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Summary

The 2023 release of South Australia’s environmental trend and condition report cards summarises our understanding
of the current condition of the South Australian environment, and how it is changing over time.

This document describes the indicators, information sources, analysis methods and results used to develop this
report and the associated 2023 report cards:

e Streamflow
e Flow regime (zero flow days).
The reliability of information sources used in the report card is also described.

These report cards sit within the report card Water theme and Surface water sub-theme. Report cards are published
by the Department for Environment and Water and can be accessed at www.environment.sa.gov.au.
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1 Introduction

1.1 Environmental trend and condition reporting in SA

The Minister for Climate, Environment and Water under the Landscape South Australia Act 2019 is required to
‘monitor, evaluate and audit the state and condition of the State's natural resources, coasts and seas; and to report
on the state and condition of the State's natural resources, coasts and seas' (9(1(a-b)). Environmental trend and
condition report cards are produced as the primary means for the Minister to undertake this reporting. Trend and
condition report cards are also a key input into the State of the Environment Report for South Australia, which must
be prepared under the Environment Protection Act 1993. This Act states that the State of the Environment Report
must:

e include an assessment of the condition of the major environmental resources of South Australia (112(3(a))), and

e include a specific assessment of the state of the River Murray, especially taking into account the Objectives for
a Healthy River Murray under the River Murray Act 2003 (112(3(ab))), and

e identify significant trends in environmental quality based on an analysis of indicators of environmental quality
(112(3(b))).

1.2 Purpose and benefits of SA’s trend and condition report cards

South Australia’s environmental trend and condition report cards focus on the state’s priority environmental assets
and the pressures that impact on these assets. The report cards present information on trend, condition, and
information reliability in a succinct visual summary.

The full suite of report cards captures patterns in trend and condition, generally at a state scale, and gives insight to
changes in a particular asset over time. They also highlight gaps in our knowledge on priority assets that prevent us
from assessing trend and condition and might impede our ability to make evidence-based decisions.

Although both trend and condition are considered important, the report cards give particular emphasis to trend.
Trend shows how the environment has responded to past drivers, decisions, and actions, and is what we seek to
influence through future decisions and actions.

The benefits of trend and condition report cards include to:

e provide insight into our environment by tracking its change over time,

e interpret complex information in a simple and accessible format,

e provide a transparent and open evidence base for decision-making,

e provide consistent messages on the trend and condition of the environment in South Australia,
e highlight critical knowledge gaps in our understanding of South Australia’s environment, and

e support alignment of environmental reporting, ensuring we ‘do once, use many times'.

Environmental trend and condition report cards are designed to align with and inform state of the environment
reporting at both the South Australian and national level. The format, design and accessibly of the report cards has
been reviewed and improved with each release.
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1.3 Streamflow and flow regime

The streamflow and the flow regime (zero flow days) trend and condition report cards provide the trend and
condition of surface water resources in South Australia's prescribed water resource areas (PWRAs) and non-
prescribed areas at the Landscape Region scale. The surface water PWRAs include Barossa, Clare Valley, Marne-
Saunders, Morambro Creek and Nyroca Channel, Eastern Mount Lofty Ranges and Western Mount Lofty Ranges.
The non-prescribed areas include Kangaroo Island, the Limestone Coast, Northern and Yorke, Eyre Peninsula, and
SA Arid Lands. The River Murray is excluded from this technical document (and associated report card) and is
reported in a separate suite of report cards. The 2023 report cards are an update to the last set of report cards
produced in 2020. This document provides the technical background, data used, methodology and results that
underpin the report card.

Streamflow and flow regime are highly variable across the landscape, which presents challenges in providing an
assessment for the state as one geographical unit. Hence, the assessment was undertaken at multiple spatial scales
— individual monitoring sites, prescribed and non-prescribed areas, landscape regions — and the combined results
are presented as state-wide trend and condition. The trend and condition scores for streamflow and flow regime
were assessed using streamflow data collected from representative streamflow monitoring sites across the state.
Annual streamflow data from individual sites, that are considered representative for an area, were combined to
represent the entire area and for a common analysis period (1986 to 2022).
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2 Methods

This section describes the indicators, data sources, data collection for this report and the methods used to analyse
and present these data. Annual values for the indicators presented in this report correspond to the financial year or
‘water-use year' period (i.e. 1 July to 30 June), as defined in the Bureau of Meteorology Australian Water Information
Dictionary.

2.1 Indicators

The following indicators are used for the 2023 report cards to assess the trend and condition of the streamflow and
flow regime in the prescribed and non-prescribed water resource areas of South Australia:

e Trends in total streamflow (water quantity)

e Number of flowing days recorded at key monitoring locations across the state.

2.2 Data sources

The following data sources were used in the assessment of the flow regime and the streamflow of the prescribed
and non-prescribed surface water resources:

e Streamflow data for each prescribed and non-prescribed surface water area was taken from the Aquarius
database maintained by the Department for Environment and Water (DEW). Data are publicly available online
at https://water.data.sa.gov.au/

¢ Additional information regarding prescribed and non-prescribed surface water resources was taken from the
respective water allocation plans, annual surface water status reports, natural resource management plans, and
other hydrological reports and investigations which are available at www.waterconnect.sa.gov.au.

2.3 Prescribed and non-prescribed water resources areas (PWRAs and non-PWRAs)

Streamflow monitoring sites are operated throughout South Australia, with the exception of the Alinytjara Wilurara
landscape region. The water resources that are most heavily relied upon and those that have been identified as
being at the greatest risk of degradation, have been prescribed across the state and are actively managed through
Water Allocation Plans (WAPs) in Prescribed Water Resources Areas (PWRAs). Assessment of streamflow and flow
regime was undertaken at multiple spatial scales: individual sites, prescribed and non-prescribed areas, landscape
regions and the whole of the state (Figure 2.1). The selected surface water monitoring sites for each of the assessed
areas are provided in Table 2.1 and the selection criteria is provided in section 2.4.

The River Murray is excluded from this technical document (and corresponding report card) and is reported in a
separate suite of report cards.
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Table 2.1.

Prescribed areas

Non-prescribed areas

Area / Landscape Region

Barossa Northern and Yorke (NY)
Clare Northern and Yorke (NY)
Murraylands and Riverland (MR)

Marne Saunders

Morambro Limestone Coast (LC)

Eastern Mount Lofty Hills and Fleurieu (HF)

Ranges (EMLR)

Western Mount Lofty  Hills and Fleurieu (HF)
Ranges (WMLR)

Kangaroo Island (KI)

Limestone Coast (LC)

Northern and Yorke (NY)

Eyre Peninsula (EP)

SA Arid Lands (SAAL)

Areas used for the assessment of trends and condition for the indicators reporting.

Streamflow monitoring sites

North Para River at Yaldara (A5050502)
Wakefield River at Rhynie (A5060500)
Marne River at Marne Gorge (A4260605)

Saunders Creek at Saunders Gorge
(A4261174)

Morambro Creek (A2390531)

Finniss River at Yundi (A4260504)

Currency Creek near Higgins (A4260530)
Bremer River near Hartley (A4260533)
Angas River at Angas Weir (A4260503)
Scott Creek at Scott Bottom (A5030502)
River Torrens at Mount Pleasant (A5040512)
Sixth Creek at Castambul (A5040523)

Kersbrook Creek u/s Millbrook Reservoir
(A5040525)

Kangarilla Creek at Bakers Gully (A5030503)
Myponga River u/s Reservoir (A5020502)

Yankalilla Creek d/s Blackfellows Creek
(A5011006)

Onkaparinga River u/s Hahndorf dissipater
(A5031001)

Inman River u/s Treatment works (A5010503)
Rocky River u/s Gorge Falls (A5130501)
Timber Creek at South Coast Rd (A5131002)
Middle River u/s Reservoir (A5131015)
Mosquito Creek (A2390519)

Tatiara Creek at Bordertown (A2390534)
Broughton River at Mooroola (A5070503)
Hill River at Andrews (A5070500)

Hutt River near Spalding (A5070501)

Tod River (A5120500)

Diamantina River @ Birdsville (A0020101)
Cooper Creek (A0030501)

Willochra Creek (A5090502)
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Figure 2.1. Streamflow monitoring sites across the landscape regions of SA. *Two sites in the far-north of the SA Arid
Lands region are to the north of the map extent.
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2.4 Spatial data aggregation

Streamflow spatial data aggregation for the total streamflow and flow regime analysis was undertaken at multiple
spatial scales from individual sites, prescribed and non-prescribed areas, landscape regions and the whole of the
state. There is an assumption here that the sites selected for streamflow are a representative cross section of the
sites across each of the areas assessed. Any biases in the site selection, due to limited streamflow monitoring
infrastructure and data, will significantly influence the overall results.

2.4.1 Streamflow

For areas with unconnected catchments that are highly developed and with variable hydrology, like the Eastern and
Western Mount Lofty Ranges PWRA, the total annual streamflow was calculated by adding annual streamflow from
monitoring sites from individual catchments within the area.

A single streamflow monitoring site was used as a representative site in areas where there is limited streamflow
monitoring infrastructure and data. A single site was also used where streamflow monitoring is located at the end
of the system that captures the total streamflow for the area. The same representative streamflow monitoring sites
used for the total streamflow metric were used for the flow regime analysis.

2.5 Data analysis
2.5.1 Streamflow

Daily streamflow observations were used from selected DEW monitoring sites to calculate annual streamflow (July
to June). Annual totals for the 1986 to 2022 period of record were calculated at each spatial scale as the sum of the
annual values from all the sites represented at that scale. For instance, the total streamflow at the prescribed and
non-prescribed area scale is presented as the sum of all the sites within an area (e.g., annual streamflow for EMLR
prescribed area is presented as the sum of annual values for the Finniss River, Currency Creek, Bremer River, and
Angas River). Annual streamflow was estimated using a double mass analysis for sites with partial records. The
double mass analysis approach, which fits a linear regression using the calculated cumulative annual flows (observed
data) for two nearby sites with a strong correlation (>0.9), was used to infill periods with missing records for sites
with partial records.

2.5.2 Flow regime

The term ‘Flow regime’ refers to the timing, duration, magnitude, and frequency of flows through a watercourse.
For instance, the temporal variability of streamflow events significantly influences aquatic biodiversity, with longer
flowing periods linked to ecosystems with higher diversity and supporting more sensitive species. Physical and
chemical processes such as nutrient transport and groundwater-surface water interactions are also heavily
influenced by the flow regime. The key identified part of the flow regime used for this assessment is intermittency,
as this is considered to be the master variable driving aquatic ecosystem condition in seasonal or ephemeral rivers
(Datry et al. 2014).

Intermittency, measured as annual number of flowing days, is the flow regime metric assessed and reported in this
document. Evaluation of this metric provides a simple yet effective assessment of the waterway flow regime of
seasonal or ephemeral rivers. The annual number of flow days (July to June) is measured as the number of days with
total streamflow greater than 0. Years with more than 5% missing data were removed from the assessment to limit
the impact of missing data being interpreted as days with no flow. No infilling of data was undertaken.

The flow regime assessment was undertaken for the same period as the streamflow assessment, from 1986 to 2022,
except for the Angas River in the Eastern Mt Lofty Ranges. The Angas River site was used for water supply until 1995
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and the cessation of this extraction resulted in a significant change in the flow regime. To account for this, the Angas
River site only reports on data from 1996 onwards.

2.6 Methods to assign trend, condition and reliablity
2.6.1 Trend

The trend for total streamflow and flow regime (number of flowing days per year, July to June) was analysed using
a Bayesian linear modelling approach. This modelling approach was used as it provides more information
surrounding the results over a simple linear regression. Bayesian modelling also provides credible intervals allowing
for an objective and transparent assessment of trend, as it provides an estimate of the likelihood of the trend
assessed.

Data modelling was performed without any transformations since the data were normally distributed. To assess the
total streamflow data, a Gaussian distribution was used. Meanwhile, the flow regime was assessed using a negative
binomial distribution given that the values were integers. There were no assumptions made about the prior
distribution of the data in any of the modelling runs. All other default settings were retained during the modelling
process.

Modelling was undertaken using a Gaussian model in R Studio (version 2022.02.2+485 "Prairie Trillium", R version
4.2.0 (2022-04-22 ucrt) [R Core Team, 2013]) using Bayesian Generalized Linear Models (implementing the stan-glm
function in the rstanarm package [Stan Development Team 2016]). A total of 5000 iterations was used for each
model run for each metric (i.e. streamflow and flow regime). The proportion of positive/negative slopes are reported
along with the mean slope and confidence intervals around the mean.

The Area model (covering either prescribed or non-prescribed areas as defined in Table 2.1.) was run as metric (i.e.
annual streamflow or annual flow days) against year (i.e. 2021-22, July to June) by area with a random factor of site.
The Landscape Region model was run as metric against year by landscape region with a random factor of site. The
State model was run as metric against year with a fixed factor of area (defined in in Table 2.1) and a random factor
of site. The model for individual sites was run as metric against year with no additional random or fixed factors for
each site individually. Random factors are used where there is not data for every possible option (i.e., there are more
sites per area than are represented in the data). Fixed factors are used where all possible options are represented in
the data (i.e, all the defined areas have data). The Bayesian linear modelling approach provides a very robust
assessment of trend with a high level of confidence in the result.

Trend for each metric and model was classified based on the proportion of positive or negative slopes returned by
the 5000 modelling iterations following the IPCC classification system (Mastrandrea et al. 2010) is provided in Table
Table 2.2. A final trend and description based on the IPCC classification are also provided in Table Table 2.2..
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Table 2.2.  Definition of trend classes used

Proportion of
negative slopes

>=0.99
0.95 - 0.9899
0.90 — 0.9499
0.66 — 0.8999
0.33 - 0.6599
0.10 - 0.3299
0.05 - 0.0999
0.01 - 0.0499

<=0.01

2.6.2 Condition

IPCC Classification

Virtually certain decrease
Extremely likely decrease
Very likely decrease

Likely decrease

Stable

Likely increase
Very likely increase
Extremely likely increase

Virtually certain increase

Report card

trend

Getting worse

Stable

Getting better

Unknown

Not applicable

Description

Over a scale relevant to tracking change,
the indicator is declining in status with
good confidence

Over a scale relevant to tracking change,
the indicator it is neither improving nor
declining in status

Over a scale relevant to tracking change,
the indicator is improving in status with
good confidence

Data are not available, or are not
available at relevant temporal scales, to
determine any trend in the status of this

resource

This indicator of the natural resource
does not lend itself to being classified
into one of the above trend classes

The assessment of condition for total streamflow and flow regime (number of flowing days per year, July to June)
was based on the percentile of the annual streamflow volume and the percentile of annual number of flowing days
for the most recent year (2021-22). Assuming that environmental, economic and social expectations have evolved
based on the historical distribution of streamflow, the following percentile rating system was used to give a condition
score and the definitions for each condition assessment are provided in Table 2.3.
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Table 2.3.  Definition of condition classes used for total streamflow and flow regime

Condition Description Threshold

The natural resource is in a state that meets all environmental, economic, and

. . L . ) Greater than
social expectations, based on this indicator. Thus, desirable function can be

Very good expected for all processes/services expected of this resource, now and into ortﬁqual to t'he
L 90" percentile
the future, even during times of stress (e.g., prolonged drought)
The natural resource is in a state that meets most environmental, economic, Greater than
and social expectations, based on this indicator. Thus, desirable function can or equal to the
Good be expected for only some processes/services expected of this resource, now 30" percentile
and into the future, even during times of stress (e.g., prolonged drought) but less than
90™ percentile
The natural resource is in a state that does not meet some environmental,
economic, and social expectations, based on this indicator. Thus, desirable Between the
Fair function cannot be expected from many processes/services expected of this 30" and the
resource, now and into the future, particularly during times of stress (e.g., 10" percentile
prolonged drought)
The natural resource is in a state that does not meet most environmental,
economic, and social expectations, based on this indicator. Thus, desirable Less than or
Poor function cannot be expected from most processes/services expected of this  equal to the
resource, now and into the future, particularly during times of stress (e.g., 10" percentile
prolonged drought)
Data are not available to determine the state of this natural resource, based
Unknown S -
on this indicator
Not This indicator of the natural resource does not lend itself to being classified

applicable  into one of the above condition classes

2.6.3 Reliability

Information is scored for reliability based on the minimum of subjective scores (1 [worst] to 5 [best]) given for
information currency, applicability, level of spatial representation, and accuracy. Definitions guiding the application
of these scores for each category are provided in Table 2.4.
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Table 2.4.

Score
given

Guides for scoring information currency, applicability, spatial representation, and accuracy of information

to determine reliability

Information
currency

Information
>10 years old

Information up
to 10 years old

Information up
to 7 years old

Information up
to 5 years old

Information up
to 3 years old

Information applicability

Data are based on expert
opinion of the measure

All data based on indirect
indicators of the measure

Most data based on indirect
indicators of the measure

Most data based on direct
indicators of the measure

All data based on direct
indicators of the measure

2.7 Data transparency

Spatial representation

From an area that represents less
than 5% the spatial distribution
of the asset within the
region/state or spatial
representation unknown

From an area that represents less
than 25% the spatial distribution
of the asset within the
region/state

From an area that represents less
than half the spatial distribution
of the asset within the
region/state

From across the whole
region/state (or whole
distribution of asset within the
region/state) using a sampling
design that is not stratified

From across the whole
region/state (or whole
distribution of asset within the
region/state) using a stratified
sampling design

Data transparency for this report card is represented in Appendix 5.1 and 5.2.

Information
accuracy

Better than
could be
expected by
chance

> 60% better
than could be
expected by
chance

> 70 % better
than could be
expected by
chance

> 80 % better
than could be
expected by
chance

> 90 % better
than could be
expected by
chance

DEW Technical report 2023/59
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3 Results

3.1 Trend

3.1.1 Streamflow

Annual streamflow volumes (in megalitres [ML]) for the prescribed areas are presented from Figure 5.1 to Figure 5.6

and from Figure 5.8 to Figure 5.12 for the non-prescribed areas. A consolidated chart of streamflow volumes from
each prescribed and non-prescribed area is represented in Figure 5.7 and Figure 5.13.

At the site scale, of the 29 flow monitoring sites that were assessed, 28 were classed as 'getting worse’ with the
percentage of negative slopes varying from ‘likely decrease’ to ‘virtually certain decrease’, and only Willochra Creek

was classed as ‘getting better’. The trend result for Willochra Creek is heavily biased due to the unprecedented flows

experienced two years in a row from 2018 to 2020 which are by far the highest flows on record for this site. The

results for the site scale analysis are summarised in Table 3.1.

Table 3.1.  Summary of the Bayesian model outputs (5000 iterations) used to assess the streamflow trend at the site

scale
Mean Percentage Lower 90% Upper 90%
Site slope (ML of negative confidence confidence
per year) slopes interval interval
Yaldara (A5050502) -372.48 97.8% -682.43 -72.56
(X\;aok:ggz) -85.45 66.4% 40893 23122
'\:':;gchg%e 20965  99.2% 34970  -74.49
Saunders o
(A4261174) -18.17 98.7% -31.25 -4.73
ge) Morambro
o -125.08 96.2% -239.60 -10.28
0
c (A2390531)
4
o
Finniss (A4260504) -476.44 98.9% -797.02 -133.22
( Acrgg%";%) 16626  100.0%  -25198  -8050
Bremer (A4260533) -370.81 94.8% -736.87 4.59
Angas (A4260503) -108.18 93.4% -228.36 11.53
Scott Creek 6740  989%  -11147  -2325

(A5030502)

IPCC trend
classification

Extremely
likely
decrease
Likely
decrease
Virtually
certain
decrease
Extremely
likely
decrease
Extremely
likely
decrease
Extremely
likely
decrease
Virtually
certain
decrease
Very likely
decrease
Very likely
decrease
Extremely
likely
decrease

Report card trend

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

Getting worse

DEW Technical report 2023/59

11



Mount Pleasant Likely

-24.66 76.5% -81.01 3245 Getting worse

(A5040512) decrease
Sixth Creek o Likely .
(A5040523) 83.94 81.5% 240.37 69.31 decrease Getting worse
Kersbrook o Likely ,
(A5040525) -27.26 79.4% -86.01 26.01 decrease Getting worse
Bakers Gully o Likely .
(A5030503) -43.81 75.5% -149.81 62.08 decrease Getting worse
Myponga i o ) Very likely .
(A5020502) 86.44 92.0% 185.18 13.98 decrease Getting worse
. Extremely
Yankalilla . .
-107.64 29 -214.7 -1. likel
(A5011006) 07.6 95.2% 5 50 ; ikely Getting worse
ecrease
nmanValley 4195 660% 20602 12550 Likely Getting worse
(A5010503) ' e ' ’ decrease 9
Rocky River o Likely .
(A5130501) -122.50 79.9% -356.06 119.16 decrease Getting worse
Timber Creek o Likely .
(A5131002) -78.73 86.4% -204.26 4429 decrease Getting worse
Middle River o Very likely .
(A5131015) -153.95 91.4% -339.76 31.95 decrease Getting worse
. Extremely
Mosquito Creek . .
-703.25 98.9% -1190.95 -214.14 likel Getting worse
(A2390519) ’ decre;/se ’
Virtually
Tatiara (A2390534) -159.82 100.0% -235.77 -81.76 certain Getting worse
decrease
© . Extremely
()
§ BroughtonRier . 96 g973% 136255  -111.07 likely Getting worse
5 (A5070503) decrease
()
S I Extremely
S Hill River 11450  955%  -227.60  -3.31 likely Getting worse
> (A4260530) d
ecrease
Hutt River i o ) Very likely .
(A5070501) 143.41 91.8% 311.60 24.87 decrease Getting worse
Tod River o ) Very likely .
(A5120500) 108.42 7.8% 22.65 237.61 increase Getting better
Diamantina River @ Likel
Birdsville -12099.11 69.4% -54221.27 28959.56 decre:;/se Getting worse
(A0020101)
Cooper Creek o ) Very likely .
(A0030501) 4283999 91.1% 95490.17  11756.69 decrease Getting worse
. Virtually
Willochra Creek o . ,
(A5090502) 841.00 0.9% 226.25 1478.62 ig(é:’:lge Getting better

At the prescribed and non-prescribed area scale (defined in Table 2.1), all areas were classed as getting worse with
the proportion of negative slopes indicating ‘likely decrease’ for 8 of the areas, one indicating ‘very likely decrease’
(Barossa PWRA), and one ‘extremely likely decrease’ (SAAL, Table 3.1 and Figure 3.1). The distribution of the
modelled slopes for each area is presented in Figure 3.1.
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Barossa
Clare
EMLR
WMLR -
Eyre P
SAAL -
Kl
NY -
LC

Morambro Creek -

Marne Saunders - Marne Saunders

Prescribed and non-prescribed regions

LC- Morambro Creek
Kl - NY
Eyre P - SAAL
EMLR - WMLR
Clare -
Barossa -

1 I ]
Negative trends 0 Positive trends
Distribution of the modelled trends

Figure 3.1. Density plots showing the distribution of negative and positive slopes of streamflow data modelled by

the Bayesian trend assessment for the prescribed and non-prescribed areas as defined by Table 2.1.
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Table 3.2.
prescribed or non-prescribed area scale.
Mean
Area
per year) slopes
Barossa -2054.63 91.8%
Clare -1780.99 72.8%
o
& Marne Saunders  -1859.79 79.2%
o]
2 Morambro Creek  -1870.49 74.2%
EMLR -1831.25 82.5%
WMLR -1769.76 85.9%
KI -1792.89 82.4%
e, LC -1956.37 80.3%
8
§ NY -1836.07 82.1%
=
5 EP -1858.85 71.7%
z
SAAL -3804.53 96.9%

Percentage Lower 90% Upper 90%
slope (ML of negative confidence confidence

interval

-4574.60

-6421.84

-5607.85

-6715.44

-4924.75

-4520.84

-5111.00

-5811.84

-5075.41

-7419.46

-7282.44

interval

432.52

2793.23

1832.83

2900.71

1493.23

928.93

1621.66

1824.94

1540.61

3685.56

-463.99

IPCC trend
classification

Very likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Likely
decrease
Extremely
likely
decrease

Summary of the Bayesian model outputs (5000 iterations) used to assess the streamflow trend at the

Report card trend

Getting worse
Getting worse
Getting worse
Getting worse
Getting worse
Getting worse
Getting worse
Getting worse
Getting worse

Getting worse

Getting worse

The data from prescribed and non-prescribed areas also indicate that the frequency of subsequent above average
flow years has decreased since the early 1990s and there is an increased number of below average streamflow years
over the last decade (Table 3.3). For the prescribed areas, there is a drying pattern with streamflow as you move

northwards.
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(70-100th percentile) annual streamflow over the last decade for the prescribed and non-prescribed

Table 3.3.
areas.

Area

Barossa
o Clare
=2 Marne Saunders
O
$ Morambro Creek
“  EMLR

WMLR
gl Kl
3
o= LC
A
L NY
o
c EP
o
z SAAL

Below average*
0-30t" percentile

5

w 4 A W NN W M U1 W

3

Average
30-70t percentile

4

oV O M O U DM W

*Based on a simplified Bureau of Meteorology percentile! classification

Above average
70-100t percentile

1

= U1 W NWwW NN DN =N

Number of years with below average (0-30th percentile), average (30-70th percentile) or above average

The assessment at the landscape region scale also showed consistent decreasing trends with all regions classified
as 'getting worse' (Figure 3.2 and Table 3.4). The proportion of negative slopes classed 5 regions as ‘likely decrease’,
one as ‘very likely decrease’ (EP), and one as ‘extremely likely decrease’ (SAAL). The Cooper and Diamantina rivers
in SAAL have significantly larger catchment areas and therefore experienced significantly larger flows than Willochra
Creek. Consequently, at the landscape level, the Willochra site has very little influence on the total flow trend result.
The state scale assessment showed an overall negative trend and was classed as ‘getting worse’ with over 90% of
modelled slopes being negative and indicating a ‘very likely decrease’ (Table 3.4).

1 The nth percentile of a set of data is the value at which n% of the data is below it. For example, if the 75th percentile annual flow is 100 ML, 75% of the years on record had

annual flow of less than 100 ML. Median streamflow: 50% of the records were above this value and 50% below. Decile: a division of a ranked set of data into ten groups with

an equal number of values. In this case, e.g. the first decile contains those values below the 10th percentile.
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Figure 3.2.

Table 3.4.

Landscape
Region

EP
HF
KI
LC
MR
NY
SAAL

State

B +F

5 . EP
‘D SAAL -
o - Kl
§ NY - |:| NY
4 . SAAL
2 MR-
c
- B =
- LC- . Lc

Kl -

HF -

EP- :

] I 1
Negative trends 0 Positive trends

Distribution of the modelled trends

Density plots showing the distribution of negative and positive slopes of streamflow modelled by the

Bayesian trend assessment for the landscape regions as defined by Table 2.1.

Summary of the Bayesian model outputs (5000 iterations) used to assess the trend of streamflow at the

landscape region scale and the state scale.
Mean slope Percentage Lower 90% Upper 90%

(ML per of negative confidence confidence IPC(.: t rer.id Report card trend
. . classification
year) slopes interval interval
209088 910% 465417 443g9 o lkely Getting worse
decrease
Likely .
-1750.95 86.6% -4424.17 875.33 Getting worse
decrease
Likely .
-1907.95 81.1% -5357.16 1445.41 Getting worse
decrease
Likely .
-1856.56 81.6% -5126.56 1641.31 Getting worse
decrease
Likely .
-1954.83 79.3% -5771.38 1974.09 Getting worse
decrease
Likely :
-1879.04 83.8% -4818.26 1215.00 Getting worse
decrease
3882235  96.5% 723508 -44657 | Cxiremely Getting worse
likely decrease
-2064.231  91.8% 4519.86 39738  Verylikely Getting worse
decrease
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3.1.2 Flow regime (Number of flowing days)

At the site scale, of the 29 flow monitoring sites that were assessed, 10 were classed as ‘getting worse’ with the
proportion of negative slopes varying from ‘likely decrease’ to ‘virtually certain decrease’ and 19 sites were classed
as 'stable’, while no sites were classed as ‘getting better’. The results for the individual sites are summarised in
Table 3.5.

Table 3.5. Summary of the Bayesian model outputs (5000 iterations) used to assess the flow regime trend at the site
scale
Mean slope Percentage Lower 90% Upper 90%
. . . . IPCC trend
Site (flow days of negative confidence confidence lassification Report card trend
per year) slopes interval interval classificatio
Yaldara -0.009 94.8% -0.017 0.000 Very likely Getting worse
(A5050502) decrease
Wakefield -0.001 55.4% -0.007 0.006 Stable Stable
(A5060500)
Marne Gorge -0.068 90.2% -0.153 0.020 Very likely Getting worse
(A4260605) decrease
-0.144 96.3% -0.281 -0.013 Extremely Getting worse
Saunders likely
(A4261174)
decrease
Morambro -0.037 93.8% -0.078 0.003 Very likely Getting worse
(A2390531) decrease
Finniss 0.000 52.6% -0.007 0.006 Stable Stable
(A4260504)
Currency -0.001 53.9% -0.011 0.010 Stable Stable
(A4260530)
Bremer -0.014 91.3% -0.031 0.003 Very likely Getting worse
= (A4260533) decrease
3 Angas 0.000 51.7% -0.014 0.014 Stable Stable
5 (A4260503)
&’ Scott Creek -0.002 72.6% -0.009 0.004 Likely Stable
(A5030502) decrease
-0.011 97.6% -0.019 -0.002 Extremely Getting worse
Mount Pleasant likely
(A5040512)
decrease
Sixth Creek -0.001 58.5% -0.008 0.006 Stable Stable
(A5040523)
Kersbrook -0.004 72.9% -0.016 0.008 Likely Stable
(A5040525) decrease
Bakers Gully -0.015 99.8% -0.023 -0.007 Virtua.lly Getting worse
(A5030503) certain
decrease
Myponga -0.002 64.6% -0.009 0.006 Stable Stable
(A5020502)
Yankalilla 0.002 46.1% -0.035 0.040 Stable Stable
(A5011006)
Inman Valley 0.000 49.3% -0.012 0.012 Stable Stable
(A5010503)
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Rocky River -0.004 79.8% -0.013 0.004 Likely Stable

(A5130501) decrease
Timber Creek -0.019 81.5% -0.054 0.016 Likely Stable
(A5131002) decrease
Middle River 0.021 39.9% -0.118 0.161 Stable Stable
(A5131015)
Mosquito Creek -0.066 100.0% -0.087 -0.045 Virtua'lly Getting worse
(A2390519) certain
decrease

Tatiara 0.004 23.7% -0.006 0.014  Likely increase Stable
(A2390534)

° Broughton River 0.000 51.7% -0.008 0.008 Stable Stable

2 (A5070503)

5 Hill River -0.019 82.4% -0.054 0.015 Likely Stable

S (A5070500) decrease

é HUtt River -0.020 99.9% -0.030 -0.011 Vci;l::ilrl]y Getting worse
(A5070501)

decrease

Tod River 0.000 47.2% -0.015 0.015 Stable Stable
(A5120500)
Diamantina -0.002 59.6% -0.015 0.011 Stable Stable
River @
Birdsville
(A0020101)
Cooper Creek -0.009 91.9% -0.019 0.002 Very likely Getting worse
(A0030501) decrease
Willochra Creek 0.026 15.4% -0.016 0.068  Likely increase Stable
(A5090502)

At the prescribed and non-prescribed area scale (defined by Table 2.1), all areas were classed as ‘getting worse” with
the exception of Eyre Peninsula. For all of the areas, except the Eyre Peninsula, the percentage of negative slopes
was greater than 95%, with five areas showing 100% negative slopes (Table 3.6 and Figure 3.3). The overall
assessment of regions getting worse, despite multiple sites showing stable trends, is due to the manner in which
the modelling process scales up to the regional scale. As there is not data for everywhere in the region, the model
assumes overall regional trend based on the combined trends of sites within the region as well as the overall
combined trends across the state to build an overall picture. In this instance, the stable trends (most of which are
slightly negative but not strong enough to warrant a ‘getting worse’ trend result) were insufficient to overcome the
strong negative trends observed across the region. This is considered a suitable approach when the objective is to
inform a state-wide assessment of trend and condition. It is also worth noting that the magnitude of the trend is
not what denotes the final trend result, rather it is the consistency of negative trend results (regardless of their
magnitude).
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WMLR -

SAAL -

NY -
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Distribution of the modelled trends
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Clare
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Morambro Creek
NY
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Figure 3.3. Density plots of the slopes of the number of flowing days by area modelled by the Bayesian trend

assessment for the areas as defined by Table 2.1.
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Table 3.6. Summary of the Bayesian model outputs (5000 iterations) used to assess the flow regime trend at the
prescribed and non-prescribed area scale
Mean
slope
(flow days
per year)

Percentage Lower 90% Upper 90%
of negative confidence confidence
slopes interval interval

IPCC trend

Area e
classification

Report card trend

Virtually
Barossa -0.009 100.0% -0.012 -0.006 certain Getting worse
decrease
Extremely
Clare -0.007 95.3% -0.013 0.000 likely Getting worse
decrease
Virtually
Marne Saunders -0.014 99.6% -0.022 -0.005 certain Getting worse
decrease
Virtually
Morambro Creek -0.016 100.0% -0.023 -0.009 certain Getting worse
decrease
Virtually
EMLR -0.007 99.6% -0.012 -0.002 certain Getting worse
decrease
-0.008 100.0% -0.011 -0.004 Virtually Getting worse
WMLR certain
decrease
-0.008 99.1% -0.014 -0.002 Virtually Getting worse
KI certain
decrease
-0.014 100.0% -0.019 -0.009 Virtually Getting worse
LC certain
decrease
-0.010 100.0% -0.015 -0.006 Virtually Getting worse
NY certain
decrease
-0.006 87.9% -0.016 0.003 Likely Stable
decrease
-0.006 98.6% -0.011 -0.002 Extremely Getting worse
SAAL likely
decrease

Prescribed

Non-prescribed

EP

The assessment at the landscape region scale also showed consistent decreasing trends with all regions classified
as 'getting worse’ (Figure 3.4 and Table 3.7). At this scale all the landscape regions showed greater than 99% negative
slopes and four showed 100% negative slopes. The state scale assessment showed an overall negative trend and
was classed as ‘getting worse’ with 100% of modelled slopes being negative and indicating a ‘virtually certain
decrease’ (Table 3.7). The same explanation regarding individual sites being stable but the landscape region result
being negative described for the region scale applies for this assessment too.
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Figure 3.4.

Table 3.7.

Landscape
Region
EP
HF
KI
LC
MR
NY
SAAL

State

[} B 1 '
Negative trends 0 Positive trends

Distribution of the modelled trends

B +F
B <
5
'g) SAAL - - EP
< - - KI
& |:| NY
Q
35 MR- - SAAL
[ -
(1]
—-  |c- - MR
- LC
- ' []
! GA
HF - :
|}
EP- :

Density plots of the slopes modelled by the Bayesian trend assessment for the landscape regions as

defined by

Table 2.1.

Summary of the Bayesian model outputs (5000 iterations) used to assess the flow regime trend at the at

the Landscape Region and State scales.

Mean

slope  Percentage Lower 90% Upper 90% IPCC trend

(flow of negative confidence confidence classification Report card trend

days per slopes interval interval

year)

-0.009 100.0% -0.012 -0.006 Virtually certain Getting worse
decrease

-0.008  100.0% -0.011 -0.004 Virtually certain Getting worse
decrease

-0.008 99.2% -0.014 -0.003 Virtually certain Getting worse
decrease

0015 100.0% -0.019 -0.010 Virtually certain Getting worse
decrease

-0.014 99.6% -0.022 -0.006 Virtually certain Getting worse
decrease

0009 100.0% -0.013 -0.005 Virtually certain Getting worse
decrease

-0.006 98.9% -0.011 -0.002 Extremely likely Getting worse
decrease

0009 100.0% 0012 -0.006 Virtually certain Getting worse
decrease
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3.2 Condition
3.2.1 Streamflow

Across the state there was considerable variability in the classification of the condition of the streamflow for 2021-
22 (Table 3.8). At the individual site scale, the percentile ranged from ‘poor’ to ‘very good'.

The poorest conditions were observed for the NY where 3 of the 5 sites were classified as ‘poor’, with the Hill River
(A5070500) not recording any flow for 2021-22. Rocky River (A5130501) in Kl recorded the best condition and was

classified as “very good”.

The condition assessment for the Landscape Regions defined in Table 2.1 classified EP, HF, KI and SAAL as ‘good’
and LC, MR and NY as ‘fair’ (Table 3.8). The overall condition for the State was classed as ‘good’ for the most recent
year on record (2021-22).

The streamflow data used for the trend and condition analysis are presented in the Appendix 5.3 Streamflow data -
Prescribed areas and 5.45.4 Streamflow data - Non-prescribed areas.
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Table 3.8. Summary of the condition assessment for the most recent year with available data for streamflow at the

site, landscape region, and state scales.

Landscape . Annual flow . Site Landscape State
regionp AL i LCEL (ML) el condition conditi:n condition
EP EyreP  A5120500 2021-2022 9,913 875 Good Good
HF EMLR  A4260503 2021-2022 3,347 54.2 Good
HF EMLR  A4260504 2021-2022 20,860 485 Good
HF EMLR  A4260530 2021-2022 3,774 314 Good
HF EMLR  A4260533 2021-2022 12,676 57.1 Good
HF WMLR  A5010503 2021-2022 7,898 54.2 Good
HF WMLR  A5011006 2021-2022 3,739 37.1 Good
HF WMLR  A5020502 2021-2022 10,348 80 Good Good
HF WMLR  A5030502 2021-2022 3,193 54.2 Good
HF WMLR  A5030503 2021-2022 3,257 4238 Good
HF WMLR  A5040512 2021-2022 335 314 Good
HF WMLR  A5040523 2021-2022 5,135 37.1 Good
HF WMLR  A5040525 2021-2022 2,174 4238 Good
K| KI A5130501 2021-2022 29,086 97.1 Very
Good
K| K A5131002 2021-2022 8,494 742 Good Good
Kl KI A5131015 2021-2022 10,082 68.5 Good Good
LC LC A2390519 2021-2022 4,580 342 Good
LC LC A2390534 2021-2022 51 17.1 Fair ot
LC Morambro 5290531 2021-2022 80 342 Good
Creek
MR Mare ) 4260605 2021-2022 208 228 Fair
Saunders .
Marne Fair
MR A4261174 2021-2022 13 17.1 Fair
Saunders
NY Barossa  A5050502 2021-2022 4,293 4238 Good
NY Clare  A5060500 2021-2022 634 85 Poor
NY NY  A5070500 2021-2022 - 0 Poor Fair
NY NY  A5070501 2021-2022 269 16.6 Poor
NY NY  A5070503 2021-2022 4,812 13.8 Fair
SAAL SAAL  A0020101 2021-2022 1,384,289 685 Good
SAAL SAAL  A0030501 2021-2022 412,850 60 Good Good
SAAL SAAL  A5090502 2021-2022 1,854 485 Good

3.2.2 Flow regime

Across the state there was considerable variability in the classification of the condition of the flow regime (Table 3.9).
At the individual site scale the percentile ranged from lowest on record through to highest on record. All but one of
the sites that recorded highest on record were perennial sites where the number of flowing days is capped by the
number of days in a year. The only site to record highest on record that was not perennial was Middle River on
Kangaroo Island. Two sites were classed as lowest on record (Hill River in the NY region and Tod River in the EP
region). The Hill River site recorded no days of flow during the 2021-22 year. The Penrice site in the NY region
recorded one day of flow which was considered very much below average.
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The condition assessment for the landscape regions defined in Error! Reference source not found. showed the
full condition spectrum with EP classed as ‘poor’, while SAAL, HF and NY were classed as ‘good’ while Kangaroo
Island was classed as ‘very good'. (Table 3.5). The overall condition for the State was classed as ‘good'.

Table 3.9. Summary of the condition assessment for the most recent year with available data for the flow regime at
the site, landscape region, and state scales.

Landstcape Area Site Year Flowing Percentile Sit.e. Lands.c?pe Sta.tc.e
region days condition condition condition
EP Eyre P A5120500 2019-2020 199 0 Poor Poor
HF EMLR A4260503 2021-2022 365 100 Very good
HF EMLR A4260504 2021-2022 365 100 Very good
HF EMLR A4260530 2021-2022 365 100 Very good
HF EMLR A4260533 2009-2010 194 23 Fair
HF WMLR A5010503 2021-2022 365 100 Very good
HF WMLR A5011006 2021-2022 287 57 Good
HF WMLR A5020502 2021-2022 365 100 Verygood 0%
HF WMLR A5030502 2021-2022 365 100 Very good
HF WMLR A5030503 2021-2022 232 22 Fair
HF WMLR A5040512 2021-2022 189 39 Good
HF WMSLR A5040523 2021-2022 365 100 Very good
HF WMLR A5040525 2021-2022 204 64 Good
KI KI A5130501 2021-2022 365 100 Very good
KI KI A5131002 2021-2022 305 50 Good  Verygood  Good
KI KI A5131015 2021-2022 294 100 Very good
LC LC A2390519 2021-2022 48 22 Fair
LC LC A2390534 2021-2022 128 20 Fair Fair
LC Morambro Creek A2390531 2021-2022 32 12 Fair
MR Marne Saunders A4260605 2021-2022 109 33 Good Fair
MR Marne Saunders A4261174 2021-2022 51 18 Fair
NY Barossa A5050502 2021-2022 215 19 Fair
NY Clare A5060500 2021-2022 365 100 Very good
NY NY A5070500 2021-2022 0 0 Poor Good
NY NY A5070501 2021-2022 174 32 Good
NY NY A5070503 2021-2022 365 100 Very good
SAAL SAAL A0020101 2021-2022 300 90 Good
SAAL SAAL A0030501 2021-2022 280 58 Good Good
SAAL SAAL A5090502 2017-2018 365 100 Very good

3.3 Reliability

The reliability score for each indicator and for each criterion in the report cards is provided in Table 3.10 and are
based on the guiding definitions provided in Table 2.4.

The overall reliability score for the Streamflow report card is 2 out of 5, which is a reliability of ‘fair’. The reliability
score for the Flow regime (zero flow days) report card is 2 out of 5, which is a reliability of ‘fair'.
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Table 3.10. Information reliability scores for streamflow and flow regime

Indicator Applicability Currency Spatial Accuracy Reliability

Streamflow 5 5 2 5 2

Flow regime 5 5 2 5 2
3.3.1 Notes on reliability

The information reliability scores for both the streamflow and the flow regime report cards are identical as the base
data used to undertake the assessment are the same. Therefore, these notes provided here are applicable to both
report cards. The information reliability scores are based on:

Information applicability had an overall rating of 5 as the metrics used are based mostly on a direct measure
of the flow (streamflow and flow regime) recorded from monitoring sites across the state.

Information currency rated as 5 as all monitoring sites assessed for the different indicators had data less
than 3 years old

Spatial representation had an overall rating of 2 as the areas covered by the assessment cover less than 25%
of the regions/State.

Information accuracy rated as 5 as the monitoring sites are all calibrated to be greater than 90% expected
by chance.
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4 Discussion

With most of the streams across South Australia being seasonal, surface water is a limited resource in the state.
Surface water is vital for meeting environmental needs by maintaining water dependent ecosystems and is equally
essential for supporting the cultural and economic needs of communities. The main uses of surface water across the
state are for stock and domestic consumption and agriculture. Due to the high variability and uncertainty in rainfall
and surface water generated, tens of thousands of private farm dams were constructed across the catchments in
South Australia as a water security measure. These farm dams capture surface water generated from the landscape
and provide for the consumptive needs of the local community during the drier summer months. In years of very
low rainfall, when the surface water collected in these dams is insufficient to meet demand, the supply is
supplemented from groundwater resources where available. Reduced availability of surface water has adverse
impacts on water quality and ecosystems conditions.

Ensuring that the State's scarce surface water resources are managed sustainably is key to achieve the water security
goals to provide, “an acceptable quantity and quality of water for people, communities, industry, agriculture and the
environment, now and into the future.” — Annual Water Security Statement 2023 (DEW 2023). Aligned to the state
water security goals, regional programs have been developed and implemented across the state through Water
Allocation Plans (WAP, for prescribed areas) and Landscape Management Plans (for non-prescribed areas) under
the Landscape South Australia Act 2019. These plans adopt sustainable water use practices with the aims of reducing
the impacts of land management activities on surface water quality and the environment while supporting economic
productivity and social wellbeing (www.landscape.sa.gov.au).

The quality of water resources across the state is regularly monitored and annually assessed, including through a
series of annual water resource assessments for all the PWRAs (www.waterconnect.sa.gov.au). These monitoring and
reporting efforts are a key provision to inform the sustainability goals of water management in South Australia as
they support the science behind the WAPs and NRMs plans (which are reviewed and updated as required). A robust
science-based understanding of the trend and condition of the state’s surface water resources is vital to meet the
water security goals and for developing the strategies to adapt and meet the challenges in the face of a changing
climate.

4.1 Trend

The trend for streamflow (surface water quantity) and the flow regime (number of flowing days per year) was
analysed using a Bayesian modelling approach and classed following a simplified version of the IPCC classification.

Surface water systems are highly variable across South Australia. They are characterised by differing landscapes,
climate patterns and hydrological processes. To account for this variability, the trend analysis and classification was
undertaken at multiple spatial scales from individual sites, prescribed and non-prescribed areas, landscape regions
and the whole state. Data from representative sites across the prescribed and non-prescribed areas, landscape
regions and the state were combined to provide an area level assessment. The River Murray is excluded and reported
in a separate assessment.

The majority of the streams in South Australia (across landscape regions and prescribed and non-prescribed areas)
are ephemeral or seasonal with many streams predominately only flowing through the winter and spring months,
with patterns of variability in streamflow being primarily driven by rainfall patterns. That is, generally above average
annual rainfall results in above average annual streamflow volumes and vice versa.

The observed trends for streamflow and flow regime (as represented by the number of flowing days), have been
classed as getting worse for all landscape regions and state-wide. Further analysis also indicates that since the 1990s
the frequency of subsequent years with above-average streamflow has decreased while the frequency of below-
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average streamflow years has increased. This drying pattern of streamflow follows a north-south gradient, with sites
further north showing stronger declines. This does not include the far north that operates on a different rainfall
driver outside South Australia.

Due to the high reliance on rainfall patterns, seasonal and ephemeral waterways are particularly sensitive to the
impacts of climate change (Nabih, et al, 2021; Cudennec, Leduc, & Koutsoyiannis, 2007; Gutierrez-Jurado,
Partington, & Shanafield, 2021). Studies suggest that the shifting climate patterns predicted by hydroclimatic models
are likely to result in seasonal and ephemeral streams to experience significant drying (Milly et al. 2005) and an
alteration of waterway flow regimes. This link between the streamflow trend results and the flow regime are evident
from the analysis presented in this report and suggest an overall worsening trend for surface water resources across
the state.

The flow regime has been identified as a key link between the physical environment and the ecological community
associated with it (Poff et al. 1997). In particular, the number of flowing days has been identified as the ‘'master
variable’ for ephemeral and intermittent streams, the predominant type of waterways in South Australia (Datry et al.
2014). The results suggest that the flow regime will put pressure on the aquatic ecosystems associated with these
river systems, increasing the risk of ecosystem condition decline. This will be particularly evident on the flow sensitive
species of fish and macroinvertebrates who are adapted and depend on flow levels that may no longer be
experienced.

The link between the flow regime results and the results from the aquatic ecosystem condition report card are not
comparable due to the different time scales used for each analysis. While the aquatic ecosystem condition report
card suggests that ecosystem conditions are getting better across the state, this is due to the relatively short period
used for the assessment, from 2008 to 2022, which aligns with the recovery from the Millennium Drought. There are
no statewide long-term datasets looking at aquatic ecosystem condition that go back to the 1980s to compare to
the flow data presented in this report.

If the current trends in flow regime continue, it is likely that the decline in flowing days will begin to adversely impact
the recovery of aquatic ecosystems from the drought and reverse the improving trend observed in the ecosystem
data.

4.2 Condition

The condition analysis for streamflow and the flow regime (number of flowing days per year) was based on the
analysis of their annual percentile for the most recent year (2021-22). For these two metrics, the condition analysis
was undertaken at the same multiple spatial scales as for the trend analysis (Section 4.1).

The average to above average annual rainfall experienced throughout the state in 2021-22 resulted in the
streamflow and flow regime condition across the state being rated as ‘good’. Nevertheless, a full range of condition
scores were observed across the state at the different spatial scales for all metrics. At the site scale, the condition
results suggest that the drivers of streamflow and flow regime are highly spatially variable across the state and
therefore need to be viewed with this in mind.

At the site scale, the condition results are spatially consistent with the trend analysis results. The weakest conditions
for streamflow are observed for the northern catchments in the NY and MR regions.

The good rating for flow regime condition suggests that, at the state scale, the flow regime experienced for 2021-
22 should have been able to support the water dependent ecosystems associated with the river systems as the
number of flowing days was above the long-term average for the period 1986 to 2022.

Eyre Peninsula was given a condition rating of poor for flow regime condition and was the only region given this
rating. This is despite the higher than average rainfall for the same period. This suggests that there is a lag effect
between rainfall and runoff in situations where streamflow has been below average for a prolonged period. The
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same effect is observed in the Barossa, and to a lesser extent in the Clare Valley, with sites showing poor condition
despite above average or near average rainfall. Based on the connection between the flow regime and ecosystem
condition, it is expected that the aquatic ecosystems associated with these areas will be at a high level of risk of
degradation of condition.

The contrasting results between the overall state trend (looking at the long-term period) and condition (for the most
recent year, 2021-22) across all metrics highlight the highly uncertain and variable nature of the (mostly) seasonal
and ephemeral waterways in South Australia. This uncertain and variable nature is likely to be exacerbated by the
impacts of a changing climate.

The current streamflow and flow regime trend and condition assessment and results provide an opportunity to
anticipate the challenges that could emerge if the current trends continue. As suggested by Milly et al. (2005), with
the predicted impacts of hydroclimatic change in water resources, it has become imperative to consider the trend
in availability of water resources for water management, as well as for ecological and economic assessment and
planning.
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5 Appendices

5.1 Managing environmental knowledge chart for Streamflow
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5.2 Managing environmental knowledge chart for Flow regime (zero flow days)
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5.3 Streamflow data - Prescribed areas
5.3.1 Barossa PWRA

The annual streamflow from 1986 to 2022 for the Yaldara streamflow monitoring site (A5050502) is shown in Figure
5.1. The average annual streamflow at the site is 10,772 ML and 9 of the last 10 years (shaded area) are classified as
‘average’ or ‘below average’ (Table 3.3). The trend at the site scale was classified as ‘extremely likely decrease’, while
for the area scale, the trend was classified as ‘very likely decrease’ (Table 3.1 and Table 3.2). The difference between
the site scale and the area scale results are explained by the random factor of site used in the area scale models
which introduces a level of uncertainty by assuming not all sites within an area can be accounted for.
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Figure 5.1. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Barossa
PWRA (Yaldara A5050502). The last decade is shaded in grey.
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5.3.2 Clare PWRA

The annual streamflow from 1986 to 2022 for the Wakefield River streamflow monitoring site (A5060500) is shown
in Figure 5.2. The average annual streamflow at the site is 6,485 ML and 8 of the last 10 years (shaded areas) are
classified as ‘average’ or 'below average’ (Table 3.3). The trend at the site and area scales were both classified as
'likely decrease’ (Table 3.1 and Table 3.2).
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Figure 5.2. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Clare
Valley PWRA (Wakefield River A5060500). The last decade is shaded in grey.
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5.3.3 Marne-Saunders PWRA

The annual streamflow from 1986 to 2022 showing the combined flow of the Marne Gorge (A4260605) and Saunders
Creek (A4261174) streamflow monitoring sites is presented in Figure 5.3. The combined average annual streamflow
for Marne-Saunders is 4,705 ML and 9 of the last 10 years (shaded area) are classified as ‘average’ or ‘below average'
(Table 3.3). At the site scale, the trends were classified as 'virtually certain decrease’ for Marne Gorge and ‘extremely
likely decrease’ for Saunders Creek (Table 3.1). At the area scale the trend for Marne-Saunders was classified as
'likely decrease’ with 79.2% of slopes being negative (Table 3.2)
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Figure 5.3. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Marne-
Saunders PWRA (Marne Gorge A4260605 and Saunders Creek A4261174). The last decade is shaded in

grey.
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5.3.4 Morambro Creek PSWA

The annual streamflow from 1986 to 2022 for the Morambro Creek streamflow monitoring site (A2390531) is shown
in Figure 5.4. The average annual streamflow for the site is 3,107 ML and 8 of the last 10 years (shaded area) are
classified as ‘average’ or ‘below average' (Table 3.3). The trend for the site scale was classified as ‘extremely likely
decrease”, while for the area scale, the trend was classified as ‘likely decrease’ (Table 3.1 and Table 3.2). The
difference between the site scale and the area scale results are explained by the random factor of site used in the
area scale models which introduces a level of uncertainty by assuming not all sites within an area can be accounted
for.
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Figure 5.4. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Morambro
Creek PSWA (Morambro Creek A2390531). The last decade is shaded in grey.
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5.3.5 Eastern Mount Lofty Ranges PWRA

The annual streamflow from 1986 to 2022 showing the combined flow of the Finniss River (A4260504), Currency
Creek (A4260530), Angas River (A4260503) and Bremer River (A4260533) streamflow monitoring sites is presented
Figure 5.5. The combined average annual streamflow for these sites is 48,657 ML and 8 of the last 10 years (shaded
area) are classified as 'average’ or ‘below average' (Table 3.3). At the site scale, the trends ranged from ‘very likely
decrease’ to 'virtually certain decrease’ (Table 3.1). At the area scale the trend for the EMLR was classified as ‘likely
decrease’ with 82.5% of slopes being negative (Table 3.2).
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Figure 5.5. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Eastern
Mount Lofty Ranges PWRA (Finniss River A4260504, Currency Creek A4260530, Angas River A4260503,
and Bremer River A4260533). The last decade is shaded in grey.
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5.3.6 Western Mount Lofty Ranges PWRA

The annual streamflow from 1986 to 2022 showing the combined flow of the Kersbrook Creek (A5040525), Sixth
Creek (A5040523), Yankalilla River (A5011006), Myponga River (A5020502), Bakers Gully (A5030503), Mount Pleasant
(A5040512), Inman River (A5010503) and Scott Creek (A5030502) streamflow monitoring sites is presented in Figure
5.6. The combined average annual streamflow for these sites is 42,879 ML and 8 of the last 10 years (shaded area)
are classified as ‘average’ or ‘below average’ (Table 3.3). At the site scale, the trends ranged from ‘likely decrease’ to
‘extremely likely decrease’ for all sites (Table 3.1). At the area scale trend for the WMLR was classified as ‘likely
decrease’ with 85.9% of slopes being negative (Table 3.2).
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Figure 5.6. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the Western
Mount Lofty Ranges PWRA (Kersbrook Creek A5040525, Sixth Creek A5040523, Yankalilla River A5011006,
Myponga River A5020502, Bakers Gully A5030503, Mount Pleasant A5040512, Inman River A5010503 and
Scott Creek A5030502). The last decade is shaded in grey.
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5.3.7 Combined PWRAs
The annual streamflow from 1986 to 2022 showing the combined flow for the PWRAs streamflow monitoring sites

is presented in Figure 5.7. The combined average annual streamflow for the PWRAs sites is 116,605 ML and 8 of the
last 10 years (shaded area) are classified as 'average’ or ‘below average'.

—— 10-year rolling average ---- Reporting period annual mean (116,605 ML)

400,000 -
350,000 -
300,000 -
250,000 -
200,000 A

150,000 ~

Annual streamflow (ML)

100,000 -

50,000 -

1986-87
1988-89
1992-93
1994-95
1996-97
1998-99
2002-03
2004-05
2006-07
2014-15
2016-17
2018-19
2020-21

Figure 5.7. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the combined
PWRAs. The last decade is shaded in grey.

DEW Technical report 2023/59 37



5.4 Streamflow data - Non-prescribed areas
5.4.1 Kangaroo Island Landscape region non-PWRAs

The annual streamflow from 1986 to 2022 showing the combined flow of the Rocky River (A5040525), Middle River
(A5131015), and Timber Creek (A5131002) streamflow monitoring sites is presented in Figure 5.8 The combined
average annual streamflow for these sites is 27,074 ML and 7 of the last 10 years (shaded area) are classified as
‘average’ or 'below average' (Table 3.3). At the site scale, the trends were classified as ‘likely decrease’ for Rocky
River and Timber Creek and ‘very likely decrease’ for Middle River (Table 3.1). The trend at the area scale was
classified as ‘likely decrease’ with 82.4% of slopes being negative (Table 3.2).
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Figure 5.8. Annual streamflow showing the 1986 to 2021 annual mean and 10-year rolling average for the Kangaroo
Island Landscape region non-PWRAs (Rocky River A5040525, Middle River A5131015, and Timber Creek
A5131002). The last decade is shaded in grey.
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5.4.2 Limestone Coast Landscape region non-PWRAs

The annual streamflow from 1986 to 2021 showing the combined flow of the Mosquito Creek (A2390519) and Tatiara
Creek (A2390534) streamflow monitoring sites is presented in Figure 5.9. The combined average annual streamflow
for these sites is 19,511 ML and 8 of the last 10 years (shaded area) are classified as ‘average’ or ‘below average'
(Table 3.3). At the site scale, the trends were classified as ‘virtually certain decrease’ for Tatiara Creek and ‘extremely
likely decrease’ for Mosquito Creek (Table 3.1). The trend at the area scale was classified as ‘likely decrease’ with
80.3% of slopes being negative (Table 3.2).
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Figure 5.9. Annual streamflow showing the 1986 to 2021 annual mean and 10-year rolling average for the Limestone
Coast Landscape region non-PWRAs (Mosquito Creek A2390519 and Tatiara Creek A2390534). The last

decade is shaded in grey.
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5.4.3 Northern and Yorke Landscape region non-PWRAs

The annual streamflow from 1986 to 2021 showing the combined flow of the Broughton River (A5040525), Hill River
(A5040523), and Hutt River (A5011006) streamflow monitoring sites is presented Figure 5.10. The combined average
annual streamflow for these sites is 26,960 ML and 7 of the last 10 years (shaded area) are classified as ‘below
average' (Table 3.3). At the site scale the trends were classified as ‘extremely likely decrease’ for Broughton and Hill
rivers and ‘very likely decrease’ for Hutt River (Table 3.1). At the area scale the trend was classified as ‘likely decrease’
with 82.1% of slopes being negative (Table 3.2).
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Figure 5.10. Annual streamflow showing the 1986 to 2021 annual mean and 10-year rolling average for Northern and
Yorke Landscape region non-PWRAs (the Broughton River A5040525, Hill River A5040523, and Hutt River
A5011006). The last decade is shaded in grey.
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5.4.4 Eyre Peninsula Landscape region non-PWRAs

The Tod River streamflow monitoring site (A5120500) is the only available long-term monitoring site on the Eyre
Peninsula region. The annual streamflow from 1986 to 2021 is shown in Figure 5.11. Streamflow data for this site is
not available between 1990-91 to 1998-99 and 2006-07 to 2007-08 (areas shaded in red). Infilled annual streamflow
values are not possible to be calculated for this site since there are not nearby monitoring sites to develop a double
mass relationship. The average annual streamflow for the available data at the site is 6,424 ML and 5 of the last 10
years (grey shaded area) are classified as ‘average’ or ‘below average’ (Table 3.3). The trend at the site scale was
classified as ‘very likely increase’, while for the area scale the trend was classified as 'very likely decrease’ (Table 3.1
and Table 3.2). The contrasting difference between the site and area trends are the explained by how the Bayesian
linear models calculate the trends at different scales. For the site scale the model it assumes the provided data is
the complete representation of the system, therefore the model does not include a level of uncertainty on its trend
prediction. In the case of the Tod River, the data for the site scale model is missing a significant portion of the period
and therefore the trend analysis includes a high degree of uncertainty which is not accounted in the results. At the
area scale however, the model includes the random factor of site to introduce a level of uncertainty by
acknowledging not all sites within an area can be accounted. Moreover, the model ‘looks’ at the rest of the dataset
in order to assess the impact of the missing data and the uncertainty level and confidence of the model based on
the data and trend for the rest of the sites. In this case, the model for EP predicted a decreasing trend due to the
high level of uncertainty by only including one site with a significant period of unavailable data all while the rest of
the areas show decreasing trends.
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Figure 5.11. Annual streamflow showing the 1986 to 2021 annual mean for Eyre Peninsula region non-PWRAs (Tod

River A5120500). Missing data period is shaded in red and the last decade is shaded in grey.
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5.4.5 SA Arid Lands Landscape region non-PWRAs

The annual streamflow from 1986 to 2021 showing the combined flow of the Diamantina River (A0020101),
Cooper Creek (A0030501), and Willochra Creek (A5090502) streamflow monitoring sites is presented in Figure
5.12. The combined average annual streamflow for these sites is 2,496,391 ML and 9 of the last 10 years (shaded
area) are classified as ‘average’ or ‘below average’ (Table 3.3). At the site scale, the trends were classified as ‘likely
decrease’ for Diamantina River, 'very likely decrease’ for Cooper Creek and ‘virtually certain increase’ for Willochra
Creek (Table 3.1). At the area scale the trend was classified as ‘extremely likely decrease’ with 97.2% of slopes
being negative (Table 3.2).
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Figure 5.12. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for SA Arid Lands
Landscape region non-PWRAs (Diamantina River A0020101, Cooper Creek A0030501, and Willochra
Creek A5090502). The last decade is shaded in grey.
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5.4.6 Combined Non-PWRAs
The annual streamflow from 1986 to 2022 showing the combined flow for the non-PWRAs streamflow monitoring

sites is presented in Figure 5.13. The combined average annual streamflow for the non-PWRAs sites is 2,569,936 ML
and 9 of the last 10 years (shaded area) are classified as ‘average’ or ‘below average'.
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Figure 5.13. Annual streamflow showing the 1986 to 2022 annual mean and 10-year rolling average for the combined
non-PWRAs. The last decade is shaded in grey.
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7 Units of measurement

7.1 Units of measurement commonly used (SI and non-SI Australian legal)

Definition in terms of

Name of unit Symbol other metric units Quantity
day d 24 h time interval
gigalitre GL 10° m? volume
gram g 1073 kg mass
hectare ha 10*m? area

hour h 60 min time interval
kilogram kg base unit mass
kilolitre kL 1m? volume
kilometre km 10°m length

litre L 102 m?3 volume
megalitre ML 103 m? volume
metre m base unit length
microgram ug 10%g mass
microlitre ul 109 m? volume
milligram mg 103 g mass
millilitre mL 10 m? volume
millimetre mm 102 m length
minute min 60 s time interval
second s base unit time interval
tonne t 1000 kg mass

year y 365 or 366 days time interval
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8 Glossary

Catchment — That area of land determined by topographic features within which rainfall will contribute to runoff at a
particular point.

DEW — Department for Environment and Water.
DEWNR — Department of Environment, Water and Natural Resources (Government of South Australia).
EMLR — Eastern Mount Lofty Ranges.

Ephemeral streams or wetlands — Those streams or wetlands that usually contain water only on an occasional basis after
rainfall events. Many arid zone streams and wetlands are ephemeral.

Flow regime — The character of the timing and amount of flow in a stream.
NRM — Natural Resource Management Plan..

Prescribed water resource — A water resource declared by the Governor to be prescribed under the Act and includes
underground water to which access is obtained by prescribed wells. Prescription of a water resource requires that future
management of the resource be regulated via a licensing system.

PWRA — Prescribed Water Resources Area.

Surface water — (a) water flowing over land (except in a watercourse), (i) after having fallen as rain or hail or having
precipitated in any another manner, (i) or after rising to the surface naturally from underground; (b) water of the kind referred
to in paragraph (a) that has been collected in a dam or reservoir.

WAP — Water Allocation Plan; a plan prepared by a water resources planning committee and adopted by the Minister in
accordance with the Act.

Watercourse — A river, creek or other natural watercourse (whether modified or not) and includes: a dam or reservoir that
collects water flowing in a watercourse; a lake through which water flows; a channel (but not a channel declared by regulation
to be excluded from this definition) into which the water of a watercourse has been diverted; and part of a watercourse.

Water-use year — The period between 1 July in any given calendar year and 30 June the following calendar year; also called a
licensing year.

WMLR — Western Mount Lofty Ranges.
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