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1 Introduction

1.1 THIS PROJECT

Climate change is changing irrigation crop water requirements as higher temperatures lead to higher
evapotranspiration and longer irrigation seasons.

The aims of the project are to:

= Develop, with industry experts, an appropriate methodology for determining future crop water
requirements of horticultural crops

= Estimate annual crop water requirements for a range of horticultural crops grown in the Mallee under a
changing climate

= Determine future water requirements in consideration with current irrigation management practices to
protect horticultural crops under a changing climate

= Assess likely future cooling requirements for table grape and avocado.

The Mallee CMA have overseen the production of Phases 1 and 2 of the project ‘Implications of climate change
on horticulture in the Victorian Mallee’. In these projects, nine commonly grown horticultural crops were
modelled to estimate future production impacts of a warming climate. The modelling also determined growing
season length and commodity-specific impacts such as the effect of chill requirements on nut crops, and fruit
colour and sugar development on table grapes.

An attempt to predict future crop water requirements was also made in Phase 2 and this proved to be more
problematic than first envisaged. Industry consultation determined that this issue is of particular interest and
importance to all horticultural industries. Therefore, it was proposed that this report concentrate on future crop
water requirements for horticulture in the Mallee.

1.2 PREVIOUS WORK

1.2.1 BACKGROUND

This section summarises the key documents and previous work relating to the implications of climate change
on horticulture in the Victorian Mallee. The summarised reports are:

= Phase 1 - Implications of Climate Change for Horticulture In The Victorian Mallee, Mallee CMA (Natural
Decisions, 2020)

= Phase 2 — Implications of climate change for horticulture in the Victorian Mallee Phase 2, (Natural
Decisions, 2022).

Table 1-1 below shows key aspects.
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Table 1-1: Summary of key aspects of Phase | and Phase Il.

ASPECT PHASE 1 PHASE 2

Crops Almonds - nonpariel Almonds — nonpareil
Citrus — Washington navel orange Avocados — Hass
Table grapes — Crimson seedless Citrus — Washington navel orange and

. . . . afourer mandarin
Wine grapes — Shiraz and Pinot Gris

Grapes for drying — Sunmuscat Grapes for drying — Sunmuscat
Table grapes — Crimson seedless
Wine grapes — Shiraz and Pinot Gris

Pistachios - Sirora

Climate model 5 x 5 km scale climate models and CESM1-CAMS5 Global Climate Model
projections developed by CSIRO (GCM) rendered to 5x5 km grids by the
Victorian Climate Projections 2019
RCP 8.5 (VCP19)
RCP 45-8.5
Horticultural model Catchment Analysis Tool (CAT) Catchment Analysis Tool (CAT)

Key findings are reported for each phase below.

1.2.2 PHASE 1 - IMPLICATIONS OF CLIMATE CHANGE FOR
HORTICULTURE IN THE VICTORIAN MALLEE

Phase 1 (Natural Decisions, 2020) of the project investigated yield impacts, growing season length and
irrigation requirements for citrus, grapes and almonds across the Victorian Mallee region. These (Natural
Decisions, 2022) were estimated using a generic heat unit modelling approach and applied to historic,
baseline, 2030, 2050 and 2070 climate scenarios. The modelling was conducted by superimposing Catchment
Analysis Tool (CAT) developed by Agriculture Victoria and the 5 x 5 km scale climate models and projections
developed by CSIRO.

Phase 1 of the project used the RCP? 8.5 scenario and crop responses based on average management. The
projected irrigation water requirements were predicted to decline. The crop types/cultivars selected and results
are provided in the table below:

Table 1-2: Crop irrigation requirement results from Phase 1

CROP TYPES/CULTIVARS LOCATION IRRIGATION REQUIREMENT (ML/HA)
BASELINE 2030 2050 2070
CHANGE

Citrus Washington navel Red Cliffs 11.7 11.9 11.6 . -3%
orange (BoM8 site
76052)
Table Crimson seedless Merbein 12.0 11.0 10.2 9.7 -19%
grapes (BoM site
76026)

2 Note on RCP - The Representative Concentration Pathway scenarios define the concentration of COzin the atmosphere over time.
For example, RCP 8.5 refers to the concentration of COzthat delivers global warming at an average of 8.5 watts per square meter
across the planet. The RCP 8.5 pathway is projected to deliver a temperature increase of about 4.3 degrees C by 2100 relative to
pre-industrial temperatures.
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TYPES/CULTIVARS LOCATION IRRIGATION REQUIREMENT (ML/HA)

BASELINE 2030 2050 2070
CHANGE

Wine Shiraz Mildura 8.1 7.6 7.2 -16%
grapes (BoM site
76031)
Pinot Gris Mildura 6.9 7.0 6.7 6.4 -1%
(BoM site
76031)
Grapes Sunmuscat Merbein 9.0 8.6 8.1 7.6 -16%
for (BoM site
drying 76026)
Almonds Nonpariel Robinvale 13.0 12.8 12.8 12.7 -2%
(BoM site
76053)

For all crops studied the irrigation requirements were projected to decline. This result was attributable to a
earlier harvest dates and a decline in yield. This was somewhat unexpected as a hotter climate suggests
irrigation demand will increase, however, that will only be the case if the yields and growing season length are
maintained.

Irrigation demands were estimated based on plant water needs (including post-harvest maintenance
requirements) and not what irrigators may choose to apply. Based on these assumptions, water inputs were
predicted to remain at similar volumes as under current conditions. The report suggested that because climate
models do not account well for extremes, plus a natural tendency for irrigators to make sure water is not
limiting, then in practice more water would be likely to be applied than the model predicted was needed.

Rainfall variability and extreme weather events were considered, but were not accounted for in the irrigation
demand calculations. Extreme rainfall events are expected to become more intense on average through the
century (high confidence) but remain very variable in space and time. Studies focused on the north-west region
of Victoria suggest that more frequent summer extreme rainfall events will occur and if this occurs, it will pose
additional disease, fruit quality and harvesting issues for horticultural crops. Additionally, extreme weather
events will also affect crop yields.

1.2.3 PHASE 2 —-IMPLICATIONS OF CLIMATE CHANGE FOR HORTICULTURE
IN THE VICTORIAN MALLEE

In Phase 2 (Natural Decisions, 2022) the project expanded the number of crops and cultivars studied and used
two approaches to estimate irrigation requirement:

= A modelled one and
= A projected non-dynamic method based on ETo x Kc.

Phase 2 used the average between RCP 4.5 and 8.5 for the climate scenario and the top 20% of best
management practices. The results of yield, growing season days (GSD) and GSD shortening were provided
for all crops. Estimating future water requirements for horticultural crops was challenging as the shortened
growing season had a significant effect on the anticipated increase in annual water requirements.

For the wintergreen crops (avocado, orange and mandarin), irrigation requirements were predicted to increase
over time, whereas for the deciduous crops (almond, grapes and pistachio), irrigation requirements were
predicted to increase more marginally. More work was recommended to establish whether these increases
are real or an artefact of the modelling approach.
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Table 1-3: Summary of Phase 2 findings on irrigation demand ML/haly by 2050

MODELLED MODELLED MODELLED KC X ETO KCX ETO
BASELINE RCP 4.5 RCP8.5 BASELINE
CLIMATE 2050 2050 CLIMATE 2050
Almonds 13.0 13.0 13.1 13.4 14.1
Avocados 12.0 12.8 13.0 13.0 13.9
Washington 9.0 10.6 10.8 111 11.9
navel
Sunmuscat 9.03 9.0 9.1 9.7 10.2
(dried grapes)
Crimson 10.1 10.1 10.1 11.9 12.6
seedless
(Table
grapes)
Shiraz (wine 7.0 6.8 7.0 9.3 (combined 9.7 (combined
grapes) with Pinot with Pinot
gris) gris)
Pinot gris 9.0 9.0 9.0 9.3 9.7
(wine grapes)
Pistachio 12.0 12.0 12.0 13.5 14.1

Phase 2 also provided a detailed analysis of the change in crop phenology that has been used to derive
climate-affected Kc values later in this report. These are listed in Appendix 1. It also considered misting cooling
requirements for avocados and table grapes.

3

requirements gives a value of 9 ML/ha

Reported as 13 ML/ha but this is likely to be an error as it included 4 ML/ha of winter water requirements when dormant. Removing winter
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2 Method

2.1

The Mallee CMA have overseen the production of Phases 1 and 2 of the project ‘Implications of climate change
on horticulture in the Victorian Mallee’. In these projects, nine commonly grown horticultural crops were
modelled to estimate future production impacts of a warming climate. The modelling also determined growing
season length and commodity-specific impacts such as the effect of chill requirements on nut crops, and fruit

RATIONALE

colour and sugar development on table grapes.

An attempt to predict future water requirements was also made in Phase 2 and this proved to be more
problematic than first envisaged. Industry consultation determined that this issue is of particular interest and
importance to all horticultural industries. Therefore, it was proposed that this report focus on future water

resource use implications for horticulture in the Mallee.

The method used in this report considers the change in water requirements as a result of climate change. The

climate affects:

= ETo through temperature, wind, cloud cover and other inputs that determine ETo,

= the timing of crop phenology (e.g. bud burst and harvest dates) which in turn affects Kc values through

the season; and also

= the change in effective rainfall (ER).

Therefore, the method has been to examine:

= Change in ETo (using CSIRO projected changes in ETo and pan evaporation projections)

= Change in Kc (considering crop phenology)

= Changein ER.

The irrigation requirement assumes an 85% efficiency is applied to the crop water requirement. This is shown

in the schematic diagram provided in Figure 2-1.

®
9,

ETo (1+/A% ETo)

ETo (1 +/A% Pan Evaporation)

Irrigation _
requirement

(ETo  x

l

Historical Kc values
adjusted to the new
phenclogical dates
provided in Phase Il

Figure 2-1: Irrigation requirement calculation

Kec -
!

ER (1 +A% Rainfall)

l

ER) / 0.85

Sources:

A% ETo Australian Water Outlook, Bureau of Meteorology (2024)

4% Pan Evaporation’ Mallee climate projections, CSIRO (2019)

A% Rainfall Mallee climate projections, CSIRO (2019)
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The above calculation was considered for each of the following crops:

=  Almond
= Avocado
= Citrus

=  Wine grapes

= Table grapes
= Dried vine fruit
= Pistachio.

2.2 CLIMATE PROJECTIONS

Climate change is changing irrigation crop water requirements as higher temperatures lead to higher
evapotranspiration and longer irrigation seasons.

According to the Victorian Climate Projections 20194 (Clarke JM, 2019 (Updated 19th February 2020))
indicates that when compared to the 1986—2005 sequence, the climate of Swan Hill could be more like the
current climate of Balranald, NSW, and the climate of Mildura could be more like the current climate of
Menindee, NSW by the 2050s. The report indicates:

= Maximum and minimum daily temperatures will continue to increase over this century (very high
confidence)
= By the 2030s, increases in daily maximum temperature of 0.8 to 1.6°C (since the 1990s) are expected

= Rainfall will continue to be very variable over time, but over the long term it is expected to continue to
decline in winter and spring (medium to high confidence), and autumn (low to medium confidence), but
with some chance of little change

= Extreme rainfall events are expected to become more intense on average through the century (high
confidence) but remain very variable in space and time.

The impacts on crops in the Mallee Region are expected are tabulated below.
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Table 2-1: Climate change scenarios® (Clarke JM, 2019 (Updated 19th February 2020))

CLIMATE
PARAMETER

Daily temperature

PROJECTION FOR THE MALLEE REGION

Maximum and minimum daily temperatures will continue to
increase over this century (very high confidence)

Under the high emissions scenario, maximum temperatures in
the Mallee region are expected to show a median increase of
1.3°C by the 2030s (2020- 2039), compared to 1986—2005. By
mid-century, the increase is likely to be greater, with a median of
2.2°C. Under medium emissions, the mid-century maximum
temperatures increase by a median of 1.7°C.

Increases in minimum temperatures are expected to be smaller,
with a median of 0.8°C by the 2030s and 1.6°C by the 2050s
(2040-2059) under high emissions.

On average between 1981 and 2010, Mildura experienced 7.8
days per year when the temperature exceeded 40°C. By the
2050s under high emissions, this is expected to increase to
between 15 and 23 days. The increase is slightly less under
medium emissions, reaching 11 to 17 days on average.

Minimum (usually overnight) temperatures are also expected to
increase. Frosts are expected to become less frequent over time.
However, it is possible for there to be an increased risk of frost in
some regions and seasons when cold clear nights persist longer
than is suggested by the projected change in minimum
temperature. Over time the effect of increasing minimum
temperatures is expected to gradually overpower the other
effects and lead to a decrease in frost risk. Between 1981 and
2010 Mildura experienced 3.8 days/y with below zero degrees C.
This is expected to change to 1.8 with high emissions scenario
and 2.4 days with medium emissions scenario.

IMPACT ON
INDUSTRY

* Heat stress to
depress some plant
growth in summer

* Reduce cold stress
in winter, possibly
earlier bud burst
and later leaf drop
for deciduous crops
and annuals

Increased growth
and water demands
for non-deciduous
e.g. citrus in cooler
months

Possible reduced
frost risk for a given
date, but not by
crop if bud burst is
earlier.

More extreme

Evapotranspiration
(ET)

increase by 22% in summer and 14% to 18% across the year
based on modelled change in pan evaporation. Higher increases
(>100% were predicted for summer by 2080-99 using RCP8.5)
See Figure 2-2 below.

Potential evapotranspiration will increase under higher
temperatures because of the higher amount of energy available
for evapotranspiration. In potential evapotranspiration
formulations, the increase in potential evapotranspiration largely
comes from the increase in vapour pressure deficit driven by
higher temperature.

Rainfall Rainfall in Victoria has declined in most seasons over recent " VIC
decades, with the greatest decreases in the cooler seasons. The rainfall events
Mallee region’s rainfall is naturally highly variable and this natural Increases
variability will dominate the rainfall over the next decade or so. waterlogging risks
Over time, annual rainfall totals are likely to decline, particularly ) :\r/]I()Srl(Jeﬁf]Ir(:](();:lng loss
under high emissions, with the greatest drying in spring. By late- ] R
century under high emissions, the climate change trend becomes | * Higher irrigation
obvious compared to natural variability with a median of 21% demands in winter
decrease in annual totals, larger (35%) in spring. and spring

Potential ET drives irrigation demand. By the 2030’s this is expected to * Increase irrigation

demand in ML/ha
for a given crop
area

Pan evaporation is well correlated with ETo and was used for many years with pan factors (Kp) to estimate
crop water use before ETo was widely available. Therefore the pan evaporation projections (percentage
increase from historic) in the above report have been used to estimate potential changes in ETo. The
projections are tabulated in Figure 2-2: below using (Clarke JM, 2019 (Updated 19th February 2020)).

5 https://www.climatechange.vic.gov.au/ _data/assets/pdf file/0033/429882/Mallee-Climate-Projections-2019 20200219.pdf (accessed 15 January
2024)
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The BoM have also published an Australian Water Outlook (Bureau of Meteorology, 2024) for the impacts of
climate change on ETo in the Murray Basin. This data has been used to provide an estimate of the percentage
change in baseline ETo established in the period 1975 to 2005. However, this is not ideal as the calculation of
ETo in the Australian Water Outlook is based on changes to the baseline of the Australian-developed ‘tall crop’
ETo. While the method is technically correct, it is not the same as the FAO 56 ETo (short crop) method that
has been used to derive commercially used Kc levels in the Mallee Region for decades (shown in Appendix
2).

This study uses the FAO 56 method to determine the baseline ETo, as it is the long-established method, that
has been used to determine Kc values for commercial Mallee crops. It is understood from discussions held
with CSIRO, that projections for FAO56 short crop are in the process of being produced and will be made
available. We have accommodated this to be included in the future within the spreadsheet accompanying this
report.

In this study, the future climate scenarios included within the spreadsheet model are:
= Australian Water Outlook projected percentage changes in ETo (tall crop) for 2030, 2050, 2070 with
RCP 4.5 and RCP8.5 using the median values of 16 models for each season

= Modelled pan evaporation pan percentage changes as tabulated (Clarke JM, 2019 (Updated 19th
February 2020)) for 2030 (2020-2039) and 2050 (2040-2059)

= For user scenario testing a manual input of percentage change to baseline ETo and ER for each month

= Provision for CSIRO projections (2024) for ETo derived with FAO56 short crop. At the time of writing,
this is not yet available.

These percentage change projections are tabulated in the following section 0.
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Mallee Climate Projections 2019

Table 4. Summary of changes (compared to 1986-2005) for selected climate variables (median, 10th and S0th percentile)
from new 5 km downscaled results for greenhouse gas emissions scenarios RCP 4.5 (blue, 1st row) and RCP 8.5 (red, 2nd row).

Variable Season Emissions Projected changes
scenario 2020-203% 2040-2053 2080-2099
Relative humidity (%)  Annual RCP4.5 -19(-3.2t0-0.2) 2.6 (-4.51t0-0.3) -3.1(-7.5t0-1.3)
RCP8.5 -24(-4510-0.3) -3.7(-53t0-0.8) -7.3(-85t01.0)
Summer  RCP45S  -10(33t0-03)  -13(29t001)  -27(61t008)
RCP8.5 -19(-3.8t00.4) -3.0(-3.6t0-0.2) 40(-53t032)
Autumn RCP4.5 -2.0(-3.9t024) -1.7(4.8t0 1.5) 2.6(-59t00.2)
RCP8.5 -1.6(-5.2t0-0.5) -32(-4.91t0-0.5) 7.3(-8.1t021)
Winter RCP4.5 -14(-2.1t00.0) -1.5(-3.2t0 1.0) -2.0(-6.8to0-1.0)
... RCP85  -l2(4lto0l) 22(46to-14)  -64(86t0-07)
Spring RCP4.5 -35(-5410-04) -45(-9.2t0-1.5) -6.0(-11.8t0-4.1)
RCP8.5 -46(-55t0-0.9) -7.1(-83t0-0.5) -11.9(-14.0t0-0.7)
Panevaporation (%)  Annual  RCP45  144(99t022.1)  245(103t0293)  3L5(278t0580)
RCP8.5 17.7(86t023.4) 32.5(16.5t041.6) 66.4 (23.7t0 86.9)
Summer RCP4.5 226(93t042.4) 314(20.4t054.2) 485 (39.7t090.7)
RCP8.5 21.9(13.8to426) 47.8(299t074.1) 103.7 (38.9 to 144.3)
Autumn RCP4.5 12.1 (-5.0t0 16.7) 13.7 (2.6 t0 25.8) 21.2(11.3t040.3)
. RCP8.5 10.8(39t02L.1) 223 (10.710 26.8) 48.0 (14.6 10 56.9)
Winter RCP4.5 35(0.8t05.3) 43(-19t0113) 9.8{4.9t021.6)
RCP8.5 41(-03t07.7) 82(3.7to 11.5) 19.2 (5.9t0 30.8)
spring  RCP45  233(140t0319)  360(185t0498)  493(39810820)
RCP8.5 25.7(149t031.2) 48.9 (19.9 to 60.6) 92.1 (364 to 119.4)
Solar radiation (%) Annual RCP4.5 16(04t02.1) 15(03t02.3) 22(12 to 4.5)
RCP8.5 13(0.3t02.3) 20(02t025) 34(-06t04.6)
Summer RCP4.5 0.2(-02t01.9) -02{-14100.8) 0.1(-15t02.2)
RCP8.5 0.3(-15t013) 0.3(-0.8to L.3) 0.2 (-3.1to 1.2)
Autumn RCP4.5 1.1(-03t03.2) 12(-11t02.6) 0.9(04to25)
RCP8.5 15(-0.8t04.5) 19(-09t03.9) 42(-19t06.0)
Winter  RCP45  26(19t036)  36(04t048)  48(26t0102)
RCP8.5 35(04t04.4) 52(32t07.3) 9.4 (4.7t012.0)
spring  RCP45  24(01t032) 23(13t045)  36(28t067)
RCP8.5 16(0.7t02.8) 24(07to36) 49(13t06.4)
Surface wind speed (%) Annual RCP4.5 -1.3(-1.9t00.1) -0.8(-2.0t0 0.5) -1.2(-1.6t004)
RCP8.5 -15(-2.6t00.2) -1.0(-22t0-0.3) -1.7(-4.0t0 04)
Summer RCP4.5 -0.5(-2.2t00.3) -0.9(-2.1t00.7) -10(-1.6t0 0.5)

Autumn RCP4. -1.1(-2.7t004) -1.3(-2.3t004) -1.5(-4.0t0 0.0)
RCP8.5 -16(-3.7t0-0.9) -2.0(-2.3t0 0.5) -26(-44t0-12)

Winter RCP4.5 -3.5(-491t0-1.1) -23(-42t0-0.7) -19(-3.6t0-0.3)
RCP8.5 3.1(-4.7t00.5) -3.3(-5.9t0-15) -47(-80t0-0.8)

Spring RCP4.5 0.6 (-1.5t02.0) 05(-14t03.3) 05(-02t03.1)
RCP8.5 0.5(-27t0 1.8) -0.3(-1.0t02.2) (-1.6t04.2)

1.4)”7 ;

e

Figure 2-2: Mallee Climate Projections 2019. The source for pan evaporation percentage increases

IMPLICATIONS OF CLIMATE CHANGE ON THE WATER REQUIREMENTS OF HORTICULTURE IN THE VICTORIAN MALLEE -
PHASE 111



2.3 CHANGE IN EVAPOTRANSPIRATION

ETo specifically refers to evapotranspiration from a reference stand of actively growing, well-watered grass,
120 mm in height. For practical purposes, ETo provides a workable representation of the water requirements
of good productive pasture on an irrigated farm®. The process of using ETo data for irrigation scheduling on
crops other than pasture is to multiply ETo by a crop coefficient Kc. The crop coefficient (Kc) varies through
the season depending on canopy cover and the crop’s phenological stage. Common FAO 56 crop coefficients
used in the Mallee are tabulated in Appendix 2.

Australian research scientists prefer to use the ETr (ETo tall crop) calculation, which is different to the FAO 56
ETo (short crop) reported by BoM at Mildura. But is difficult to use ETr as it does not have widely reported Kc
values. Therefore, in this study, FAO 56 ETo (short crop) has been used.

It should be noted that demands (ETo x Kc) to calculate water requirements have no allowance for irrigation
system non-uniformity, system losses or leaching requirement. In this study, an irrigation efficiency of 85% has
been assumed for all climate scenarios. This percentage is a well established method of estimating irrigation
requirements in the Mallee.

Future climate ETo has been derived by multiplying a percentage change to the 1975—-2005 baseline for SILO
ETo (FAO56 short crop) at Mildura BoM weather station. The Mildura baseline values are shown below.
Table 2-2: Baseline historic ETo (FAO 56 short crop) for Mildura 1975-2005 source SILO database

| Lo aveser oot nov | oec | an | reo | uar L arsuax Loun [ avnuad]

‘ETO‘46‘66‘93‘137‘171‘202‘209‘175‘147‘ ‘ ‘41‘1443‘

The future climate is modelled by multiplying the baseline ETo above with the following percentage increase
associated with each projection shown in Table 2-3. These percentage increases were sourced from the BoM’s
Australian Water Outlook (which uses ETo tall crop, also known as ETr) and the change in pan evaporation
published by the Mallee Climate projections. A key assumption is that the percentage increase will be the
same for ETo short crop as ETo tall crop projections or for pan evaporation projections. But due to the
uncertainty of this assumption these results should be considered interim and be updated when CSIRO’s ETo
short crop projections are made available.

It should also be noted that the modelled pan evaporation projections are based on a 1986-2005 baseline,
fortunately for Mildura, there is little difference between this and the 1975—-2005 baseline used by the Australian
Water Outlook so the baseline differences in both evaporation pan and ETo are very small and can be ignored.

CSIRO are currently developing projections for ETo short crop. Provision for including this has been built into
the spreadsheet model — ETo short crop (2024).

Table 2-3: Climate change scenarios for ETo

ETo (tall crop) RCP4.5-2030 4.5% 4.5% 4.1% 4.1% 4.1% 1.7% 1.7% 1.7% 3.8% 3.8% 3.8% 4.5% # Australian Bureau of Meteorology
ETo (tall crop) RCP4.5-2050 6.2% 6.2% 5.5% 5.5% 5.5% 2.8% 2.8% 2.8% 4.1% 4.1% 4.1% 6.2% # Australian Bureau of Meteorology
ETo (tall crop) RCP4.5-2070 7.1% 7.1% 7.8% 7.8% 7.8% 3.4% 3.4% 3.4% 6.0% 6.0% 6.0% 7.1% # Australian Bureau of Meteorology
ETo (tall crop) RCP8.5-2030 4.2% 4.2% 5.4% 5.4% 5.4% 1.8% 1.8% 1.8% 3.9% 3.9% 3.9% 4.2% # Australian Bureau of Meteorology
ETo (tall crop) RCP8.5-2050 7.1% 7.1% 7.8% 7.8% 7.8% 3.3% 3.3% 3.3% 5.7% 5.7% 5.7% 7.1% # Australian Bureau of Meteorology
ETo (tall crop) RCP8.5-2070 9.9% 9.9% 11.7% 11.7% 11.7% 5.3% 3.4% 5.3% 8.0% 8.0% 8.0% 9.9% # Australian Bureau of Meteorology
PanEvap RCP4.5-2030 3.5% 23.3% 23.3% 23.3% 23.3% 22.6% 22.6% 22.6% 121% 12.1% 3.5% 3.5% Mallee Climate Projections 2019
PanEvap RCP4.5-2050 4.3% 36.0% 36.0% 36.0% 36.0% 31.4% 31.4% 31.4% 13.7% 13.7% 4.3% 4.3% Mallee Climate Projections 2019
PanEvap RCP8.5-2030 4.1% 25.7% 25.7% 25.7% 25.7% 21.9% 21.9% 21.9% 10.8% 10.8% 4.1% 4.1% Mallee Climate Projections 2019
PanEvap RCP8.5-2050 8.2% 48.9% 48.9% 48.9% 48.9% 47.8% 47.8% 47.8% 22.3% 22.3% 8.2% 8.2% Mallee Climate Projections 2019
ETo short crop CSIRO (2024) RCP4.5-2030 CSIRO expected research results
ETo short crop CSIRO (2024) RCP4.5-2050 CSIRO expected research results
ETo short crop CSIRO (2024) RCP4.5-2070 CSIRO expected research results.
ETo short crop CSIRO (2024) RCP8.5-2030 CSIRO expected research results.
ETo short crop CSIRO (2024) RCP8.5-2050 CSIRO expected research results
ETo short crop CSIRO (2024)  RCP8.5-2070 CSIRO expected research results

8 https://agriculture.vic.gov.au/__data/assets/pdf_file/0008/577025/What-is-evapotranspiration-and-how-do-I-use-it-to-schedule-irrigations-Tech-
Note.pdf
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Note the pan evaporation percentage change projections are significantly higher and 2070 projections for pan
evaporation are not available.

2.4 CHANGE IN CROP COEFFICIENTS (KC)

Crop coefficients (Kc) are crop-specific values that adjust the evapotranspiration of a reference crop to a range
of crops. By combining a specific crop Kc with daily reference Evapotranspiration (ETo) observations from a
nearby weather station, the crop water usage can be estimated and advice can be provided regarding the
amount of irrigation to be applied.

Initial investigations looked at Kc values derived from the same crop at different latitudes using IrriSAT?, but
the variation within crops at the same latitude was too great to be able to pick up any differences due to latitude,
so this method was not used. For example, it was found that almonds grown 50 Km north of Wentworth had
similar bud burst and leaf drop periods to those near Robinvale.

The adopted baseline Kc values are listed in Appendix 2. These have been well tested in the Mallee Region®
and have been adopted for the crops to determine baseline /historic demand in this study. However, the crop
phenology is expected to change with climate change as shown in Appendix 1, derived from Phase 2. This
has been used to inform the Kc for different climate change scenarios/projections as shown in Table 2-4. Kc
values were modified following consultation with David Oag, an experienced horticultural agronomist, which
confirmed that leaf drop date will remain relatively constant for all crops in a warming climate. Experience has
shown that warmer climate areas in Queensland have approximately the same leaf drop date as the same
crop in cooler climate areas further south, despite earlier bud burst and harvest times.

7 IrriSAT v2 is a weather based irrigation scheduling service. The IrfiSAT v2 methodology uses satellite images to determine the Normalized Difference
Vegetation Index (NDVI) for each field, from which the plant canopy size can be determined and a specific crop coefficient (Kc) can be estimated.
IrmMSAT was developed by CSIRO and Deakin University with Cotton Research & Development Corporation, NSW DPI and others. See
https://www.irrisat.app/

8 The baseline Kc values used in Appendix 2 were developed by the SA irrigated Crop Management Service in the Riverland and have been found to
be equally suitable for the Victorian Mallee due to similar production systems.
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Table 2-4: Revised Kc values due to changes in crop phenology (%sa refers to shaded area)

Almonds 90%sa RCP4.5-2030 0.16 0.32 0.57 0.89 1.04 1.04 1.03 0.99 0.81 0.81 0.00 0.00
Almonds 90%sa RCP4.5-2050 0.16 0.32 0.57 0.89 1.04 1.04 1.03 0.88 0.81 0.81 0.00 0.00
Almonds 90%sa RCP4.5-2070 0.32 0.44 0.73 0.96 1.04 1.04 1.03 0.88 0.81 0.81 0.00 0.00
Almonds 90%sa RCP8.5-2030 0.32 0.32 0.57 0.89 1.04 1.04 1.03 0.99 0.81 0.81 0.00 0.00
Almonds 90%sa RCP8.5-2050 0.32 0.57 0.89 1.04 1.04 1.04 1.03 0.95 0.81 0.81 0.00 0.00
Almonds 90%sa RCP8.5-2070 0.44 0.73 0.89 1.04 1.04 1.03 0.99 0.81 0.81 0.81 0.00 0.00
Avocado RCP4.5-2030 0.61 0.73 0.81 0.85 0.85 0.85 0.85 0.83 0.78 0.67 0.60 0.61
Avocado RCP4.5-2050 0.61 0.73 0.81 0.85 0.85 0.85 0.85 0.80 0.73 0.64 0.60 0.61
Avocado RCP4.5-2070 0.69 0.78 0.81 0.85 0.85 0.85 0.83 0.78 0.67 0.64 0.60 0.61
Avocado RCP8.5-2030 0.65 0.73 0.78 0.84 0.85 0.85 0.85 0.83 0.80 0.67 0.60 0.60
Avocado RCP8.5-2050 0.69 0.78 0.81 0.85 0.85 0.85 0.85 0.83 0.78 0.67 0.60 0.61
Avocado RCP8.5-2070 0.73 0.78 0.84 0.85 0.85 0.85 0.80 0.73 0.64 0.60 0.61 0.65
Citrus 90%sa RCP4.5-2030 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Citrus 90%sa RCP4.5-2050 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Citrus 90%sa RCP4.5-2070 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Citrus 90%sa RCP8.5-2030 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Citrus 90%sa RCP8.5-2050 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Citrus 90%sa RCP8.5-2070 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
Dried grapes RCP4.5-2030 0.00 0.16 0.47 0.73 0.83 0.83 0.66 0.64 0.54 0.54 0.00 0.00
Dried grapes RCP4.5-2050 0.00 0.16 0.47 0.83 0.83 0.75 0.66 0.58 0.54 0.54 0.00 0.00
Dried grapes RCP4.5-2070 0.00 0.32 0.63 0.83 0.83 0.75 0.66 0.58 0.54 0.54 0.00 0.00
Dried grapes RCP8.5-2030 0.00 0.16 0.47 0.73 0.83 0.75 0.66 0.64 0.58 0.54 0.00 0.00
Dried grapes RCP8.5-2050 0.00 0.32 0.63 0.83 0.83 0.66 0.64 0.58 0.54 0.54 0.00 0.00
Dried grapes RCP8.5-2070 0.16 0.47 0.73 0.83 0.83 0.66 0.64 0.58 0.54 0.54 0.00 0.00

inegrape 90%sa RCP4.5-2030 0.00 0.16 0.32 0.73 0.83 0.83 0.83 0.78 0.68 0.68 0.00 0.00
Winegrape 90%sa RCP4.5-2050 0.00 0.16 0.32 0.73 0.83 0.83 0.80 0.73 0.68 0.68 0.00 0.00
Winegrape 90%sa RCP4.5-2070 0.00 0.32 0.47 0.73 0.83 0.83 0.80 0.73 0.68 0.68 0.00 0.00
Winegrape 90%sa RCP8.5-2030 0.00 0.16 0.47 0.73 0.83 0.83 0.83 0.78 0.68 0.68 0.00 0.00

inegrape 90%sa RCP8.5-2050 0.00 0.32 0.63 0.73 0.83 0.83 0.80 0.73 0.68 0.68 0.00 0.00
Winegrape 90%sa RCP8.5-2070 0.16 0.47 0.63 0.83 0.83 0.83 0.78 0.68 0.68 0.68 0.00 0.00
Pistachios RCP4.5-2030 0.00 0.00 0.21 0.56 0.86 1.06 1.08 0.88 0.69 0.00 0.00 0.00
Pistachios RCP4.5-2050 0.00 0.00 0.21 0.42 0.86 1.06 1.08 0.69 0.69 0.00 0.00 0.00
Pistachios RCP4.5-2070 0.00 0.00 0.42 0.56 1.03 1.10 1.07 0.69 0.69 0.00 0.00 0.00
Pistachios RCP8.5-2030 0.00 0.00 0.21 0.56 0.86 1.06 1.08 0.88 0.69 0.00 0.00 0.00
Pistachios RCP8.5-2050 0.00 0.00 0.42 0.56 1.03 1.10 1.07 0.69 0.69 0.00 0.00 0.00
Pistachios RCP8.5-2070 0.00 0.21 0.42 0.70 1.03 1.10 0.88 0.69 0.69 0.00 0.00 0.00
Table Grape 50%sa RCP4.5-2030 0.14 0.29 0.48 0.93 0.95 0.95 0.94 0.89 0.81 0.78 0.00 0.00
Table Grape 50%sa RCP4.5-2050 0.14 0.29 0.48 0.93 0.95 0.95 0.94 0.89 0.78 0.78 0.00 0.00
Table Grape 50%sa RCP4.5-2070 0.29 0.38 0.69 0.95 0.95 0.95 0.93 0.85 0.78 0.78 0.00 0.00
Table Grape 50%sa RCP8.5-2030 0.29 0.29 0.69 0.93 0.95 0.95 0.94 0.89 0.81 0.78 0.00 0.00
Table Grape 50%sa RCP8.5-2050 0.29 0.48 0.90 0.95 0.95 0.95 0.93 0.81 0.78 0.78 0.00 0.00
Table Grape 50%sa RCP8.5-2070 0.38 0.69 0.93 0.95 0.95 0.94 0.89 0.81 0.78 0.78 0.00 0.00,

Note:- 90% shaded area Kc values have been adopted from Appendix 2 except for table grapes, which has
used 50% shaded area to reflect current commercial practice of using canopy covers.

2.5 CHANGE IN EFFECTIVE RAINFALL

The effective rainfall (ER) is the amount of rainfall retained in the root zone that can be used by the plants. It
can be defined as the total rainfall minus:

= Rainfall surface runoff (usually only significant in large storm events in the Mallee)
= Rainfall evaporation (rainfall that evaporates from soil surface and canopy)

= Deep percolation (when the rootzone exceeds field capacity; this occurs after large events or after a
small event directly after an irrigation).

Adjusting for these components is part of the FAO 56 methodology (Allen, R.G., Pereira, L.S., Raes, D. and
Smith, M. 1998). However, the calculation of effective rainfall is a complex issue, with many different methods.
Possible approaches include:

a) Use a daily water balance of soil moisture to calculate effective rainfall

b) Assume 70% of all rainfall is effective (the FAO suggest 80% effectiveness when monthly rainfall
exceeds 75 mm/month and 60% when it is less than 75 mm/month; but this is more applicable to
surface irrigation than drip when the soil water deficits are much lower and the rootzone is held
closer to field capacity)

c) Deduct daily evaporation from daily rainfall to determine effectiveness

d) Assuming all daily rainfall if less than 5 mm in winter and 10 mm in summer is ineffective. With a
maximum of 25 mm being effective in one day (to account for deep percolation and/or surface
runoff).
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Each method has its own strengths and weaknesses. However, the key issue is the variability of rainfall across
the Mallee and more complex methods for calculating effectiveness are somewhat academic and do not

resolve the variability issue.

Method d) above has been used for many years in irrigation scheduling in Mildura and has been proven to be
a reasonable method. This is a simple and easily repeatable method and allows for large rainfall storms, when
a large proportion would be surface runoff or be lost to drainage; especially in situations where much of the

area is drip irrigated and apart from the centre row held close to field capacity.

Future climate ER has been derived by multiplying a percentage change by the 1975-2005 baseline ER at

Mildura BoM weather station. The Mildura baseline values are shown below.

Table 2-5: Baseline historic effective rainfall (ER) for Mildura 1975-2005 - derived from SILO database

o e o

The future climate is modelled by multiplying the baseline above with the following percentage

decrease associated with each projection shown in Table 2-6.

In this study, the future climate scenarios modelled were:

= Modelled total rainfall changes for the Mallee as tabulated (Clarke JM, 2019 (Updated 19th February

2020)) for each season and RCP scenario

= For user scenario testing a manual input of percentage change to baseline ER for each month.

Table 2-6: Climate change scenarios for ER

ETo (tall crop) RCP4.5-2030 -9% -9% -6% -6% -6% -3% -3% -3% -5% -5% -5%
ETo (tall crop) RCP4.5-2050 -9% -9% -4% -4% -4% -4% -4% -4% 7% 7% -7%
ETo (tall crop) RCP4.5-2070 -10% -10% -11% -11% -11% -5% -5% -5% -3% -3% -3%
ETo (tall crop) RCP8.5-2030 -7% -7% -11% -11% -11% -15% -15% -15% 1% 1% 1%
ETo (tall crop) RCP8.5-2050 -14% -14% -20% -20% -20% -7% -7% 7% 7% -7% -7%
ETo (tall crop) RCP8.5-2070 -27% -27% -35% -35% -35% -8% -8% -8% -17% -17% -17%
PanEvap RCP4.5-2030 -9% -9% -6% -6% -6% -3% -3% -3% -5% -5% -5%
PanEvap RCP4.5-2050 -9% -9% -4% -4% -4% -4% -4% -4% -7% -7% -7%
PanEvap RCP8.5-2030 7% 7% -11% -11% -11% -15% -15% -15% 1% 1% 1%
PanEvap RCP8.5-2050 -14% -14% -20% -20% -20% -7% 7% -7% 7% 7% -7%

(note same projections for both ETo tall crop and PanEvap)

-9% Mallee Climate Projections 2019
-9% Mallee Climate Projections 2019

-10% Mallee Climate Projections 2019

-7% Mallee Climate Projections 2019

-14% Mallee Climate Projections 2019
-27% Mallee Climate Projections 2019

-9% Mallee Climate Projections 2019
-9% Mallee Climate Projections 2019
-7% Mallee Climate Projections 2019

-14% Mallee Climate Projections 2019

It should be noted that as there are no ER projections provided by climate models so this approach assumes
that the change in ER mirrors the same percentage change expected for total rainfall for each season as
predicted by the Mallee Climate Projections 2019 (Clarke JM, 2019 (Updated 19th February 2020)).

2.6 CALCULATION OF IRRIGATION DEMAND

Irrigation demand was calculated on a monthly basis by using the following formula:

Irrigation

: =(ETo x Kc - ER)
requirement

Where baseline demand is:

= Monthly demand was taken to be zero when ER exceeded ETc (ETc = ETo x Kc)
= ETo baseline = average ETo (baseline® month)

9 1975 to 2005 taken as baseline from Mildura BoM station as per Table 2-2

/ 0.85
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= Kc baseline = Kc (baseline month'©)

* ER baseline = average ER (baseline month?')

= 0.85 allows for 85% efficiency of irrigation

= Annual demand is calculated as the sum of the 12 individual months demand.

Where projected demand is:

= Monthly demand was taken to be zero when ER exceeded ETc

= ETo projection = ETo (baseline month) x model projection percentage ETo change (month??)
= Kc projection = Kc (projection month*3)

* ER projection = ER (baseline month) x model projection percentage rainfall change (month4)
= 0.85 allows for 85% efficiency of irrigat