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Alice Springs Mulga and Ti Tree East
Central Australia

Status of Alice Springs Mulga
and
Ecohydrologic and metabolic re-

sponses to deluge and drought

Network expansion: 2nd tower, 
AusCover, TERN Supersite and 
NCGRT Superscience Site



Site Characteristics
Alice Springs Mulga

•	 Canopy height 6.5 m
•	 606 m above sea level
•	 200 km north of Alice Springs
•	 Near Ti Tree NT
•	 Pine Hill Cattle Station
•	 Red compacted sandy loam 

(79:20 sand:silt)
•	 Water table: 49 m deep 
•	 Average precipitation: 305.9 mm 

per year

Mulga canopy
(Acacia)

Active Year-round
(O’Grady et al. 2009)

Seasonal

Understory



System maintenance and data delivery

CSAT3:
•	 Bird damage to 4 of 6 sonic transducers
•	 Wicks removed after sensor repair

LI7500:
•	 New sensor: [CO2] = 220 ppm
•	 Post-calibration drift toward lower density
•	 Bad circuit board
•	 [CO2] constrained by approximate global atmospheric observations

Soil moisture:
•	 completed calibration against in situ samples (repeated samples in top 10 

cm and single samples collected during installation of deep sensors)

OzFlux data portal:
•	 September 2010 – June 2012
•	 L3 & L4
•	 CF meta-data convention (thank you P. Isaac)
•	 OzFluxQCv2.0
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Surface Energy Balance
Near steady-state (24-hr total flux)

•	 L3 corrected but not gap-filled fluxes
•	 Ratio of outward radiation and energy fluxes to inward radiation and 

energy fluxes: 0.97
•	 Energy balance ratio = 0.95 on L4 gap-filled fluxes
•	 Summer EBR: 0.95; Winter EBR: 0.99
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Hydrology
Rainfall and Soil Moisture

Hypotheses:
•	 Deep soil moisture variably-responsive to precipitation regime
•	 ET during the wet higher than other global semi-arid ecosystems but 

negligible after sustained drought (High precipitation variability)
•	 Bulk ecosystem conductance responds more readily to vapour pressure 

deficit during wet conditions
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Hydrology
Evapotranspiration
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•	 Peak ET rates > 4 
mm/day

•	 ET < 0 during dry 
conditions

•	 Exponential de-
cline



Hydrology
Bulk stomatal conductance
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(Brutsaert 1982, Stull 1988)
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Carbon
NEE

Hypotheses:
•	 Stronger carbon sink strength when wet than source strength when dry
•	 Re and GPP dictated by temperature, soil moisture and seasonal phe-

nology (substrate)
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Carbon
Re and GPP

•	 GPP declines during drought, but Re also declines such that GPP tends to 
exceed Re

•	 Re responds rapidly and consistently to rainfall during drought
•	 GPP responses to rainfall during drought are slower and do not follow 

all events
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Alice Mulga TERN Supersite
Ti Tree NCGRT Superscience Site
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SALINITY As with most arid zone groundwaters, those in the basin contain moderate amounts of salt
(predominantly common salt, sodium chloride). Salinity, expressed as Total Dissolved Solids on the map below varies
across the basin. The salinity is related to how easily water can get into the aquifer. Where recharge is high, salinities are
lower but where recharge is low salt becomes concentrated in the soil and sub-soil by evapotranspiration and this is
eventually flushed into the groundwater. In places, higher salinities may limit the use of the water.

The nitrate content of the groundwater also limits its use for human consumption over much of the basin. It is natural in
origin and is produced by nitrogen fixing vegetation and termites.

What goes in must eventually come out! D I S C H A R G E usually occurs at low points in the landscape. In
the map area there are no springs or swamps that could discharge groundwater. Stirling Swamp located near Wilora,
60 km north of the basin is thought to be a discharge point for groundwater that leaves the basin via the narrow outlet
on its northeast side.

Within the basin the main mechanism of discharge is evaporatranspiration. The acacia shrubland that covers the area
is capable of tapping the watertable where it is shallow enough. The map below indicates the depth below ground
level of the water table.
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WATER LEVELS

REGIONAL SETTING
The TI-TREE BASIN is one of many small sedimentary basins found across Central Australia. It started
to form around 65 millions years ago when lakes and swamps occupied a depression in the landscape. Initially clay
and peat began to fill the basin but later, rivers carried sand, silt and clay, forming the upper portion of the basins fill.

20 40 80 kmkm 0 60

Cainozoic Basin

Limit of Ti-Tree Basin Aquifer

Surfacewater CatchmentMACKAY

HALE BASIN

Groundwater R E C H A R G E is the process where water seeps
down into the aquifer. Due to the low average rainfall (318 mm/year) and its
sporadic nature, the aquifer does not receive recharge every year. The abrupt
rises in groundwater levels seen on the graph to the right, record recharge
events, typically associated with heavy rainfalls. An exceptionally large event
occurred in the mid to late 1970’s. Groundwater levels have still not fallen to
pre-1970’s levels over much of the basin. The long term average recharge is
estimated at 2 mm/year, a relatively small amount.

Recharge is not evenly distributed across the area but is thought to be
concentrated in flood-outs. These are features where rivers enter the basin from
adjoining hills and then fan out across the plains into numerous channels. During
the rare times that the rivers flood, most of the water soaks into the sandy soils
of the flood-outs and the flood-waters only reach a limited distance from the hills.
The Allungra Creek and Woodforde River flood-outs are the most important
recharge areas in the basin.

Once in the aquifer, G R O U N D W A T E R M O V E S horizontally under the action of gravity.
The directions that the water moves can be deduced from the watertable map below. It moves from where the watertable is
high to where it is low. Recharge areas tend to be in the high watertable zones and discharge from the aquifer tends to occur
where the watertable is lower. Groundwater flows relatively slowly (centimetres to metres per year) due to the low hydraulic
gradients that drive the process and the resistance of having to pass through the minute pores between sand grains.

The dominant pattern of flow is from south to north. The groundwater that is not used by evapotranspiration is funnelled into
the narrow outlet on the basins north east side.
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The TI-TREE BASIN
AQUIFER

The main Ti-Tree Basin A Q U I F E R (water bearing formation) is
developed in the old river sands. It is located as shallow as 10 metres to over
60 metres below the ground. In places moderately high yields (5 to 15
L/second) can be extracted from bores. Variations in thickness of the aquifer
and in the amount of silt and clay mixed with the sand make for considerable
variability in bore yield. Aquifers occur beneath the main aquifer but they are
generally limited in extent and thickness.

The cross-section above shows the location of the main aquifer in relation to
the two main geological layers.

Current Monitoring Bores

Ti-Tree Basin
Aquifer
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•	 Horizontally heterogeneous
•	 Clumped mulga in semi-arid savanna
•	 Depth to water: estimated between 7 and 10 metres belowground



Ti Tree East
EC tower

April – May 2012:
•	 Footings dug and concrete poured
•	 Underground conduit run through trenches
•	 10 m tower erected
July 2012:
•	 System to be brought on-line



Ti Tree East
Ecosystem characteristics

•	 3 ground habitats for soil sensor arrays: 
mulga, spinifex-mulga ecotone, inter-mulga and understory grasses



AusCover
Vegetation plots established

•	 Three plots associated with each tower
•	 One plot within the footprint of the Alice Springs Mulga tower (200 m)
•	 Plots in representative ecosystems at Ti Tree East



Thank you
Questions?


