High
business equity and frugal expenditure have
worked to date but with more erratic seasons
expected, Dylan has been investigating financial
risk management products to hedge against dry
years. In the last few years, the Hirsch’s have
purchased weather derivatives which insure
against poor seasons using a predictive crop
water use efficiency that Dylan accesses via a
nearby Bureau of Meteorology weather station.
The insurance hedges against a dry year and
pays a premium in a better rainfall year. The
scheme is expensive — requiring an upfront

cost of $200,000 and averaging about $10/ha
but Dylan believes it provides greater financial
certainty for dry sowing, borrowing capital and
grain marketing decisions.
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Figure 12: Projected change in days above 34°C (top) and growing season rainfall (bottom) across southwest
Western Australia by 2050 compared with the past 30 years (1991-2020) Source: DPIRD

Table 2: Projected rainfall and maximum temperatures across the wheatbelt by 2050 under medium and high
emissions scenarios compared with recent climate (1991-2020)

Emissic_)ns Medium High Medium High Medium High
scenario

Katanning 391 (-10%) 353 (-19%) 47 (-4%) 40 (-18%) 23.0 (+5.8) 26.1 (+8.9)
Moora 395 (-4%) 347 (-16%) 47 (+2%) 37 (-20%) 61.9 (+15.1) 69.3 (+22.5)
Merredin 296 (-11%) 268 (-20%) 54 (-8.5%) 47 (-20%) 59.2 (+12.3) 67.0 (+20.1)
Salmon Gums 329 (-20%) 309 (-11%) 73 (-13%) 67 (-20%) 29.2 (+6.1) 32.7 (+9.6)

Medium emissions: Greenhouse gas emissions reduced substantially by end of the century, but not enough to stop continued
warming. Adaptation continues to become increasingly harder over time. High emissions: Rapid increases in greenhouse gases
continue towards the end of the century. Some systems are unlikely to be able to adapt to the large changes in climate.

*Jan-Dec. Source: Climate Services for Agriculture
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Each day with temperatures over 35°C during grain fill can
reduce wheat yield by 5%. In extreme temperatures sheep and
cattle can consume up to 80% more water.
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Climate change has already occurred across

the WA wheatbelt and even the most optimistic
emissions reduction scenario is expected to deliver
a further 1-2°C rise in average temperature by
2050 (Figure 12 and Table 2). The drying trend
experienced across the wheatbelt since the
mid-1970s is expected to continue with rainfall
projected to decline by 5-20% depending on
location (Figure 12 and Table 2).

The climate models have high confidence that there
will be less rainfall in winter and spring and that
annual rainfall will decline, but changes to autumn
and summer rainfall remain unclear.

As the atmosphere warms, it can hold more water
vapour, potentially leading to higher rainfall rates
from weather systems. While overall rainfall will
decline, there is medium confidence that the
intensity of heavy rainfall events will increase, but
low confidence in the magnitude of the change.

Drought

Under all emissions reduction scenarios there is
high confidence that the duration and frequency of
droughts in southwest WA will increase compared
to the present climate. Agricultural drought months
(defined as a month of extremely low soil moisture)
are projected to increase by up to 20% over

most of Australia by 2030 and up to 80% in the
southwest by 2070.

Working Draft

Run-off and stream flow

Projected climate change is expected to reduce
streamflow into dams and groundwater recharge
in western and south-western areas of WA.
Surface water and groundwater resources are
very sensitive to climate change and recharge is
expected to be greatly reduced. Projections are
for median streamflow to decline by 24% by 2030
and 45-64% by 2090 depending on emissions
reduction scenario. By 2030, potential evaporation
is expected to increase by about 2.5%. By 2090,
potential evaporation is expected to increase by
5-10% depending on emissions reduction scenario.

Future climate impacts

Across the wheatbelt, business and production risks
associated with future climate variability are expected
to increase, particularly in drier marginal areas.

In a 2020 social benchmarking survey of 180
farmers in the northern wheatbelt, led by Southern
Cross University and jointly funded by the Soil
CRC and the West Midlands Group, the top two
issues for the region were identified as weather
patterns (86%) and water security (77%).2 Survey
participants were specifically concerned about
temperature extremes on farm productivity (74%)
and the impact of uncertain or low returns on their
capacity to invest in the property (73%).

Table 3 outlines the major impacts of a drier, hotter
climate on cropping and livestock enterprises
across the wheatbelt. Table 4 summarises RD&E
done to date to address these impacts and the
unresolved issues requiring further work.

Roaded catchment can cause water to run after just 8-10mm of rainfall and with chemical treatment the
threshold for runoff can be as low as 4-6mm. Source: South West Catchments Council
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Table 3. Potential impacts of projected climate on cropping and livestock enterprises across WA wheatbelt.
Source: Adapted from Sudmeyer et al (2016)

Crops

Livestock

Crop yield is most affected by changes in rainfall, particularly its timing. Declining growing
season rainfall and lighter rainfall events will make evaporation losses more significant, and less
water will be stored deep in the soil.

Plant available water capacity of soils will become increasingly important in determining yield;
yield declines will be greater on clay soils compared to sands, particularly in drier eastern areas.

Dry autumn conditions can delay sowing and limit potential yield. Dry spring conditions can limit
water available for grain filling and result in small, pinched grain.

Higher temperatures, and to a lesser extent declining rainfall, will hasten development times and
reduce the flowering period.

Each day with temperatures over 35°C during grain filling can reduce wheat yield by 5%.
Temperatures above 32°C during canola flowering can cause flower abortion.

Crop yields may be largely unchanged or increase in wetter western and southern areas where
higher temperatures and reduced waterlogging will benefit crops.

Reduced rainfall and run-off = less captured water and water quality for spraying could be
compromised.

A later and more variable start to the growing season will increase production risk for pastures.
Deferred grazing of pastures at the break of season will likely become more important.
Supplementary feeding costs could increase.

Reduction in reliability of run-off into farm dams. Roaded and natural catchments will need to be
larger or amended with polymers or plastic to increase run-off and fill existing dams. Stock water
quality could become an issue.

Reduced rainfall and higher temperatures could reduce forage production by up to 10%. Flexible
lot-feeding or confined feeding systems will be needed to maintain or finish livestock in dry years.

In the higher rainfall areas of the south-west, increased temperature in winter and early spring
and reduced waterlogging could benefit livestock production by increasing forage production.

Increased temperatures during summer could increase heat stress of livestock leading to poorer
reproductive rates and increasing livestock water requirements.

Kingwell (2002) commented on crop-dominant farming systems in Australia that:

“. . .a switch into more cropping means a more capital-intensive business with greater demands for
working capital. With such a business structure a few poor seasons, especially if coupled with poor
prices, can rapidly cripple a farm business.”

Consistent with this view were findings by Lawes and Kingwell (2012) who found that the consecutive
years of drought in 2006 and 2007 greatly challenged the profitability of farm businesses in the
northeast part of the wheatbelt of Western Australia. Almost two-thirds of farms experienced a decline
in business equity over the period 2004 to 2009.

What innovations and technology interventions are needed across the low, medium and high rainfall
zones of the wheatbelt to maintain and grow business equity in the face of a drier, hotter more variable

climate?
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