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Summary

Saltis a natural part of the Murray-Darling Basin with more than 100 billion tonnes held within groundwater systems.
The River Murray is the natural drainage point for these groundwater systems. Some salinity in the Rver Murray is
due to natural causes. However, the clearing of native vegetation and the development of dryland and irrigated
agriculture across the Basin have increased saline groundwater discharge to the River Murray.

Basin governments use numerical growndwater models to estimate the long -term salinity impacts of irrigation
development and other actions which increase salinity into the River Murray. Data and information about irrigated
area, leaching estimates, groundwater levels and salinity, SIS pumpig, and River Murray salinity levels are all key
inputs to the groundwater models and are also used to test model outputs against real -time observations.

This study undertook a review of readily available datasets to identify historical and current irrigation areas within
the South Australian Murray Darling Basin (SAMDB). Three datasets with records of irrigation start year are used to
review historical irrigation area. Nine datasets containing recent irrigation information are used to quantify the
current irrigation footprint. The datasets are categorised into independent, related and model -derived data sources.
Table $1 summarises information on the datasets.

No single irrigation dataset is reliable for all irrigated areas and all have limitation s. Irrigation maps are derived from
data collected for other purposes; this can take considerable time and can resultin a less reliable product. SA Land
Cover methodology results in underdestimation of irrigation area, whereas PIRSA and Planted VegetationCover
data overestimates irrigation area. The MSA Crop Data is higher quality but it is not updated everywhere annually,
and is purchased from a private service provider.

Consequently, Sout h Australiads numeri cal g r o uthdimigatece area, mothee | s
imagery used includes non-irrigated areas and multiple land use types which require filtering. A companion report
(Bushaway and Woods, 2018) trials an irrigation mapping methodology which uses a combination of data sources,
finding that the current accredited models may over -estimate irrigation area by as much as 19.5 % between the
Border and Lock 3,and a provisional sensitivity test showed the revised irrigation mapping could lead to drops in

salt load of as much as 30 tonnes/day at Murtho and Bookpurnong. There will be less change in calculated salt load

for historical simulations, as the recharge volumes are estimated through model calibration (inverse modelling).
Therefore, any area overestimated is probably compensated for by underestimates of rates.

The need for accurate irrigation area mapping extends beyond numerical groundwater modelling. Such data is
necessary for River Murray surface water models and monitoring and evaluating Salinity Zoning Policy. An ongoing
program to map irrigation footprint for the region should be developed and any improved datasets should be made
available to branches within DEW.

Recommendation 1 . That a scoping study be established to consider the utility and cost-effectiveness of readily
available methods for collecting and mapping irrigation area within the SAMDB.

Recommendation 2. Until Recommendation 1 yields outputs, the SA Salinity Register models should use irrigation
mapping based on the DEH/MSA dataset, but cross checked against other sources.

Recommendation 3. Project and model boundaries should be revised such that all irrigated areas adjacent to the
River Murray are included, and that project areas are aligned with the Salinity Register entry lock reach.
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Table S61 Summary of irrigation datasets information

DATA EXTENT TIMEFRAME DESCRIPTION ACCURACY
INDEPENDENT DATASETS
SA Land Cover SA 198762015 Generated from satellite imagery to Landsat pixel scale (25m x 25m). It | Likely to underestimate overall
summarises similarity within seasons and then for the six5-year epochs Irrigation area.
(198761990, 1991995, 199552000, 200052005, 200552010, 20103 Continuous dataset and is useful for
2015). trend analysis. Due to methodology,
may not map pivot irrigation areas
(annual irrigation). New irrigation areas
may only be added 3 vyears after
irrigation starts.
PIRSA Land Use Surveys SA 2003,2008,2014, | Based on the Australian Collaborative Land Use and Management | Likely to overestimate irrigation area
2017 Program (ACLUMP) survey method that uses aerial photography | because data collected at larger scale
interpretation and field verification. Represents land use as polygons | than MSA Crop Data
within cadastral parcels based on aerial photography from 2012, 2013 &
2014.
Planted Vegetation Cover SA 201462017 Data utilises several data capture techniques and sources toidentify | Likely to overestimate irrigation area

planted vegetation. Useful to correct start dates for crops

due to inconsistent capture methods
and dates.

RELATED DATASETS

DEHIrrigation Eras
(Egisdata.AGRICULTURE
IrrigCropsStartDate)

SAMDB (includes trusts,
Angas Bremer and Lower
Lakes)

Pre 198852003

Based on 1988 irrigated area with additional areas mapped for SIMRAT
case study analysis and irrigated crop mapping all sourced from aerial

photography. Other areas have been mapped according to local
knowledge and range from 1880 & 1970. From 2003, uses MSA Crop
Data. Attributes include estimated year and also main decade of
development. For areas irrigated prior to 1988, start date estimated
based on expert opinion.

Considered MODERATELY accurate
except for pre 1988 area whichis
considered LEAST accurate of all
datasets

Areas mapped as part of case studies or
from the aerial photography (1988,
1995, 1997, 1999, 2001 & 2003)

MSA Crop Data

SAMDB

2002/038
2013/14

Compilation of on ground crop surveys (based on interviews with
growers) for 2002/03 & 2007/08 and 2011/12. 1 ncl udes P
surveys in January 2008, 2009, 2010 and 2011 which mapped
Irrigated/Not Irrigated on to the underlying 2007/08 crop data.

T HIGHLY accurate

T MODERATELccurate crop extent

for datasets produced for the y ears
1988, 1995, 1997, 1999, 2001 &
2003 (mapped from aerial photos)

crop extent
produced between 2002/03 o
2007/08 (based on surveys with
growers)
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T LOW accuracy for crop extent
produced for 2008, 2009, 2010,
2011 as not updated since 2007/08

SunRISE mapping SAMDB 2003, 2009, 2012 | Based on a time series of high resolution orthophotoimagery (scale | HIGHLYaccurate for 2003, 2009, 2012
accurate, digital, aerial photography). Crop details, such as crop type,| Produced by the Mallee Catchment
area and irrigation method, are derived from visual interpretation of the Management Authority
imagery, field surveys or input from irrigators. MSA Crop Data is used to | Nondexistent for other years
assess and analyse irrigation methods.

Vears and Dakuwaga SAMDB 2014 Derived from three datasets: MSA Qop Data 201352014, 30 cm aerial | MODERATELY accurates can be

K9r0|s:amanung (VDK) photography (http://imagemapsa.env.sa.gov.au), and PIRSALand use .dnfﬁcu.lt o identify recently retired

Irrigation footprint irrigation areas
Surveys 2015

MODEL INPUT DATASETS

Register Entry models: current | SAMDB 188052008 A key groundwater model input to simulate the increased or reduced | Loweraccuracy due to model

irrigation area groundwater accessions that arise asa result of irrigation development | interpolation and lack of land
and changes to irrigation practices. Derived from DEH irrigation eras | retirement
(188002003) and crop data (MSA) 20042008.

Accredited models: current SAMDB 188002011 A key groundwater model input to simulate the increased or reduced | Loweraccuracy due to model

irrigati on area groundwater accessions that arise as a result of irrigation development | interpolation and lack of land
and changes to irrigation practices. Derived from DEH irrigation eras | retirement
(188002003) and yearly crop data (MSA)200462011.

2015 update to accredited SAMDB 188002014 A key groundwater model input to simulate the increased or reduced | Loweraccuracy due to model

models groundwater accessions that arise as a result of irrigation development | interpolation and lack of land
and changes to irrigation practices. Derived from DEH irrigation eras | retirement
(188002003) and crop data (MSA)200462014.

Modelled future irrigation area | SAMDB 188002014 Prediction of future irrigation area based on the Accredited Model | LOW accuracyas irrigation expansion is

current irrigation area, expanded in area according to unused allocation
volume in water year 2013314. Derived from DEH irrigation eras (18800
2003) and yearly crop data (MSA) 20042014.

speculative
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1 Introduction

Saltis a natural part of the Murray-Darling Basin with more than 100 billion tonnes held within groundwater systems.
The River Murray is the natural drainage point for these groundwater systems. Some salinity in the River Murray is
due to natural causes. However, the clearing of native vegetation and the development of dryland and irrigated
agriculture across the Basin have increased saline groundwater discharge to the River MurrayWater applied to the
land through irrigation results in increased drainage to the underlying groundwater, which increases the movement
of saline groundwater into t he river.

Irrigated areasin SAhave generallyincreased over time, excluding the period of the Mill ennium Drought from 2001 -
2009 which resulted in a reduction in the area of irrigation for several years beforethe horticultur al industry began
to recover. The area of annual and perennial crops can change in a short period of time due to issuessuch as
changes in commodity prices and available water resources from the River Murray.

Basin governments use numerical groundwater models to estimate the long-term salinity impacts of irrigation

development and other actions which increase salinity into the River Murray. Data and information about irrigated

area, leaching estimates, groundwater levels and salinity, SIS pumping, and River Murray salinity levels arall key
inputs to the groundwater models and are also used to test model outputs against real -time observations.

Irrigated crop area data within the SAMDB is essential to inform predictions of future salinity impacts on the River
Murray and monitoring and evaluating the impact of government policy that manages salinity impacts from
irrigation including the Salinity Zoning Policy. There are numerous existing datasets that map irrigation area over
time with differing level s of reliability and accuracy. Eachis based on a different methodology, and/or covers a
different time period. There is a need to compare the datasets to determine the best option for deriving historical
and current irrigation areas.

1.1 Policy background

Basin Statesare accountable under the Basin Salinity Management (BSM) 2030 strategy for irrigation actions that
have a significant effect on salinity of the shared water resources of the basinThe i mpacts of O0accou
including irrigation, must be assessed and reported on the BV Salinity Register.

The River Murray Salinity Zoning Policy is thest a t ke mlicy instrument to manage the elevated salinity risk
associated with irrigated agriculture, and to maintain a positive balance on the BSM Salinity Register.

The policy aimsto minimise the salinity impacts from new irrigation development, by regulating irrigation water use
in defined salinity management zones along the River Murray in SA

The current salinity zoning policy establishes a high salinity impact zone, low salinty impact zone and high (salt
interception) zones. Local salt interception scheme (SIS) zones are used to allocate salinity credits, funded solely by
SA to local irrigators through local credit pools which reflect the capacity of SIS to offset the State accountable
debits generated by irrigation in the area. The salinity zoning policy currently has two SIS zones at Loxton and
Bookpurnong. The draft Water Allocation Plan (WAP) for the River Murray Prescribed Watercourse proposes to
simplify the policy by combining the two SIS zones at Loxton and Bookpurnong into the high salinity impact zone .
As this proposal is yet to be adopted, irrigation areas are calculated using two SIShigh zones for the purposes of
this report.

Estimation of current irrigation area is essential for policy development, planning, and reporting for BSM 2030 and
the SA River Murray Salinity Zoning Policy

DEW Technicalnote 2018/56 1



1.2 Modelling background

In SA accredited numerical groundwater models are utilised to determine the salt load change from BSM
accountable actions (Woods et al., 2017). The groundwater models simulate delayed salinity impacts from state
accountable actions and Joint and Shared Works such assalt interception schemes.

Irrigation has been identified as a major contributor to salt load increases in the River Murray.Numerical
groundwater models have been developed to simulate the increased or reduced groundwater accessions that arise
as aresult of irrigation development and changes to irrigation practices. The models simulate the impact of irrigation

as recharge to the watertable: this is based on crop mapping and estimates of irrigation efficiencies, and is refined
through calibration (see Yan et al. 2011, Yan et al., 2012, Woods et al. 2013, and Woods et al., 2014 for details). The
models also use estimates of irrigation applications to validate recharge: Site Use Approval limits and consumption

or metered information are the basis for this independent line of evidence.

A comprehensive dataset of irrigation area and recharge rate arerequired for these model inputs. A key model input
to enable representation of irrigation within the models is the extent of irrigation footprint  (area)over time.

1.3 Project objectives

The aim of this work is to review and quantify irrigation areas within th e SAMDB from available data sources by
presenting summary statistics, identifying and evaluating spatial GIS datasets, discussingdata limitations, and
providing recommendations.

Specifically, the project seeks to quantify:

1. Historical irrigation area
2. Currentirrigation area

The project outputs will inform works in a companion report . Bushaway & Woods (2018) trials an irrigation mapping
methodology which uses a combination of data sources. The revised irrigation mapping is then applied in the Border
to Lock 3 groundwater model. This quantifies the impact of choice of irrigation dataset on salt load impact to the
river.

DEW Technicalnote 2018/56 2



2 Data and methodology

A number of initiatives have been undertaken to capture irrigation area development. The representation of
irrigation footprint over time is compiled from a range of sources under a variety of data collection methods .

2.1 Historical irrigation data

Historical irrigation datasets are reviewed. The aim isto identify and recommend a representation of the historical
irrigation footprint that is as accurate as possible, given the different sources of data. The resultswill be used to
update the modelled historical irrigation footprint in order to improve model calibration and reduce model
uncertainty (Bushaway and Woods, 2018§.

There are two available independent datasets for historical irrigation areas: one developed by the Department of
Environment and Heritage (DEH) in 2004 and the recentlydreleased SA Land Cover Layers1987562015. For
completeness, we will also compare these two datasets with the irrigation footprints used by Salinity Register
groundwater models, which are derived from the DEH data. The following sections describe the datasets and
selection method applied.

2.1.1 DEH irrigation eras and MSA crop data
Origins

The historical irrigation area shapefile Egisdata. AGRICULTURE IrrigCropsStartDatas first developed in 2004 by the
then Department of Environment and Heritage (DEH, now incorporated into the Department for Environment and
Water, DEW). Since 2004, this deaset has been supplemented with Mapping Services Australia (MSA)Crop Data.

The period 188081988 is mapped from the 1988 footprint, with the starting date of irrigated blocks based on expert
opinion (Bob Newman, Steve Barnett, Phil Cole, and Matt Miles)L.Vears(DEW) 2013 pers. comm, 16 June2013).This
data is known as the 6Eras coveraged.

From 198852003, data is mapped from aerial photography at 1988, 1995, 1997, 1999, 2001, 2003; some areas have
more detail as they were used as a case study during SURAT model development (L. Vears(DEW) 2015 pers. comm,
10 December 2015).

The period 200362014 is sourced from MSA, an external provider. MSA irrigated crop mapping includes all crops
along the River Murray from the border to LakesAlexandrina and Albert for the years 1988, 1995, 1997, 1999, 2001
and 2003. Attributes include estimated year and also main decade of development. It is a spatial database of
irrigated patches extracting water from the River Murray Prescribed Water Coursein SAand a compilation of Natural
Resources (NR) SAMDB detailed and accurate crop survey&ection 4.2.1 discusses its limitations.

The combined dataset is a compilation of different sources by era: Table 2.1 gives selected attributes from the
shapefiles. Figure 2.1 plots some of the data, showing the spatial distribution of irrigation area by epoch. Early
irrigation is maintained within the dataset and new irrigation areas are added to the dataset over the years.

The information recorded on the database are:

1 Location, area and year planted for each crop
1 Irrigation systems used to water these crops and irrigation devices
1 Type of crops planted, crop variety and their respective rootstock

MSA Crop Dataadds polygons for new planted areas but does not remove retired irrigation areas. However, retired

irrigation areas can be identified through the shapefil

if the system has RH&ATErdmovedtdard 6ldRNnti fies i f the
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Table 2.1 Selected attributes of the combined DEH irrigation eras and

Year Source Collection method
1880 DEH Erascoverage

1900 DEH Eras coverage

1920 DEH Eras coverage

1929 DEH Eras coverage

1940 DEH Eras coverage

1945 DEH SIMRATcase Study
1956 DEH SIMRAT case study
1960 DEH Eras coverage

1961 DEH SIMRAT case study
1965 DEH SIMRAT case study
1965 DEH SIMRAT Case Study
1970 DEH Eras coverage

1970 DEH SIMRAT case study
1972 DEH SIMRAT case study
1974 DEH SIMRAT case study
1976 DEH SIMRAT case study
1980 DEH SIMRAT case study
1984 DEH SIMRAT case study
1985 DEH SIMRATcase Study
1986 DEH SIMRATcase study
1988 DEH Irrigated Crop Mapping
1995 DEH Irrigated Crop Mapping
1997 DEH Irrigated Crop Mapping
1999 DEH Irrigated Crop Mapping
2001 MSA Crop data 2003304
2002 MSA Crop data 2003304
2003 MSA Crop data 2003304
2004 MSA Crop data 2003304
2005 MSA Crop data 2004505
2006 MSA Crop data 2005806
2007 MSA Crop data 2006307
2008 MSA Crop data 2007808
2009 MSA Crop data 2008309
2010 MSA Crop data 2009310
2011 MSA Crop data 2010811
2012 MSA Crop data 2011812
2013 MSA Crop data 2012613
2014 MSA Crop data 2013514

Current status

The MSACrop Data is no longer being compiled.
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Comparison methodology

Irrigation start year is used to categorise data into seven 5-year epochs (Table 2.2)in order to compare with SA Land

Cover data. Yearly crop data from 20032014 are analysed to identify irrigated and nondirrigated areas, and only

irrigated area is used for this review. Nondi r r i gat ed areas ar e CRAPEATEGES, i eddSysd ie
Removedod and oOoONot Irrforgamnpedod in the attributes

Development Land, Unknown

Vacant Land, Vacant

Cleared Land, Previous Planting Stone fruit
Cleared Land, Vacant

Land in Transition n.e.c., Unknown
Windbreak, Mixed Trees (Windbreak)
Forest Plantation n.e.c., Unknown

Eucalypt Plantation, Unknown

Land in Transition, Other

Native Forest n.e.c., Mixed Native Plants

= =4 =4 =4 -4 -4 -4 - -4 -4

Table 7.1 in the appendix provides the complete list of attributes used to identify and remove non dirrigated
polygons.

Figure 7.1 in the appendix provides map showing analysed MSA Qop Data 201362014 irrigated area and not-
irrigated area for all irrigation districts.

Table 2.2 Categorised crop data into epochs

Data SA Land Cover Epoch DEH and MSA data combined
1 Not available Irrigation eras DEH 18811985
2 198761990 Irrigation eras DEH 188®1990
3 199001995 Irrigation eras DEH 188®1995
4 199532000 Irrigation eras DEH 188@2000
5 200082005 Irrigation eras DEH (1880562000) and crop data year 200304

and 200462005

6 200562010 Irrigation eras DEH (188®2000) and yearly crop data 2003
2004, 200432005, 200582006, 2006562007, 200752008, 20083
2009,200952010

7 201002015 Irrigation eras DEH (188®2000) and yearly crop data 20030
2004, 200462005, 200582006, 2006562007, 200752008, 20083
2009,200952010,201182012, 201252013, 201352014

2.1.2 South Australian Land Cover Layers
Origins
SALand Cover Layersl98782015 is sourced from the Environmental and Information branch, DEW.

The SALand Cover Layers dataset uses Landsat satellite imagery and local calibration (or training) data to quantify
trends in land cover classes in six epochs from 1990 to 2015. The dataset is the outcome of a research collaboration
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between DEW with the SA NRM Boards, the Australian Government Department for Environment, the Victorian
Depart ment of Environment, Land, Wat er and Pl anningo
Ecoinformatics, and Geoscience Australia. The research collaboration agyht to improve knowledge of native
vegetation extent and other land cover classes, acrossSAbetween 1987 and 2015.

The SA LandCover model outputs are generated from satellite imagery at Landsat pixel scale (25m x 25m). The
modelling is designed to summarise similarity within seasons, and categorized the dataset into the six5-year epochs
(198781990, 199051995, 199552000, 200052005, 200552010, 201062015).

For this study, the Omost |likely | and c ov eeraledgsingramtei s u
sensing techniques to characterise Landsat pixels, inform by a series of training or exemplar data, according to
statistical similarity across Landsat spectral bandssummarised to seasonal percentile statistics for each epoch as
well as incorporating some independent variable layers to support the classification model (Willoughby et al . 2018).
There are 18 Land Cover <c¢l asses Tabe23tamddiguwwerB@d.st | i kel yo | a

Summary layers displaying the most likely land cover class can be viewed o#line at NatureMaps with a metadata
record available at LocationSA . Willoughby et al. (2018) provides a full list of Land Cover classifications.

Current status

Should funding allow, iterative improvements to the SA Land Cover Layerswill occur over time. Possible future
improvements include utilising both independent (i.e. downscaling, pixel averaging methods and new satellite
platforms) and dependent (i.e. exemplar corrections and additional exemplars) data. However, no investment or
works have been approved or funded to specifically improve the capture of irrigated crop mapping. Use of SA Land
Coveris encouraged through open access to the data (https://data.sa.gov.au/data/dataset/sa -land-cover). No works
to improve irrigation mapping have been approved or funded.

Comparison methodology

The field VALUE 9, 10 and 11 are identified as irrigated areas for this reviewKigure 2.3).
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Table 2.3 Description of selected SA land cover data (Willoughby et al., 2018)

Value Land cover class Description

1 Woody Native Vegetation Woody native vegetation generally > 1 m tall (e.g. eucalypt forests and
woodlands, wattle shrublands, hopdbush shrublands)

Mangrove vegetation .

2 9 9 Mangrove dominated forest

3 NondWoody Native Vegetation  Non-woody native vegetation generally <1 m tall (e.g. grasslands
including herbs and low shrubs such as chenopods)

4 Saltmarsh Vegetation Low native vegetation in areas with saline soils dominated by samphire
species

5 Wetland Vegetation Non-woody native vegetation occurring in association with wetlands (e.qg.
emergent vegetation, lignum)
V i i .g.gi lai fire heath I

Natural Low Cover ery sparse native vegetation (Fe g. gibber plains, posb |r_e eath, cpasta

6 dunes, beaches. Large fluctuations can occur usually with low native
vegetation)

7 Salt Lake/ Saltpan Salt lakes and salt pans

. Non-native vegetation that is used for dryland cropping and/or grazin
8 Dryland Agriculture 9 y Pping 9 9
. . Any f f i i i i lassifi

9 Exotic Vegetation ny form o vegetathn domlnatgd by non dnative species and not classified

to the other non dnative vegetation classes
. Irrigated pasture or crops (e.g. irrigated cropping / pasture, grassed

10 Irrigated Non dWoody g9 P ps (e.g 9 pping /- p 9
reserves, golf courses)

11 Orchards/ Vineyards Irrigated woody crops (e.g. grapes, citrus, stone fruit)

12 Plantation (softwood) Pine plantations

. Plantations other than pine (often Tasmanian blue gum

13 Plantation (hardwood) pine ( gum)

14 Urban area A mix of vegetation and built surfaces (e.g. roads, gardens, houses, street
trees)

15 Builtdup area Dominated by built surfaces (e.g. roads, buildings)

16 Disturbed ground or outcrop Disturbed ground or outcrop (e.g. open dcut mines)

17 Water unspecified Open water bodies

18 No data or unclassified Areas not classified (e.g. far out into marine areas or no data on all

satellite inputs)
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2.1.3 Salinity Register groundwater model irrigation areas
Origin

The Science and Information Group of DEW has developed aset of numerical groundwater models that span the
River Murray in SAfrom Chowilla to Wellington . The models underpin the estimation of salt loads entering the River
Murray, and are the basis for accountable action entries on the BSM 2030 Salinity Registes. Accountable actions
simulated in the models include mallee clearance, irrigation development, improved irrigation practices and
rehabilitation of irrigation infrastructure, groundwater control and salt interception schemes.

The models are regularly updated, so the irrigation areas (orfootprints ) used in the models have changed over time.
Once an updated model is approved by the MDBA, it is accredited. Later, the model results are accepted for the
Salinity Register. Currently, there are three accreditedmodels with results that are not yet part of the Salinity
Register: Waikeri®dMorgan 2012 (Yan et al. 2012), Woolpunda 2013 (Woods et al. 2013) and PikéMurtho 2014
(Woods et al. 2014).

Each model report provides a description of how the irrigation area was developed. Since at least 2006 irrigation
areas have been derived from the DEHIrrigation Erasand MSA crop data. However, the modelled irrigation areas
can differ from those datasets for several reasons. Firstlythe original polygons are mapped to rec tangular grid cells
in each model. Secondly, the method used for analysing and importing shapefile can differ from model to model .
Finally, policy adviceon how to use the irrigation data may change over time.

Comparison methodology

In this study, we consider four irrigation footprints relating to the Salinity Register groundwater models . The first
three can be used to compare with historical and current data. The fourth is used for comparison with current data
only.

1. Register Entry madels, accredited models whose results have been adopted for the Salinity Register
2. Accredited models, regardless of whether their results are part of the Register at this time

3. 2015 update to the accredited models, which are the accredited models updated in January 2015 with
more recent MSA Crop Data(Bushaway et al, 2015)

4. Future model irrigation area, estimated using water licensing information and contains identical irrigation
development from historical to current with 2015 upd ate to the accredited models (Section2.2.3.3
provides details).

Table 2.4 indicates which model versions have been combined to make the irrigatio n footprint datasets.

Irrigation development years for Register Entry models, accredited models and update to accredited models are
provided in Table25 to Table 2.7. Irrigation development year is the year irrigation area is recorded on the dataset
and differs from model irrigation recharge start year which includes a lag time (i.e. the time taken for irrigation
drainage to pass through the unsaturated zone before reaching the watertable; this can be months to decades).

The most recent Register Entry model is LoxtondBookpurnong 2011, which has irrigation footprint data up to 2008.
The latest accredited groundwater model is the PikedMurtho 2014 model and the last irrigation footprint in the
model is 2011.

In 2015, the irrigation extent for all the Accredited Models was updated to the latest MSA Crop Data 201362014
information ( Table 2.7).

Figure 2.4 shows spatial distribution of modelled historical and current irrigation area based on 2015 update to
accredited Register Entry models
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Table 2.4 Register Entry models, accredited models and 2015 update to the accredited models

Register Entry models

Accredited models

2015 Update to accredited Future model irrigation

models area
Pike-Murtho 2006 PikedMurtho 2014 PikedMurtho 2014 Same as 2015 update
Berri-Renmark 2007 BerrioBRenmark 2007 BerrisBRenmark 2007

Loxton-Bookpurnong 2011
Pyap to Kingston 2008

Morgan to Lock 3 2005
(includes Woolpunda and

LoxtondBookpurnong 2011
Pyap to Kingston 2008
Woolpunda 2013

Waikerie 8 Morgan 2012

LoxtondBookpurnong 2011
Pyap to Kingston 2008
Woolpunda 2013

Waikerie d Morgan 2012

WaikeriedMorgan irrigation
areas)

Morgan to Wellington 2010

Morgan to Wellington 2010

Morgan to Wellington 2010

Table 2.5 Register Entry models and irrigation development year s

Register Entry models and year developed

Irrigation development year (GIS data)

Pike-Murtho (2006)

Decadal intervals since 1920 to 2005

Berri-Renmark (2007)

1920, 1940,1955, 1960, 1970, 1988, 1997, 1999, 2001 and 2003

Loxton-Bookpurnong (2011)

1920, 1940, 1961, 1965, 1970, 1972, 1974, 1980, 1984, 1986, 1988, 199
1997, 1999, 2001 and 2003 to 2008 yearly data

Pyap to Kingston (2008)

1880, 1920, 1940, 1956, 1960, 19701988, 1995, 1997, 1999, 2001, 2003
and 2005

Morgan to Lock 3 (2005)

1920, 1940, 1960, 1970, 1988, 1995, 1997, 1999, 2001 and 2003

Morgan to Wellington (2010)

1880, 1900, 1920, 1929, 1960, 1970, 1995, 1997, 1999, 2001, 2003 ar|
2006

Table 2.6 Accredited Register Entry models and irrigation development year s

Accredited Salinity Register models and year
developed

Irrigation development year (GIS data)

Pike-Murtho (2014)

1894, 1930, 1940, 1945, 1950, 1960965, 1970, 1975, 1980, 1985, 1988
1990, 1995, 1997, 1999, 2000, 2001, 2003 to 2011 yearly data

Berri-Renmark (2007)

1920, 1940, 1955, 1960, 1970, 1988, 1997, 1999, 2001 and 2003

Loxton-Bookpurnong (2011)

1920, 1940, 1961, 1965, 1970, 1972, 1974, 1980984, 1986, 1988, 1995,
1997, 1999, 2001 and 2003 to 2008 yearly data

Pyap to Kingston (2008)

1880, 1920, 1940, 1956, 1960, 1970, 1988, 1995, 1997, 1999, 2001, 20
and 2005
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Woolpunda (2013)

1972, 1980, 1988, 1995, 1997, 1999, and 2001 to 2011 yearly dat

Waikerie to Morgan (2012)

1920, 1940, 1956, 1960, 1970, 1976, 1980, 1984, 1995, 1997, 1999, 20
and 2003 to 2008 yearly data

Morgan to Wellington (2010)

1880, 1900, 1920, 1929, 1960, 1970, 1995, 1997, 1999, 2001, 2003 ar
2006

Table 2.7 2015 update to the accredited models and irrigation development year s

Accredited Model

Updated i rrigation development year (GIS data)

Pike-Murtho (2014)

1894, 1930, 1940, 1945, 1950, 1960, 1965, 1970, 1975, 1980, 1985, 19§
1990, 1995, 1997, 1999, 2000, 2001, 2003 to 2014 yearly data

Berri-Renmark (2007)

1920, 1940, 1955, 1960, 1970, 1988, 1997, 1999, 2001, 2003 and 2014

Loxton-Bookpurnong (2011)

1920, 1940, 1961, 1965, 1970, 1972, 1974, 1980, 1984, 1986, 1988, 199
1997, 1999, 2001 and 2003 to 2014 yearly data

Pyap to Kingston (2008)

1880, 1920, 1940, 1956, 1960, 1970, 1988, 1995, 1997, 1999, 2001, 20(¢
2005 and 2014

Woolpunda (2013)

1972, 1980,1988, 1995, 1997, 1999, and 2001 to 2014 yearly data

Waikerie to Morgan (2012)

1920, 1940, 1956, 1960, 1970, 1976, 1980, 1984, 1995, 1997, 1999, 20
and 2003 to 2014 yearly data

Morgan to Wellington (2010)

1880, 1900, 1920, 1929, 1960, 1970, 1995, 1997999, 2001, 2003, 2006
and 2014

For comparison with SA Land Cover data, the irrigation is grouped into 7 epochs as indicated in Table 2.8. It is noted
that SA Land Cover data starts from 1987.

Table 2.8 Epoch used for area comparison

DEH irrigation eras and MSA Crop | ga |and Cover Model input
Data

188081985 n/a 188001985
188031990 198781990 188081990
188081995 199081995 188001995
188032000 199532000 188082000
188032005 200032005 188082005
188032010 200532010 188082010
188082015 201032015 188082015
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2.2 Current irrigation data

There are eight available datasets for current irrigation area analysis.The following are descriptions of
the datasets and comparison methodology applied. The data are grouped into independent, related
and model derived data sources.

2.2.1 Independent data sources
2.21.1 SA Land Cover 20162015

See Section 2.1.2f or data description. For current irrigation
201082015 is used as it is the latest irrigation footprint available. The spatial extent of SA Land Cover
201082015 irrigated area isprovided in Figure 2.5.

2.2.1.2 PIRSA Land Use surveys 2015
Origins

The PIRSAdataset is based on land use mapping method of the Australian Collaborative Land Use and
Management Program (ACLUMP), which is collected at a larger resolution than the MSA Gop Data and

uses a different classification system to the MSA crop data (Australian Land Use and Management
(ALUM) Classification Version 8. The land use shape file is derived from land parcel in cadastral map.
The PIRSA information is described as being updated from 2008 information using 2012, 2013 and 2014
imagery.

The PIRSA Land Use survey sompiled by DEWinto the state -wide land use layeravailable in DEW EGIS
database: SDE EGIS Landscap@nduse SAMDB region mapping represents 2003, 2008 and 2014
however each used photography of varying dates. The SAMDB has not been updated since 205.

Metadata is available at: http://sdsidata.sa.gov.au/LMS/Reports/ReportMetadata.aspx?p_no=2072

Comparison methodology

Information from three hierarchical attributes is combined to identify irrigated lands as shown in Table
2.9 below. Nondirrigated and abandoned lands are a combination of different land uses.

The spatial extent of irrigated areas in the PIRSA Land Use 2015 is shown iRigure 2.6.
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Table 2.9 Selected fields from PIRSA land use survey 2015 used to identify irrigated area

DES_TER V7

DES_SEC V7

DES_PRI V7

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

1. Grazing irrigated modified pastures

. Intensive horticulture

. Irrigated cereals

. Irrigated citrus

. Irrigated cropping

. Irrigated environmental forest plantation
. Irrigated grapes

. Irrigated hardwood plantation

. Irrigated hay and silage

. Irrigated land in transition

Irrigated land under rehabilitation
Irrigated legume/grass mixtures
Irrigated oleaginous fruits

Irrigated other forest plantation

Irrigated pasture legumes

Irrigated perennial flowers and bulbs
Irrigated perennial horticulture

Irrigated perennial vegetables and herbs
Irrigated plantation forestry

Irrigated seasonal flowers and bulbs
Irrigated seasonal fruits

Irrigated seasonal horticulture

Irrigated seasonal vegetables and herbs
Irrigated sown grasses

Irrigated tree fruits

Irrigated tree nuts

Irrigated turf farming

Irrigated vine fruits

Irrigated woody fodder plants

Rural residential with agriculture

1. Grazing irrigated modified
pastures

2. Intensive horticulture

3. Irrigated cropping

4. Irrigated perennial
horticulture

5. Irrigated plantation forestry
6. Irrigated land in transition
7. Irrigated seasonal horticulture
8. Residential and farm
infrastructure

1. Production from
Irrigated Agriculture
and Plantations

2. Intensive Uses
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2.2.1.3 Planted Vegetation Cover 2017(DEW)
Origin

The Planted Vegetation Cover layer iscreated by the DEW topographic mapping program and is a
composite derived from various sources: DEH vegetation land cover, agrodforestry areas owned or
managed by Forestry SA in ten forest districts, and other planted vegetation types. The dataset is used
for land cover of planted vegetation in mapping products and as a guide to determining planted
vegetation statistics for the agricultural region . Below is the link to metadata:

http://sdsidata.sa.gov.au/LMS/Reports/ReportMetadata.aspx?p_no=1007

The dataset covers SA. Within theSAMDB planted vegetation data was captured using several data
capture techniques, scale, sensitivities and survey years. The dataset is a compilation that began in 198
and wasmapped from aerial photos. Date of photos for the Murray Mallee is 1985 §1989. Date of photos
for the River Murray floodplain is 2001 at 1:20,000 scale. In some regions, the focus was on identifying
native vegetation while planted vegetation data was collected opportunistically. Some of irrigated areas
in SAMDB have recently been updated in 2017.

Comparison methodology

Table21l0shows the c¢cl asses of planted vegetation cover u
irrigated |l anddé fields are selected as irri2ated ar e:
is provided in Figure 2.7.

Table 2.10 Description of planted vegetation cover data

Feature Code Name Irrigation
6016 Revegetation Not-irrigated
6501 Plantation(Softwood) Not-irrigated
6502 Orchard/Vineyard Irrigated
6505 Windbreak Not-irrigated
6510 Irrigated Land Irrigated
6513 Plantation(Hardwood) Not-irrigated

2.2.2 Related data sources
2.2.21 MSA Crop Data201352014
Origins
See Section 2.1.1 above for details of MSA Crop Data.

Comparison methodology

MSA Crop Data 201382014 with time stamp is the most up dtoddate version, containing year planted
information up to 2014 in some areas. The data areanalysedto identify irrigated areas and cleared lands
based on the attribute information such as permanent versus seasonal crop, year planted, crop category
and irrigation system/type.

The spatial extent for MSA Crop Data201382014 is displayed in Figure 2.8.
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2.2.2.2 SunRISE Mappin@012
Origin
Irrigation area is an analysis of spatial crop mapping sourced from SunRISE Mapping (Argus et al., 2013)

and the NR SAMDB and water use data from a range of authorities.

The crop mapping provides accurate areas as it is based on a time series of high resolution
orthophotoimagery (scale accurate, digital, aerial photography). Crop details, such as crop type, area
and irrigation method, are derived from visual inte rpretation of the imagery, field surveys or input from
irrigators.

Comparison methodology

During the development of this report, the authors did not have shapefiles of this information. The
mapping and total area is based on figures and tables given in Argus et al. (2013).

For the purpose of comparison, the 2011312 irrigation season is used, as it is the latest information
provided in Argus et al. (2013) As the shapefiles were not available, it was not possible to calculate
irrigated area for different SA salinity zones.

2.2.2.3 Vears and Dakuwaga Koroisamanunu(VDK) Irrigation Footprint 2014
Origins

An irrigation footprint for 2014 was developed by DEW (Vears and Dakuwaga Koroisamanuny, 2014). It
is based on three datasets:

1. MSA Crop Data 201332014
2. 30 cm aerial photography (http://imagemapsa.env.sa.gov.au) covers Border to Lock 1
3. PIRSALand Use surveys 2015

The following method was applied to map the 2014 irrigation footprint from the SA border to
Wellington (L. Vears(DEW) 2015 pers. comm,10 December 2015):

1. The mostrecent version of the MSA data is the dataset to be updated (dataset with most recent
O0ti mgpdtdam titl e)
2. A new text attributdghis ¢iedatdedscabldedTh®id h4d ei t |
enable irrigated areas to later be selected while retaining the patches of land which are vacant
or land in transition in 2014. No polygons will be deleted using this method.
3. If an area is irrigated on 2014 aerial photo but is not mapped in MSA data then add polygon
and code as The&RIRSA dataset niay bre &useful to copy polygons depending on
scale of capture, however itis more likely to be mapped manually.
4, ' f an area is not irrigated on 2014 aeri al photo
6outd
Note that the aerial photography ends at Lock 1 and thus irrigation areas downward from Lock 1 to
Wellington were not u pdated in 2015.

Comparison methodology

For this study, irrigation footprint 2014 was expandedto identify irrigated and retire d lands below Lock
1 using the MSA Crop Data 20132014, Google Earth Pro imagery 2015 (Google Inc.) andS8A Land Cover
201002015 asa crossicheck. The atial extent of the VDK Irrigation Footprint 2014 is shown in Figure
29.
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2.2.3 Model derived data
2.2.3.1 Register Entry Models
Origin
See Section2.1.3

Comparison methodology

Theirrigation areas are exported directly from the models with an exception of Morgan to Lock 3 (ML3

2005) model. The ML3 2005 model applied a different approach to defining irrigation recharge zones,
where zones are included in the model only once irrigation recharge reaches the groundwater table.
This means that most of the irrigation in Woolpunda is not included in the model, as there are long lag

times between irrigation and the arrival of recharge to the watertable. Therefore the shapefiles used in
the ML3 2005 model report are used to calculate irrigation area.

The spatial extent of RegisterEntry Models current irrigation areas is shown in Figure 2.10.
2.2.3.2 2015 Update to AccreditedSalinity RegisterModels

Origin

See Section2.1.3

Comparisonmethodology

The irrigation areas are exported directly from the models. Figure 2.11 provides the spatial extent of
2015 update to accredited Salinity Register models.

2.2.3.3  Modelled future irrigation based onsite use approval (SUA)
Origin
See also Section2.1.3

A set of accredited Salinity Register models were updated in terms of their irrigation area in 2015
(Bushaway et al. 2015). It was a necessary precursor tSAMDBfuture scenario modelling work. In these
models, a dataset describing one possible future scenario for irrigation was developed.

In SA River Murray water license holders require a site use approvallSUA)in order to use water at a
specific site for irrigation. The unused volume isthe difference between how much water is permitted
for use and how much is currently being used (Bushaway et al. 2015).

Future irrigation areas were modelled using unused volume for each site use approval license located
within 24 irrigation districts fro m 7 groundwater models. The most recent data on unused volumes is
from the 2013014 water use year as indicated inTable 2.11. The unused volume was translated to an
area on ground, by assuming an application rate of 100 mm/y, and run through the groundwater
models.

Note that the calculation includes the SUA maximum volumes and metered usage for the purpose of
irrigation. It also includes prior commitment volumes that have not yet been claimed to its
corresponding SUA maximum volumes. The meters are linked to the SUA lased on the Water Resource
Work Approvals (WRWA) numbers. The effective usages of all the meters for the same SUA are summed
and compare to the corresponding maximum volume. The difference between the two is the unused
volume. Any negative unused volume is changed to zero. This is conservative as it ensures the unused
volumes, and hence future irrigation areas, are not underestimated.
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Comparison methodology

The irrigation areas are exported directly from the models. The spatial extent of modelled future

irrigation areas is shown in Figure 2.12

Table 2.11 Calculated unused volume for water year 2013 62014

DEW Technicalnote 2018/56

Description Volume (GL)
SUA maximum volumes for irrigation purpose 669.3
Effective usage of metered datafor irrigation purpose (2013 62014) 351.9
Unused volume 317.4
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2.4 lrrigatio n district and salinity zone

The irrigation datasets are analysedin terms of their irrigation districts (for BSM2030) and the salinity
zones used by the current Salinity Zoning Policy as at 3 October 2017.

2.4.1 Irrigation districts

The groundwater model project areas follow the River Murray between the SA Border to Wellington
and include 24 irrigation districts (Table2.12). Figure 2.13 shows the model irrigation district boundaries
and locations. For this study, only irrigation area located within the model domain s is considered.

The Kingston irrigation area is included in both the Woolpunda 2013 model and the older Pyap to
Kingston 2008 model. For this study, the Kingston irrigation area is assigned to the Pyap to Kingston
model area and the Kingston irrigation area within the Woolpunda project area is removed.

The Morgan to Wellington model domain covers a large area and consists of extensive irrigation
districts. Between Mannum to Murray Bridge and Murray Bridge to Wellington, the River Murray is close
to the left-hand model boundary (Figure 2.13). It appears that there are a number of irrigated lands
outside and near the left-hand model domain. In reality these areas are locatedclose enough to
contribute a salt load to the river and their incorporation into the model should be included in future
model reviews.

Table 2.12 Irrigation district by lock reach and model

No Irrigation district Model Register Lock reach
1 North Murtho PM2014 Lock 6

2 Central Murtho PM2014 Lock 6

3 South Murtho PM2014 Lock 6

4 Upper Pike PM2014 Lock 5

5 Middle Pike PM2014 Lock 5

6 Simarloo PM2014 Lock 5

7 Lyrup PM2014 Lock 5

8 Berri BR2007 Lock 5

9 Renmark BR2007 Lock 5

10 Bookpurnong LB2011 Lock 4

11 Loxton LB2011 Lock 4

12 Pyap PK2008 Lock 4

13 New Residence PK2008 Lock 4

14 Moorook PK2008 Lock 4

15 Kingston PK2008 Lock 4

16 Woolpunda WP2013 Lock 3

17 Cadell WM2012 Lock 2 to Morgan
18 Qualco Sunlands WM2012 Lock 2 to Morgan
19 Waikerie WM2012 Lock 2 to Morgan
20 Taylorville North WM2012 Lock 2 to Morgan
21 Morgan to Lock 1 MW2010 Morgan to Lock 1
22 Lock 1 to Mannum MW2010 Lock 1 to Mannum
23 Mannum to Murray Bridge MW2010 Mannum to Murray Bridge
24 Murray Bridge to Wellington MW2010 Murray Bridge to Wellington
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2.4.2 Salinity zones

The Salinity Zoning Policy as at 30 October 2017 is administered across three salinity impact zones-
high, low, and high (salt interception) (Water Allocation plan for the River Murray Prescribed
Watercourse 2017). The classification between high and low salinity impact zones is based on the
amount of salt that is generated in the long term (estimated as the 100 year impact) once an area is
irrigated. The zones have been determined bylrrigation SIMPACT (Miles et al, 2001), a GIS based model
which was improved in 2003 as the SIMPACT ZMiles, 2005)and the latest version Salinity Impact Rapid
Assessment Tool (SIMRAT) to identify areas where the same aount of drainage water will have different
salinity impacts (Fuller et al., 2005,Woods et al., 2016)

SIMRAT was designed as a rapid assessment tool that is used to evaluate regional scale impacts of salt
load entering the river valley (Fuller et al., 20®%). The model was developed in 2003 and theHigh Salinity
Zone (HS2 was defined based on existing knowledge and data at the time. There are five zones
generated by SIMRAT 2003:

High zone

Low zone
Bookpurnong SIS zone
Loxton SIS zone
QualcodSunlands zone

a ks wnh e

These zones define areas of varying impact from irrigation to future River Murray salinity levels. The
salinity zoning policy applies to applications to grant or vary site use approvals with a purpose of
irrigation within 15 kilometres of the 1956 flood li ne as shown inFigure 2.14.

The high salinity impact (Salt Interception) zone boundaries are within the high salinity impact zone and
reflect the zone of influence of the Loxton and Bookpurnong salt interception schemes to the nearest
cadastral boundary.

It is noted that the 2003 SIMRAT salinity zone is highland only, and hence omits some of the early
irrigation development s located on the floodplain. Our analysis covers irrigation areas inside and
outside the SIMRAT salinity zone.

2.5 Data processing

The tool used for area analysis isESRY ArcGIS.Model builder within the ArcGIS environment is used to
process data sets. The final shapefile for each datasetinalysed maps the spatial extent of the irrigation.
It contains the calculated irrigation area in hectares, identified salinity zones and irrigation districts.

Where possible, irrigated land and retired land are identified. Only irrigated land is used for area
calculation within the defined salinity zones and model irrigation districts.
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3 Results

In this section, we present the number of hectares of irrigation for each dataset. In Section 4, we discuss
the reason for the differences.

For the historical datasets, the results are presented for the 24 irrigation districts for each epoch. These
are then compared to the 2015 Update to the Accredited Salinity RegisterModels. This provides a guide
to how the Salinity Register models may be overdestimating the historical irrigation footprint. (Note,
however, that this may not mean an overdestimate of historical irrigation recharge, as historical recharge
is determined through inverse modelling.) The historical irrigation datasets are also compared to each
other to identify the strengths and limitations of the datasets.

The nine current irrigation datasets are summarised as SA Salinity Impact Zones to identify the best
approximation of current irrigation footprint and to support the S A &ainity Management program.

3.1 Historical irrigation

3.1.1 Irrigation areas
3.1.1.1 DEH irrigation eras and MSA crop data

Table 3.1 shows DEH/MSA estimates of irrigation area over time. All irrigation districts increase in area
over time, some rapidly while some slowly and consistently.

The total area grows from 37,608 ha in 1985 to 61,413 ha in 2015 Figure 3.1 shows DEH irrigation eras
and MSA Crop Datairrigation areas of different periods.
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Table 3.1 DEH irrigation eras and crop data irrigated area f  or all irrigation districts

I DEH irrigation eras and MSA crop data

Model . Irngatlon 18800 18800 18800 18800 18800 18800 18800

district/epoch
1985 1990 1995 2000 2005 2010 2015
PM2014 North Murtho 134 182 182 239 381 381 382
Central Murtho 1224 1250 1250 1618 1707 1763 1853
South Murtho 841 952 962 1233 1288 1288 1423
Upper Pike 200 200 268 306 375 389 435
Middle Pike 517 517 532 694 794 795 810
Simarloo 538 538 679 697 687 687 703
Lyrup 586 587 645 721 736 736 770
BR2007 Berri 6572 6572 7292 7802 7915 7915 7924
Renmark 4698 4698 5852 6390 6407 6407 6425
LB2011 Bookpurnong 457 630 995 1587 1616 1616 1622
Loxton 3444 3444 3661 3923 4184 4193 4193
PK2008 Pyap 460 474 721 852 1127 1134 1134
New Residence 800 800 890 1157 1185 1188 1188
Moorook 502 505 559 674 673 673 673
Kingston 299 336 374 875 833 837 846
WP2013 Woolpunda 314 315 1776 2191 3981 6909 6930
WM2012 Waikerie 2502 2503 2611 2882 2894 2894 2894
QualcodSunlands 2427 2538 3075 3580 3536 3536 3571
Cadell 557 557 727 861 900 901 904
Taylorville North 1257 1343 1649 1865 1901 1918 1940
MW2010 Morgan to Lock 1 676 678 891 1151 1241 1271 1294
Lock 1 to Mannum 1316 1318 2224 2812 3307 4802 4802

Mannum to Murray
Bridge 3399 3427 3567 3832 3949 4154 4154

Murray Bridge to
Wellington 3888 3894 4165 4475 4514 4542 4542
Total area 37608 38259 45546 52418 56130 60929 61413
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DEH irrigation eras and MSA Cropdata
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Figure 3.1 DEH irrigation eras and MSA Crop Data irrigation area of each irrigation district
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3.1.1.1 SA Land Cover

Identified irrigated areas from SA Land Cover data shows te total area grows from 32,681 ha in 1985
to 41,292 ha in 2015 (Table 3.2). Total irrigation area reduced from 40,822 ha in epoch 200052005 to
38,814 ha in epoch 200552010, presumably due to the millennium drought. Figure 3.2 shows SA Land
Cover irrigated area from different periods.

Table 3.2 SA land cover data irrigated area for all irrigation districts

SA Land Cover
Model Irri gation district/epoch 19873 19903 19953 20008 20058 20108
1990 1995 2000 2005 2010 2015
PM2014 North Murtho 111 122 120 261 335 344
Central Murtho 933 907 1241 1544 2541 2866
South Murtho 682 709 939 1097 1098 1176
Upper Pike 117 126 166 205 214 261
Middle Pike 452 442 626 748 724 765
Simarloo 395 403 458 415 335 406
Lyrup 541 541 597 632 617 628
BR2007 Berri 5828 5911 6179 6361 6013 6156
Renmark 4939 5081 5594 5563 5373 5545
LB2011 Bookpurnong 514 499 1094 1345 1441 1659
Loxton 2957 2983 3150 3403 3280 3417
PK2008 Pyap 305 312 369 599 737 820
New Residence 653 662 767 973 940 1006
Moorook 438 424 442 490 450 473
Kingston 257 257 645 872 872 923
WP2013 Woolpunda 291 666 1011 1133 1220 1294
WM2012 Waikerie 2222 2248 2383 2452 2414 2486
QualcodSunlands 1954 2019 2555 2820 2752 2994
Cadell 508 566 640 660 637 685
Taylorville North 865 925 1052 1069 975 1088
MW2010 Morgan to Lock 1 444 538 734 774 670 738
Lock 1 to Mannum 767 844 974 1086 1051 1315
Mannum to Murray Bridge 2847 2785 2760 2632 1645 1749
Murray Bridge to Wellington 3660 3653 3851 3690 2483 2499
Total area 32681 33622 38347 40822 38814 41292
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SA Land Cover
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Figure 3.2 SA Land Cover irrigation development of each irrigation district
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3.1.1.2  Salinity Register and accredited groundwater model irrigation area (1886
2014)

The models assume all irrigation districts expand over time. The total area grows from 41,037 ha in1985
to 71,717 ha in 2015 (Table 3.3). As irrigation continues to develop, more model irrigation recharge

areas become active to simulate the irrigation area expanding (Woods et al. 2014, p. 14). Once an
irrigation area commences it remains irrigated

Figure 3.3 shows Salinity Register and accredited groundwater models irrigation eras of different
periods.

Table 3.3 2015 update to a ccredited Salinity Register model irrigation areas

Irrigation 2015 update to the accredit ed model recharge area

Model R 18808 18808 18808 18808 18808 18808 18808
1985 1990 1995 2000 2005 2010 2015
PM2014 North Murtho 148 180 180 276 551 551 747
Central Murtho 1233 1787 1787 2388 3372 3721 4115
South Murtho 1004 1004 1004 1412 1491 1491 1653
Upper Pike 269 269 269 269 361 381 464
Middle Pike 637 637 637 900 927 933 1083
Simarloo 597 683 752 752 752 883 981
Lyrup 639 730 730 877 886 886 1000
BR2007 Berri 6898 6898 7180 7516 7631 7694 7711
Renmark 5636 5636 5693 6327 6392 6407 6411
LB2011 Bookpurnong 463 641 1009 1609 2125 2278 2278
Loxton 3516 3516 3766 3981 4819 4939 4939
PK2008 Pyap 452 452 683 814 1341 1342 1352
New Residence 828 828 911 1169 1527 1636 1636
Moorook 494 494 552 669 705 705 711
Kingston 192 198 229 724 951 963 969
WP2013 Woolpunda 237 275 1538 1835 4269 4497 6307
WM2012 Waikerie 2613 2676 2746 2958 3000 3002 3002
QualcodSunlands 3165 3460 3980 4126 4422 4498 4498
Cadell 562 562 714 825 1000 1019 1019
Taylorville North 1251 1251 1556 1766 2075 2112 2136
MW2010 Morgan to Lock 1 695 695 912 1176 1374 1855 1855
Lock 1 to Mannum 1363 1363 2238 2874 4062 6128 6128

Mannum to Murray
Bridge 3918 3918 4067 4279 4486 5248 5248

Murray Bridge to

Wellington 4227 4227 4498 4805 4998 5474 5474
Total area 41037 42380 47630 54326 63516 68643 71717
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2015 update to the accreditedhodel recharge area
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Figure 3.3 2015 update to the accredited salinity Register model irrigation area
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Figure 7.10 to Figure 7.15 in the appendix 7.3 provide comparison between independent datasets.

Figure 7.16 to Figure 7.22 in the appendix 7.4 provide comparison of model irrigation footprint s and DEH irrigation
eras and MSA Crop Data

Figure 7.23 to Figure 7.28 in the appendix 7.4 provide comparison of model irrigation footprints and SA Land
Cover.

3.1.2 Comparison of datasets and model footprints

This section compares all three historical irrigation datasets:

i. DEH irrigation eras and MSA Crop Datel88052014
ii. SA Land Cover irrigated area 19882015
iii. 2015 Update to the Accredited Models irrigation area 188062014

Figure 3.4 & Figure 3.10 show comparison between the three historical irrigation datasets. The graphs indicate that
in most irrigation districts, modelled recharge area is larger than the SA Land Cover estimated areaand DEH
irrigation eras and MSA crop data, particularly in the later epochs.
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Figure 3.4 Comparison of irrigation areas from all three historical datasets  for epoch 1880061985
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19851990
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Figure 3.5 Comparison of irrigation areas from all three historical datasets  for epoch 198581990
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Figure 3.6 Comparison of irrigation areas from all three historical datasets  for epoch 199061995
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Figure 3.7 Comparison of irrigation areas from all three historical datasets
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Figure 3.8 Comparison of irrigation areas from all three historical datasets
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Figure 3.9 Comparison of irrigation areas from all three historical datasets  for epoch 200562010
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3.2 Current irrigation

This section presents current irrigation area located as per SAsalinity zone policy, and irrigation district s. The results
are divided into three categories based on data sources: independent data sources, relded data sources and model
derived data.

The total irrigation area is calculated by summing all areas in salinity zones. The results are presented inTable 3.4
to Table3.6. Please note that the second column shows salinity zone area and is notiirigation area. Irrigation within
model project area can exceed that within the salinity zones, as the model project area is larger than the salinity
zones (e.g. Woolpunda and from Morgan to Wellington) . Information from SunRISE mapping surveys 20182012 is
not available for each irrigation district and thus is not on the graphs.

Figure 3.11 compares irrigation areas from different datasets by salinity zone. Figure 3.12 compares current irrigation
area from different datasets within irrigation districts.

Figure 7.2 to Figure 7.9 in the appendix show spatial distribution of current irrigation area from different datasets
within the Salinity Zoning Policy.

Of the independent data sources, SA Land Cover has the smallest areaptaling ~41,000 ha, then the PIRSA Land
Use Survey at ~52,000 ha, which is exceededby the Planted Vegetation Cover 2017 at ~62,000 ha. The differences
are particularly great for Woolpunda and below Lock 1. The Loxton SIS salinity zone is an exception, in that tke
Planted Vegetation Cover 2017 has less arealian the PIRSA Land Use Survey.

The three related datasets have similar total irrigated areas, of approximately 45,000 ha, somewhat more than the
SA Land Cover estimates, but substantially less than the PIRSAahd Use Survey and the Planted Vegetation Cover
2017. The VDKIrrigation footprint 2014 includes updated irrigation area below Lock 1 in 2017, which shows that

irrigation area has grown significantly within the Murray Bridge to Wellington reach compared to the MSA Crop
Data 201352014.

Of the modelled irrigation areas, the Register Entry Models have a total area of ~64,000 ha, while the more recent
Accredited Models use a slightly larger area of ~69,000 ha, mainly due to the observed growth of irrigation at
Murtho. These areas are larger than all the other datasets except the Planted Vegetation Cover 2017. As expected,
the Future Irrigation models, which assume all allocations are used, has a substantially larger area of ~98,000 ha,
more than 50% greater than the others.
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Table 3.4 Irrigation area from independent data sources

Salinity zones Zone area SA Land Cover PIRSA Land Use Planted Vegetation
y (ha) 2010062015 2015 Cover 2017

High zone 190208 22089 31053 26856
Low zone 782467 6643 13955 8339
Bookpurnong SIS zone 7604 1647 2063 2181
Loxton SIS zone 16361 3408 3973 4693
QualcodSunlands zone 16218 3024 4011 3534
Total salinity zone area 1012857

Irrigation within salinity zone n/a 36811 55055 45604
Irrlgatlon within model n/a 41292 62664 51748
project area

Table 3.5 Irrigation area from related data sources

Vears and Dakuwaga
- Zone area | Koroisamanunu MSA Crop Data SunRISE Mapping
Salinity zones o .
(ha) Irrigation Footprint 201362014 surveys 201162012
2014

High zone 190208 23474 23948 44080

Low zone 782467 8389 8447 n/a
Bookpurnong SIS zone 7604 1819 1790 n/a
Loxton SIS zone 16361 3451 3705 n/a
QualcodSunlands zone 16218 3267 3356 n/a

Total salinity zone area 1012857

Irrigation within salinity zone n/a 40401 41247 44080
Irrlgatlon within model n/a 45501 44001 44080
project area

Table 3.6 Irrigation area from groundwater models
Salinity zones Zone area Register entry Accredited models M Qde!led future
(ha) models irrigation

High zone 190208 31789 33986 47175

Low zone 782467 13345 15085 26059
Bookpurnong SIS zone 7604 2243 2243 3415
Loxton SIS zone 16361 4947 4947 6651
QualcodSunlandszone 16218 3930 4547 5515
Total salinity zone area 1012857

Irrigation within salinity zone n/a 56254 60807 88815
Irrigation within model n/a 64924 69680 97782

project area
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Independent datassources
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Model derived data
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Figure 3.11 Comparison of irrigation area from different datasets within salinity zones
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Independent data sources
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Figure 3.12 Comparison of current irrigation area from different d atasets within irrigation districts
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4 Discussion

The following section describes limitations of data and analysis encountered while undertaking these tasks. It
explains the reason for the differences in irrigated area between datasets. The datases are categorised into
independent, related and modelled irrigation data sources. Independent data sources are SA Land Cover, PIRSA
Land Use surveys 2015 and Planted Vegetation Cover 2017 which applied different methods of mapping. Related
data sources are MSA Crop Data, VDK Irrigation Footprint 2014, and SunRISE mapping, as the irrigation footprint
2014 and SunRISE mapping utilisedMSA Crop Dataas a reference to derive irrigation area. Modelled recharge areas
are in turn derived from DEH irrigation eras and MSA crop data.

4.1 Independent data sources

4.1.1 SA Land Cover 19812015

The SA Land Cover Model sd Most l' i kely |l ayer was (ireot
irrigation) at any given pixel, however, it provides a consistent description of the land cover types that persist or
change over time.

It was found that pivot irrigation areas are not easily identified through the SA Land Cover model, as this kind of
irrigation is temporary, The SA Land Cover model applied an average data over 5year periods where in some areas
pivot irrigation may only occur once every 4 -7 years.For this reason,pivot irrigation may not be clearly identified in
the SA Land Cover data. This partialarly affects regions with significant pivot irrigation, mainly Woolpunda and
below Lock 1.

Figure 4.1 displays SA Land Cover data pixels in yellow. fie pixels are scattering over a temporarily irrigated area
which can be seen from the background imagery. For new pivot irrigation areas, SA Land Cover does not capture
this information. It requires crossdchecking with the SA Land Cover continuous layers b check the likelihood and

confirm the existence of temporarily irrigation.

The most likely layers are known to contain some classification issues where a pixel is incorrectly allocated to a class.
This was confirmed by mapping the SA Land Cover overWorld Topographic Map (ESRI)on screen, as somenon-
irrigated vegetation near the river was classified as orchards/vineyards, exotic vegetation or irrigated nondwoody.

The methodology also means that there can be a time lag between planting and the appearance of the irrigated
area in the SA Land Cover dataFigure 4.2 shows the current irrigated land from World Topographic Map (ESRI)and
SA Land Coverdata. The top left corner displays SA Land Cover data when the actual area is a retired or land in
transition area. The bottom right circle shows SA Land Cover data delays capturing new irrigation area. The blue
outline is MSA Qrop Data boundary which closely matches actual irrigated land from World Topographic Map (ESRI)
than the SA Land Cover data.

Due to the issues with pivot irrigation, and the time dlag for new irrigation areas, SA Land Cover is likely to
underestimate irrigation area, and produces the smallest estimate of overall irrigation area of all the current datasets.
It provides a lower bound for the irrigation area.
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Figure 4.1 SA Land Cover data limitation of interpreting temporary irrigation area (pivot irrigation)

Figure 4.2 SA Land Cover 201082015 delays capturing new irrigation areas

As the SA Land Cover data is grouped into five year epochs, it cannot easily be used to assign atarting year for an
irrigation area.

The SA Land Cover data could be e-analysed from 5-yearly to yearly, and the cost of analysis for additional years
will be less because only the rechecking of exemplars would be required rather than the collection of new ones
through ground truthing (M. Royal (DEW)2017, pers.comm., 16 July 2017). However, the number of satellite data
pointsin a year may not be sufficient to produce an accurateresult. Exemplar dataare based on variance dimension
andrulesarebased on determinati on DYear épodh lkllewsyagsembliog/ method@hda s s .
structure selection of exemplars to improve accuracy and reduces bias.
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It was also noted that the first epoch (198781990) hasfewer images due to satellite availability and the last epoch
(201082015) has sensor error. However, the SA Land Cover dataset provide valuable lines of evidence of irrigation
trend over the years in addition to other existing datasets.

4.1.2 PIRSALand Use surveys 2015

The PIRSA Land Use surveys 2015 is not fully representative of the 2015 irrigation footprint as it is based on the
2008 Australian Collaborative Land Use and Management Program (ALUMP) dataset with some areas updated based

on aerial photographyfrom 2012, 2013 & 2014 (see attaciededpedat a,
actual irrigation footprint date ranges from 2012 62014, depending on location.

The classification used in the PIRSA dataset is different from the MSA Crop Data. The PIRSA Land Use surveys
contained several categories which sometimes map a larger area than the irrigated footprint. The ACLUMP method
should capture sub-parcel polygons from aerial photo s. However, there are some areas with mapping discrepancies,
see example below in

Figure43. Pur pl e shade i sl thesicdastsiidli cwittilonagmiucwal tured wh
is irrigated. Due to this, the PIRSA Land Use Survey is likely to overestimate irrigation areas, and it produces the
largest overall estimate of total irrigation area.

Figure 4.3 Example of Land use surveys 2015 classification and boundary
4.1.3 Planted vegetation cover 2017

The Planted Vegetation Cover 2017 data was captured using several data capture techniques, scale, sensitivities
and survey years. The focus was on identifying native vegetation while planted vegetation data was collected
on an ad hoc basis The dataset should not be assumed to represent all planted vegetation cover present in the
agricultural region of SA. Due to the limitations of the mapping methodology, some data integrity may have
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been lost when the data from different sources were being compiled. The topographic mapping team has
utilised the SALand Cover data to update the Planted Vegetation Cover in some areas and thus the latest update
is year 2017 (M. Royal (DEW)2017, pers.comm., 16 July 2017).

Figure 4.4 displays an example of the difference between independent data sources. The selected area is
Woolpunda which is known area for containing both temporary pivot and permanent irrigation. Within the
same epoch, each irrigation dataset provides different footprints, especially for mapping of temporary irrigation.

Woolpunda

River Murray

Floodplain

SA Land Cover
2010-2015

PIRSA Land Use

|:| 2015 irrigated

Woolpunda
project area_

Figure 4.4 Mapping inconsistency between independent data sources for current irrigation year 2015 62017

4.2 Related data sources

4.2.1 Crop data 200362014

When updated annually by the external service provider, the MSA Crop Data is generally of high quality, but there
are some unexplained omissions. MSA Crop Data 200804 and 2004305 is missing the Renmark irrigation area while
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MSA Crop data 2004305 is missing the Simarloo irrigation area. MSA Crop data was not updated in 2007812 (Table
4.1).

Table 4.1 Identified irrigated area from yearly crop data and anomalies

Crop data year Irrigated area ( ha) Note
2003804 42531 Renmark irrigation is missing
2004605 43406 Renmarkand Simarloo irrigation are missing
2005006 49259

2006607 50819

2007608 81763 No change in area and information
2008809 81763 No change in area and information
2009810 81763 No change in area and information
2010011 81763 No change in area and information
2011612 81763 No change in area and information
2012613 38020 Majorityof updat ed 2013 i s cl as§{
2013014 53781 Majority of wupdated 2014 i

The dataset includes classifications such as 6Vacantd

Plantation trees may require irrigation at early stage of establishment or to sustain them through a dry period, so it
is unclear as to whether a tree plantation is irrigated in any particular season. For this study, it is assumed not to be
irrigated.

Seasonal cropsor temporary irrigation are less reliably mapped as these crops can be moved or rotated from site
to site. Field crops often cover large areas so they have a significant impact on crop area calculations.

4.2.2 VDKIrrigation Footprint 2014

The VDK Irrigation Footprint was mapped directly on screen using photos as reference.As part of this study, it was
expanded to include the area below Lock 1. Cleared land and land in transition are excluded from this analysis. Only
visible irrigated land is accounted as footprint at 2014. It can be difficult to identify recently retired irrigation areas.
It is a onedoff dataset and there are no plans to update it over time.

4.2.3 SunRISE mapping

SunRISE Mapping generated information on areas that has been rounced to the nearest 5 ha. Areas less than 2.5
ha of a particular crop category or irrigation method in a River Reach, are excluded.

Figure 4.5 provides an example comparison of the related data sources. SUnRISE mapping is not included as we do
not have the shapefiles.
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\:| River Murray

Floodplain

Woolpunda

MSA Crop Data
2013-2014

Vears and
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Irrigation
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project area
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b
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Figure 4.5 Related data sources MSA Crop Data 2 013814 and VDK irrigation footprint 2014

4.3 Modelled irrigation areas

As the models were developed or updated at different times, some models contain more recent irrigation data than
others. In 2015, the Accredited Models were updated using the most recent MSA Crop Data. Identified new irrigation
areas were added to the existing irrigation. Irrigation retirement was not considered due to Visual MODFLOW
software limitations.

In the 2015 update, model irrigation area was defined by using MSA Crop Data and filtered by the field
O0CROPCATEGO® d ietnaositionnvgcant land and derelict land only. As described in Section 2.1.3 the
CROPCATEGO attribute contains many other lands and plantypes, e.g. native forest and windbreak, which should
not be included as irrigation area. This type of land use contributes to the overestimate of irrigation footprint in the
model. This will be corrected in future models.

There is a model interpolation or software limitation issue when importing irrigation shapefiles. The model maps
irrigation to rectangular grid cells, but polygon shapefiles are not usually rectangular and therefore software
interpolation can cause some discrepancies, especially for the pvot irrigation which represented by circle polygons.
In Woolpunda, it overestimates pivot irrigation area by about 3 -5 ha but underestimates permanent irrigation area
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by 38 ha. There are many pivot irrigation polygons used in the models such as North Murtho, Central Murtho,
Woolpunda and between Mannum to Murray Bridge. Conversion from irregular shape to a rectangular grid will
always contribute to discrepancy between actual on ground and modelled recharge area.

Model resolution also relates to model inter polation. The larger grid size is likely to overestimate recharge area. As
model resolution improves as model are revised, smaller cell size will improve accuracy of the rechargearea
represented in the model.

Future irrigation area is derived from an outwarddexpansion of existing irrigation areas. In reality, future irrigation
areas could be planted anywhere within reasonable pumping distant from the river.

Figure 4.6 displays modelled irrigation area for Register Entry models, 2015 Update to Accredited Models and future
irrigation. In the Register Entry models, an irrigation area remains irrigated once commenced. The 2015 updated
model added identified new irrigation areas to the existing irrigation and future irrigation expands from existing
irrigation.

Woolpunda

Figure 4.6 Modelled irrigation area for Salinity Reg ister models, accredited model and future irrigation
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http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/river-murray/issues-for-river-health/salinity/salinity-zoning-and-boundaries
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/river-murray/issues-for-river-health/salinity/salinity-zoning-and-boundaries
https://data.environment.sa.gov.au/Content/Publications/SA-Land-Cover-Layers-1987-2015-Technical-Summary.pdf
https://data.environment.sa.gov.au/Content/Publications/SA-Land-Cover-Layers-1987-2015-Technical-Summary.pdf
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