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Summary

Evapotranspiration (ET) is a critical process in the floodplains of the SA River Murray. It results in evapoconcentration of salts in
the groundwater and soil, impacting the health of vegetation. It also controls the watertable height and hence the interaction
between the surface water and groundwater, influencing (i) the location and extent of freshwater lenses and (ii) the flux of
saline groundwater to the river and its anabranches. It has been estimated to be the single largest component of the
groundwater balance for both Pike Floodplain and Katarapko Floodplain (Woods et al., 2014). Yet despite its importance to
floodplain ecological health and in-river salinity, ET data for the SA floodplains has been scarce. Potential ET is estimated at
weather stations but actual ET (AET) has been measured only a few studies (O'Grady et al., 2009).

This study provides a concise investigation of a newly-available and extensive AET dataset. This is the satellite-derived
estimates of AET developed by CSIRO, as part of a national data set, the CSIRO MODIS reflectance based scaling
evapotranspiration (CMRSET) data set (Guerschman et al. 2009). The investigation focuses on the Pike floodplain, and was
largely performed by analysing monthly CMRSET estimates of AET for the period 2000-2012.

The satellite dataset is an estimate of AET from all sources, including surface water, the unsaturated zone, and groundwater.
The data are analysed to provide insight regarding AET specifically from groundwater.

The main findings of this study are:

e  Clear patterns of high and low AET are apparent across the Pike floodplain. These patterns can be observed monthly,
seasonally, and across a range of climate conditions (during drought years as well as above average rainfall years).

e Analysis of seasonal trends and patterns in floodplain AET led to delineation of ET zones for the Pike floodplain.

e  Patterns of high and low AET show some relationship with vegetation type (e.g. higher AET in the riparian zone where
river red gums are present) however there is not a clear correlation between spatial variation in vegetation and AET
across the entire floodplain.

e The difference in temporal trends for high and low AET zones suggests groundwater (specifically depth to
groundwater) is an important factor influencing ET trends, by providing a consistent source of water for ET in some
locations during drought years.

As part of this project, two weather stations were installed on Pike floodplain to measure potential ET (PET). However due to
time constraints, no data was reported back. It is recommended that ongoing measurement of weather data at these sites be
carried out. Further recommendations have been made in Chapter 5 of this report.

This study has greatly improved our understanding of ET on Pike floodplain, and more broadly how floodplain ET may vary
spatially and temporally (and what it varies in response to). This new knowledge has been incorporated into the Pike
Groundwater model (Purczel et al.,, 2016) and will inform the way we model floodplain processes in future, thus feeding into
the decision support process.
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1 Introduction

1.1 Background

The South Australian Riverland Floodplains Integrated Infrastructure Program (SARFIIP) is a large-scale infrastructure project to
enable floodplain inundation for the South Australian Riverland region between the border and Lock 1 with particular focus on
the Pike and Katarapko floodplains. SARFIIP aims to improve the condition of salinity-affected floodplains and promote the
health of floodplain vegetation along the River Murray in South Australia. SARFIIP involves the construction and operation of
new infrastructure to deliver water to these floodplains in order to supplement and enhance natural flooding, while minimising
the salinity risk to the River Murray and its floodplain.

SARFIIP is being delivered for the Australian Government’s Murray Darling Basin Authority (MDBA) by the River Murray
Operations and Major Projects (RMOMP) Branch of the Department of Environment, Water and Natural Resources (DEWNR), in
partnership with the Science, Monitoring and Knowledge (SMK) Branch and Natural Resources SA Murray-Darling Basin
Management Board (NRSAMDB). SMK will support RMOMP through the delivery of scientific and technical services to assist
with the assessment of floodplain and salinity management options, including data management, field investigations and
modelling. Collectively these tasks are referred to as the SARFIIP Science Program.

The initial focus of the SARFIIP project is the Pike Floodplain, approximately 5 km south-east of Renmark (Figure 1). One of the
key components of the project is development of a groundwater flow and solute transport model of the Pike Floodplain
(Purczel et al., 2016). The model will be used to test a number of management scenarios in terms of floodplain manipulation,
which will help inform project decisions.

The hydrogeology of Pike floodplain is extensively described in Woods et al. (2014). Figure 2 provides a conceptual model,
identifying the relevant aquifer units. Across the Pike Floodplain, groundwater is generally shallow and evapotranspiration (ET)
is thought to be a significant component of the groundwater balance (Woods et al., 2014). ET results in evapoconcentration of
salts in the groundwater and soil, impacting the health of vegetation. It also controls the watertable height and hence the
interaction between the surface water and groundwater, influencing (i) the location and extent of freshwater lenses and (ii) the
flux of saline groundwater to the river and its anabranches. However, despite its importance to the floodplain, little is known
about evapotranspiration on Pike Floodplain.

Until recently, the main source of information of ET on the River Murray floodplain were studies of uptake by red gums and
black box (summarised in O'Grady et al. (2009)). These studies had limited spatial and temporal extents. However, the 'CSIRO
MODIS reflectance based scaling evapotranspiration’ (CMRSET) dataset has recently become available. This is derived from
satellite data and has greater spatial and temporal extent than was possible with tree-based studies.

Gonzalez (2015) conducted a preliminary study of ET on the Pike Floodplain and surrounding areas using the CMRSET data.
Mean annual actual ET estimates were used to investigate whether actual ET correlated with soil, vegetation and/or watertable
depth (where watertable depth was based on modelled groundwater level). No clear relationships between mean annual AET
and vegetation, soil or watertable depth were observed in the study. However Gonzalez made a number of key
recommendations for further analysis of AET and validation of CMRSET in the region, including:

e Comparison between CMRSET data and weather station data from the South Australian Murray Darling Basin
(SAMDB) weather station network.

e  Analysis of CMRSET data at a finer temporal resolution (i.e. monthly).
e Analysis of monthly and seasonal averages over both dry years (e.g. 2006) and wet years (e.g. 2010).

e  Comparison between CMRSET data and AET derived from the Calperum flux tower located in mallee vegetation
20 km north of Renmark.

This study undertakes some of these recommendations, in order to support the development of the SARFIIP Pike Floodplain
groundwater model. Understanding groundwater AET should improve the design and calibration of groundwater models of
River Murray floodplains.
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Figure 2. Conceptual model of the hydrogeology of Pike floodplain (Peat et al. 2010)

1.2 Aims and objectives

The aim of this project is to improve understanding of the spatial and temporal variability in actual evapotranspiration (AET)
from the Pike Floodplain. Specifically the project objectives are to:

e Obtain the CMRSET monthly data for the Pike Floodplain area.
e Analyse the data to develop representative ET zones on the Pike Floodplain.

e  Compare CMRSET AET values with other relevant data sets, including vegetation distribution and existing estimates of
vegetation water use, and weather station data.

e Purchase and install two weather stations on the Pike Floodplain for ongoing monitoring of potential
evapotranspiration.

The CMRSET dataset is an estimate of AET from all sources, including surface water, the unsaturated zone, and groundwater.
The data are analysed to provide insight regarding AET specifically from groundwater.

The study is intended as an early step at improving understanding of ET on the Pike Floodplain. Further work is recommended
as an outcome of this study.

1.3 Definitions

Evaporation refers to the direct conversion of liquid water to water vapour, while transpiration is the vapourisation (and
subsequent loss to the atmosphere) of liquid water contained in plant tissue (Allen et al., 1998). Evapotranspiration (ET) refers
to these combined processes. ET can draw from surface water, the unsaturated zone, and groundwater.
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Groundwater may be discharged from an aquifer via evaporation and transpiration pathways (Figure 3). Direct evaporation
from the watertable generally only occurs in shallow aquifers where the watertable is within a few metres of the surface
(Salama, 1998). Evaporation depends on soil type and atmospheric conditions. Rates of evaporation from open water bodies
can be estimated using evaporation pans. Pan evaporation is sometimes reported as "potential evapotranspiration’ (discussed
further below) — however this is not entirely accurate. Table 1 provides a summary reference for some of the definitions
discussed here.

Transpiration of groundwater is dependent upon plant root distribution, groundwater salinity, and watertable depth. Like
evaporation from the watertable, it is more common where watertables are shallow, however several examples of plants
accessing groundwater at depths of 10 to 20 m below ground have been reported in Australia (O'Grady et al., 2009). Studies of
black box and red gum vegetation in River Murray floodplain environments indicated groundwater uptake rates ranging from
0.03 - 2 mm/day (O'Grady et al., 2009).

Transpiration (loss via
plant uptake)

Evaporation (direct loss
from the watertable)

| Watertable

Aquifer

Figure 3. Conceptual model of groundwater evapotranspiration

From a water balance perspective, the total amount of water lost to the atmosphere by ET is referred to as actual
evapotranspiration (AET). While AET is dependent upon hydrological conditions and water availability as outlined above, the
physical drivers for ET are weather parameters such as radiation, air temperature, humidity and wind speed. The total amount
of water that could physically be evapotranspired to the atmosphere (given an unlimited water supply) based on these weather
parameters is referred to as potential evapotranspiration (PET). Thus AET is lower than PET, and PET from a specific land cover
is often estimated by applying a reference crop factor which describes soil surface and aerodynamic resistances of a particular
plant type. Values of reference ET (typically denoted ET,) have been determined for a wide variety of plant and crop types
(Allen et al., 1998).
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Table 1. Evapotranspiration terminology used in this report

Terminology

Discussion

Evaporation

Direct conversion of liquid water to vapour.

Pan evaporation

Measurement of evaporation (in mm/d) based on evaporation of water from a
pan of specified size (often referred to as a Class A pan). Pan evaporation is
sometimes referred to as evapotranspiration or potential evapotranspiration,
however it does not include any estimate of transpiration, and is thus strictly
evaporation.

Transpiration

Vapourisation of water contained in plant tissue, Can be estimated by water
balance techniques or by measuring sap flow in vegetation, and sources of
water for transpiration (e.g. soil water or groundwater) can be determined
based on the chemistry, particularly the stable isotope signature, of water in
plant tissue.

Evapotranspiration (ET)

Combined loss of water to the atmosphere via both evaporation and
transpiration.

Potential evapotranspiration (PET)

The total amount of water that could be evapotranspired from a ‘well watered’
grassed surface with unlimited soil moisture supply, based on the weather
variables (temperature, humidity, radiation, wind speed) at a specific location.

Reference evapotranspiration (ETo)

The PET for a specific crop, determined by applying a crop conversion factor as
outlined by Allen et al., 1998. For example, the SA Murray-Darling Basin
weather station network provides estimates of reference ET for theoretical short
and tall crops, based on PET at each of its locations.

Actual evapotranspiration (AET)

While PET is based on an unlimited moisture supply and given weather
parameters, the actual ET (AET) at a specific location will depend on soil
moisture and groundwater availability. AET can be measured by dedicated
weather stations or eddy covariance towers which measure temperature and
humidity at multiple heights (see Shanafield et al., 2015 for further discussion of
techniques). In this study we use estimates of satellite-derived AET (the CMRSET
data) which are based on plant reflectance and an algorithm to calculate AET,
The algorithm was calibrated by comparing with land based measurements of
AET taken from eddy covariance towers (Guerschman et al, 2009).

Groundwater evapotranspiration

Actual ET (AET) is likely to be derived from multiple sources such as surface
water, soil water and groundwater. The component of groundwater that
contributes to AET can be estimated by analysis of groundwater level
fluctuations or analysis of unsaturated zone chemistry profiles (soil water
chloride or stable isotopes). Groundwater models also include a component of
ET where modelled watertables are shallow, generally with 2-4 m of the ground
surface.
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2 Data sources and analysis approach

Existing ET data sources were compiled for the Pike Floodplain and surrounds. These consisted of weather station data and
CRMSET data. The data sources were then analysed and compared.

The LANDSAT Data Cube is another possible source of information. It provides satellite imagery at high resolution (25 m x
25 m) but at this point in time it has not been processed to provide AET.

2.1 Weather station data

Figure 4 provides the location of weather stations close to Pike Floodplain. At the start of the project there were no weather
stations on the Pike floodplain, however there are several weather stations located in nearby highland irrigation areas. The
Bureau of Meteorology maintains weather stations at Paringa Lock 5 (station 024037) and Loxton Irrigation Centre (station
024024). Natural Resources South Australian Murray-Darling Basin (SAMDB) also operate a network of weather stations across
the SAMDB region and report the data online (NRSAMDB, 2015). The closest SAMDB weather station to the Pike floodplain is
located at Yamba. These weather stations make agro-meteorological measurements (temperature, humidity, windspeed,
radiation and soil temperature) and use an abridged Penman-Monteith equation to calculate reference ET for ‘short’ and ‘tall’
crops (Jeremy Nelson, pers comm., August 2015).

2.2 CMRSET AET

The 'CSIRO MODIS reflectance based scaling evapotranspiration’ (CMRSET) data set was developed by Guerschman et al.,
(2009). In brief, the CMRSET algorithm uses reflectance data from the MODIS satellite to calculate ET across the Australian
continent. Actual ET (AET) is calculated from potential ET (PET) by applying a ‘crop factor’ which incorporates the enhanced
vegetation index (EVI) and global vegetation moisture index (GVMI). The algorithm was calibrated by comparing estimated AET
with measured AET from seven eddy covariance towers around Australia covering a variety of landscapes (forest, savannah,
grassland, floodplain and lake). CMRSET was further validated by comparing estimated AET with 'surrogate AET' (precipitation
minus streamflow) in 227 unimpaired catchments around Australia.

CMRSET was originally generated for a 1 km x 1 km grid cell extent for the entire Australian continent on 16 day intervals. It has
since been regenerated for a 250 m cell size. In this study, monthly 250 m x 250 m data for the period February 2000 - June
2012 was obtained. The flux towers used to calibrate the CMRSET algorithm are located in eastern and northern Australia, and
at the time of the original study there were no towers in the South Australian Murray Darling Basin area. Also, as the River
Murray in South Australia is heavily regulated, it was not considered to be an ‘unimpaired catchment' (Peel et al., 2000) and
hence not included in the CMRSET validation process. Thus the CMRSET data set has not explicitly been validated for the area
of interest in this study.

2.3 Analysis approach

The analysis considers: climate observations from weather stations, spatial trends in CMRSET AET, and temporal trends in
CMRSET AET. ET zones are then developed for Pike Floodplain. The CMRSET data is also compared with other data sources,
including the weather station data. A direct correlation between weather station-derived reference ET and CMRSET-derived
actual ET is not expected. Reference ET is essentially an expression of potential ET, but for a specific plant or crop type. Thus
the reference ET is expected to exceed actual ET. However the aim of the comparison is to correlate periods of high/low ET and
thus validate the trends observed in the CMRSET data.

Analysis of the data was performed in ArcGIS version 10. The data was clipped to the spatial extent of the floodplain and areas
of irrigation shown in land use maps (which show consistently high evapotranspiration in summer) were removed. Following
the recommendations of Gonzalez (2015), analysis of seasonal averages was performed by grouping summer months
(December to February) and winter months (June to August) for the years of data availability. These average datasets were
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created using the "Raster Calculator” tool. Various combinations of seasonal averages were compared to each other, as well as
differences between summer and winter averages. Qualitative spatial comparisons between were made between seasonal
averages of CMRSET data and vegetation and soil data, as well as groundwater model ET.
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3 Results

3.1 Climate

The climate in the area is characterized by hot, dry summers and cool winters. Mean annual rainfall measured at Paringa Lock 5
(station 024037, collection period 1968-2015) is 287.7 mm/y. Mean annual evaporation (class A pan evaporation) measured at
the Loxton Irrigation Centre (station 024024, collection period 1984-2015) is 1907 mm/y (BoM, 2015). Mean annual reference

ET for Yamba (based on measured weather parameters from 2008-15) ranges from 1314 mm/y to 1697 mm/y (using
conversion factors for ‘short crops’ and 'tall crops’ respectively). Monthly rates are provided in Figure 5.
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Figure 5. Average monthly rainfall, pan evaporation and potential evapotranspiration

3.2 Spatial trends in floodplain AET (CMRSET)

The CMRSET data for the period available (Feb 2000 — June 2012) was analysed by calculating seasonal (summer and
winter) AET rates, following the recommendations of Gonzalez (2015). Average bulk summer AET (total AET from
December — February) varies from 40 — 387 mm across the floodplain (Figure 6). AET is generally highest in January, and
maximum rates vary from year to year depending on water availability. For example in January 2006 during the
millennium drought, the maximum AET rate is 149 mm/month, while in January 2011, following above average rainfall,
the maximum AET rate is 170 mm/month. Average bulk winter AET (total AET from June - August) varies from 32 - 117
mm (Figure 7). In both seasonal average images, spatial patterns of higher and lower AET emerge. For example an area of
higher AET is apparent south of Tanyacka Creek (Figure 8) in both average summer and winter AET. A higher AET zone is
also apparent on the eastern margin of the floodplain, in the middle stretch of Pike River (Figure 8). The central part of
the floodplain however appears to be a relatively lower AET zone throughout summer and winter.
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l High : 387 mm

Low : 40 mm

Figure 8. Average seasonal (A) summer and (B) winter AET - both showing zones of higher AET in the
vicinity of Tanyacka Creek and in the mid Pike River on the eastern margin of the floodplain

3.3 Temporal trends in floodplain AET (CMRSET)

Figures 6 and 7 reveal seasonal AET to be variable across the Pike floodplain, with distinct areas of higher and lower AET.
Monthly values for two low (Low AET and Weather Station 1) and two high (High AET and Weather Station 2) locations are
plotted in Figure 9 (locations Weather Station 1 and 2 refer to weather stations installed as part of this study, see Chapter 4 for
more details).

For the low AET locations (in the central floodplain and close to Mundic Creek) monthly values range from ~10 mm/month to
30 mm/month for the period 2000-10 (higher in summer, lower in winter). In the summer of 2010-11 and 2011-12 however,
both locations show higher AET (up to 90 mm/month). These periods of high AET demonstrate a response to above average
rainfall and likely some inundation on the floodplain in these years (Figure 10 — higher AET when water availability is higher).
The generally low AET rates during the below average rainfall period (2001-09) suggest that water availability (be it soil water
or groundwater) is low at both locations.
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For high AET locations, seasonal variations in monthly AET rates are relatively consistent, in the range of ~20-120 mm/month
(from winter to summer). While there is a small increase in the amount of summer AET in 2011 at the site labelled Weather
Station 2 (on Figure 9), seasonal variability is relatively consistent over the period 2000-12. This suggests that AET at these
locations is supported by a relatively persistent source of water, presumed to be groundwater (data from bore PAG0O80 south
of Tanyacka Creek shows that groundwater fluctuates ~1.1 to 2.3 m below the ground surface).
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Figure 10. Annual rainfall at Renmark for the period of CMRSET data available

34 Development of ET zones

Given the similarity in spatial patterns in AET in for both average summer and winter conditions, it was decided that seasonal
averages should be used to delineate ET zones for the floodplain. The zones are intended to provide a summary picture of the
spatial variability in AET across the floodplain to inform the conceptual model of floodplain processes. The zones may also help
constrain other parts of the SARFIIP project. For example if the groundwater model performs unexpectedly (based on initial
inputs) in a particular part of the floodplain, the ET zones may provide justification to change ET parameters in the model to
help improve model performance.

Contours were developed (using the “Contour” tool in ArcMap) at 25 mm intervals, based on the summer average AET map.
There was no smoothing function run over the contours. Using manual digitisation, the contours were used to divide the

floodplain (without irrigation areas) in the study area into zones of different AET rates. The polygons in the resulting dataset
have an AET value in the Value field which represents the range between the two contours that the polygon has (Figure 11).

The zones were qualitatively compared with seasonal and monthly AET data sets for selected dates and conditions. Figure 12
shows January AET for 2001 (at the start of the period of data availability), 2006 (in the middle of the period of data availability
and the Millennium drought), and 2011 (the summer following above average rainfall and river flooding in 2010). For both
January 2001 and 2006 the areas of higher AET south of Tanyacka Creek, and to the east near the mid Pike River can be seen.
Generally higher AET is ubiquitous in January 2011, and the derived AET zones are less distinct. However the area of generally
lower AET is still apparent in the centre of the floodplain.
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3.5 Comparison of CMRSET AET with other data

Following the work of Gonzalez (2015), comparisons were made between CMRSET data and other relevant data sets. Soil type
is likely to have an influence on ET, however no comparison is made here, as the soil mapping data available for Pike was not at
a sufficient scale to be of use (Jan Rowland, pers. comm.).

351 CMRSET based groundwater ET (AET minus rainfall)

To constrain the CMRSET data for comparison, a dataset was created that subtracted the monthly rainfall (taken from Paringa
Lock 5 rainfall station) from the monthly CMRSET AET value. The assumption is that subtracting rainfall will account for any
surface moisture and soil ET that is picked up in the CMRSET data, and the residual may give a better indication of
groundwater ET.

Time series of CMRSET derived groundwater ET (CMRSET AET minus rainfall) for a low and high ET site are shown in Figure 13
and 14 Note that negative numbers indicate months in which rainfall exceeded ET. The time period covered by the CMRSET
data includes a period of drought (2000-10) followed by a high flow event. The low ET site shows low levels of ET during the
drought period (<1 mm/d), suggesting minimal water availability. A large negative value of groundwater ET in November 2010
(indicating rainfall was higher than ET, and infiltration to the unsaturated zone likely occurred) is followed by the highest
groundwater ET rate. Thus ET is highest when significant rainfall has likely provided some additional soil moisture (or
potentially groundwater recharge) at this location.

The CMRSET derived groundwater ET for the High ET site shows a higher level of level of summer ET during the drought period
(up to 4 mm/d), which is consistent across the observation period. There are no groundwater observations directly at this site,
but nearby observation wells show a watertable depth of ~1.9 m, thus it is likely that shallow groundwater provides a relatively
consistent source of water for ET throughout the drought.

3 Low AET site

|_

L

=5 2

L2

g £

3 E!

S =

°ox 0

oo

S 81

> un

2 3

2 -2

— £

w -3

v W

<

o -4

Jul-98 Apr-01 Jan-04 Oct-06 Jul-09 Apr-12
Date

Figure 13. Time series of CMRSET derived groundwater ET (total ET minus rainfall at a ‘low ET’ site (see
Figure 9 for locations)
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Figure 14. Time series of CMRSET derived groundwater ET (total ET minus rainfall) at a ‘high ET’ site (see
Figure 9 for locations)

352 Prior estimates of groundwater ET

While there have been no direct studies of ET on the Pike floodplain, studies of plant water use on similar floodplains have
been conducted, with a focus on groundwater use by plants. O'Grady et al. (2009) provide a summary of these studies which
show that rates of groundwater uptake by black box trees on floodplains generally range from 0.03-0.4 mm/d, while
groundwater uptake by river red gums is in the range of 1-2 mm/d. The rates depend on soil moisture salinity in the root
zone, with greater transpiration occurring where the water is fresher. Estimated groundwater ET rates derived from CMRSET
(CMRSET ET minus rainfall) are generally in the range of 0—-4 mm/d. Given the uncertainty in how groundwater ET is derived
from CMRSET, that is by subtracting monthly rainfall from a monthly estimate of AET from interpreted satellite data, these rates
of CMRSET derived groundwater ET and estimated plant groundwater use can be considered broadly in the same range;
however more work is required here.

353 Vegetation distribution

Gonzalez (2015) examined the relationship between annual AET from CMRSET and vegetation distribution in the SAMDB, and
found no significant correlation between annual AET and vegetation type. Following this Gonzalez (2015) noted that the
relevance of trying to determine any such relationship should be considered. While vegetation maps provide a useful guide to
landscape types on the floodplain, additional vegetation data (e.g. Vegetation health, leaf area index) not captured in the
mapping will influence the amount of ET for a given vegetation type. Consequently we did not perform a detailed geo-
statistical analysis of the relationship between CMRSET derived AET and vegetation type on the Pike floodplain.

Qualitative comparisons with vegetation type were made by overlying ET zones on maps of vegetation distribution (Figure 15).
Vegetation types were taken from functional group classifications described in DEWNR (2012). The zoning and time series
maps in Figure 12 reveal somewhat of a riparian corridor of higher AET along the River Murray, which likely relates to ET from
river red gums which line the river, and likely also direct evaporation from surface water in the river.

However elsewhere clear relationships between vegetation type and ET are not apparent. For example, the high ET zone south
of Tanyacka Creek corresponds with ‘flood dependent grasslands.” However this vegetation type extends further into the lower
ET zone of the central floodplain (before grading into 'black box woodlands’ which are generally lower in ET). As discussed
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earlier in relation to Figure 9, the temporal variations in ET in this Tanyacka Creek area suggest there is a relatively permanent
source of water for ET, possibly groundwater.

In summary, the CMRSET AET patterns are likely influenced by vegetation type and corresponding ET rates (e.g. river red gums
in the riparian zone). However vegetation is not the sole factor contributing to ET, and other factors such as water availability
are important. This limits the usefulness of correlating ET with vegetation type uniformly across the floodplain.

Pike Floodplain Evapotranspiration Study

Evapotranspiration Zones
and Vegetation Type
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Figure 15. ET zones and vegetation distribution on Pike floodplain

354 Weather station data

Unfortunately estimates of AET from the Calperum flux tower (located 20 km north-west of Renmark) could not be obtained for
this study. This is the only location to provide AET estimates in the region, which could be directly compared to CMRSET AET.

Reference ET data (PET for a generic ‘short’ crop type) from three of the Natural Resources SAMDB weather stations was
compared to CMRSET estimates of actual ET at the same location (Figure 16). All stations and their corresponding CMRSET
data cells are located amongst irrigated agriculture on the elevated areas outside of the floodplain. Weather station data is
generally available from 2008 onwards, and CMRSET data is only available (currently) up to 2012, thus the period of data
comparison is limited to 3.5 years.

DEWNR Technical note 2016/10 21



Bopkpl"fmon g
(<5 4

)

Pike Floodplain Evapotranspiration Study

Weather Station Sites

@ Vueather station
dh  River lock
Major road

Irrigation area
[ study area boundary
i3 vodel domain
“ River Murray channel
| Floodpiain

Figure 16. Location of the Yamba, Lyrup Flats and Bookpurnong weather stations operated by Natural
Resources SA Murray-Darling Basin

By definition, the reference ET should be higher than AET, as reference ET is essentially PET for a specific crop, thus assuming

an infinite source of moisture available, however there is still a broad positive correlation (R? = 0.6) between the reference ET

and the CMRSET based AET estimates (Figure 17). The difference between reference ET and AET estimates is generally low in
winter, and peaks in mid-summer. Higher ET in summer is expected based on weather parameters, however water availability

(soil moisture or groundwater) may be more limited in summer, which may be the reason for this larger difference in summer

(less AET because of less moisture availability). This is also supported by the difference between reference ET and CMRSET
derived AET being higher in drier years (Figure 18).

The difference in summer reference ET and AET varies between sites and between years (Figure 18). This may reflect differences

in what is captured by the 250 m x 250 m CMRSET data cell due to different land use practices from year to year. Further
investigation of these differences is beyond the scope of this study. A more conclusive trend may be established if actual ET
were measured at the same location as potential ET (recommendations for measuring actual ET are discussed in Chapter 4

and 5).
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Figure 18. Difference (each month) between CMRSET derived actual ET and weather station (short crop
reference) potential ET
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4  \Weather station installation

4.1 Site selection

Based on the analysis of CMRSET data across the Pike floodplain, two sites were chosen as locations to install weather stations
on the Pike floodplain. The two sites represent high and low ET characteristics, based on analysis of the CMRSET data (see
Figure 9 for time series of CMRSET AET at the two locations). The low ET location (Weather Station Site 1) is located near black
box vegetation. The high ET location (Weather Station Site 2) is located near the high ET zone identified in the CMRSET data,
south of Tanyacka Creek (Figure 19). Vegetation at the high ET site is sparse and consists of flood dependent grasses.
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Figure 19. Location of weather stations installed on Pike floodplain
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The weather stations were installed on 9 December 2015 (Figure 20). Like the weather stations of the SAMDB network, these
stations will provide an estimate of PET or reference ET at these locations. It is hoped that ongoing measurement of weather
data at these locations will improve understanding of PET on the Pike floodplain, and that this can be compared with CMRSET
AET and groundwater model ET in the future. These data will also be useful in studies of other floodplain environments in the
SAMDB region.

Figure 20. Weather station sites 1 and 2 on Pike floodplain (photos taken 10 December 2015)

Upgrade of these weather stations to measure AET as well as PET could be performed in the future. This would allow for more
direct validation of CMRSET data on the Pike floodplain. Upgrades would consist of a new pyranometer (a two component net
radiometer, approximate cost $3460). Such a pyranometer would also require an upgrade in the data logger on the weather
station (value $1550). Additionally two ibutton temperature sensors and downloading equipment (approximate cost of $450)
would be required. This additional data would allow estimation of AET via the maximum entropy production model of
evapotranspiration (MEP-ET, Shanafield et al., 2015). Total cost is estimated at $5460 per weather station.
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5 Conclusions and recommendations

Evapotranspiration (ET) is a critical process in the floodplains of the SA River Murray. It results in evapoconcentration of salts in
the groundwater and soil, impacting the health of vegetation. It also controls the watertable height and hence the interaction
between the surface water and groundwater, influencing (i) the location and extent of freshwater lenses and (ii) the flux of
saline groundwater to the river and its anabranches. It has been estimated to be the single largest component of the
groundwater balance for both Pike Floodplain and Katarapko Floodplain (Woods et al., 2014). Yet despite its importance to
floodplain ecological health and in-river salinity, ET data for the SA floodplains has been scarce.

5.1 Conclusions

Potential ET is estimated at weather stations but actual ET (AET) has been measured on the ground in only a few studies of the
River Murray floodplain (O'Grady et al., 2009). This study investigated a newly-available and extensive satellite-derived AET
dataset, CMRSET. Analysis of the CMRSET data, in conjunction with other information, has demonstrated:

e  Clear patterns of high and low AET are apparent across the Pike floodplain.

e These patterns can be observed monthly, seasonally, and across a range of climate conditions (during drought years
as well as above average rainfall years).

e Analysis of seasonal trends and patterns in floodplain AET has allowed the delineation of ET zones for the Pike
floodplain.

e  Patterns of high and low AET show some relationship with vegetation type (e.g. higher AET in the riparian zone where
river red gums are present) however there is not a clear correlation between spatial variation in vegetation and AET
across the floodplain.

e Temporal trends in AET are different for ‘high” and ‘low’ ET zones:

o Inlow ET zones, AET fluctuates a small amount seasonally (~10 — 20 mm difference between summer and
winter AET), but AET may increase dramatically (e.g. increase by 70 mm) in high rainfall years. This suggests
water availability (surface water, soil water and groundwater) is limited in these zones.

o Inhigh ET zones, there is a large seasonal fluctuation in AET (~100 mm difference between summer and
winter) and no significant increase in high rainfall years. This suggests a relatively permanent source of water
is available in these areas to support consistent seasonal ET during the drought.

e The difference in trends for high and low ET zones suggests groundwater (specifically depth to groundwater) is an
important factor influencing AET trends by providing a consistent source of water for ET during drought years.

This study has greatly improved the understanding of ET on Pike floodplain, and more broadly how floodplain ET may vary
spatially and temporally (and what it varies in response to). Availability of monthly CMRSET data has allowed this study to build
upon the findings of Gonzalez (2015). Also, given the specific spatial focus on ET variability, this study has improved the
conceptual model of Pike floodplain and ET processes. This new knowledge has been incorporated into the Pike Groundwater
model (Purczel et al., 2016) and will start to inform the way we model floodplain processes in future, thus feeding into the
decision support process.

5.2 Recommendations

The study has identified gaps in the understanding of floodplain ET. To address these gaps in future, it is recommended that:

e  CMRSET data should be compared to ET measured at the Calperum flux tower, located in mallee vegetation ~ 20 km
north-west of Renmark. This was a recommendation of Gonzalez (2015), however the Calperum ET data could not be
obtained during this study.
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Weather stations installed as part of this study should continue to be used for ongoing PET measurement on the Pike
floodplain. A longer term data record will provide: constraints on groundwater modelling, comparison between
CMRSET data and measured PET, and a comparison between highland and floodplain ET.

The weather stations should be upgraded to measure AET as well as PET, preliminarily costed at $5500 for each site
(plus installation).

The feasibility of performing more detailed field studies of ET on the Pike floodplain should be explored. Eddy
covariance towers should be considered. Rates and sources of plant water ET could be investigated, possibly through
sap flow and isotope techniques respectively.

Additional data sources should be identified that may be available to constrain estimates of AET on the Pike
floodplain, for example LIDAR data that may assist in improving vegetation mapping.

LANDSAT Data Cube imagery should be used to develop high-resolution AET data for the SA River Murray
floodplains. This should be ground-truthed against field estimates from eddy covariance towers and other sources.
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