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Part II Resource
information for
assessing potential
development
opportunities
Chapters 2 and 3 provide baseline information that readers can use to understand what soils and
water resources are present in the Darwin catchments and the current living and built
environment of the Darwin catchments. This information covers:
• the physical environment (Chapter 2)
• the people, ecology and institutional context (Chapter 3).
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2

Physical environment of the Darwin
catchments

Authors: Justin Hughes, Phil Davies, Fazlul Karim, Steve Marvanek, Cuan Petheram, Seonaid Philip,
Andrew R Taylor, Cate Ticehurst, Chris Turnadge, Jo Vanderzalm, Bill Wang and Ian Watson
Chapter 2 examines the physical environment of the Darwin catchments and seeks to identify the
available soil and water resources. It provides fundamental information about the geology, soil,
climate and the river and groundwater systems of the catchments. These resources underpin the
natural environment and existing industries, providing physical bounds to the potential scale of
irrigation development. Key components and concepts are shown in Figure 2-1.

Figure 2-1 Schematic diagram of key natural components and concepts in the establishment of a greenfield
irrigation development
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2.1

Summary

This chapter provides a resource assessment of the geology, soil, climate, groundwater and
surface water resources of the Darwin catchments. No attempt is made in this chapter to calculate
physically plausible areas of land or volumes of water that could potentially be used for agriculture
or aquaculture developments. These analysis are reported in Chapters 4 and 5.

2.1.1

KEY FINDINGS

Soils
The dominant soils in the Darwin catchments are seasonally or permanently wet soils (42% of the
catchments). In coastal parts of Asia these soils are extensively used for agricultural production
(e.g. ponded rice) using manual labour; however, in Australia, they are generally considered
unsuitable for agriculture without extensive drainage works due to problems with trafficability and
inadequate drainage of the land. These soils occur as narrow alluvium adjacent to the Adelaide
and Mary rivers south of the Arnhem Land Highway (about 87,000 ha), however, they are well
suited to dry-season rice production. Elsewhere in the Darwin catchments the red loamy soils
(14%) and brown, yellow and grey loamy soils (14%) have moderate to high agricultural potential.
The remaining soils of the study area are shallow and/or rocky soils (30%) with negligible
agricultural potential.
Climate
The Darwin catchments have a hot and humid climate. The catchment has a highly seasonal
climate with an extended dry season. It receives, on average, 1423 mm of rain per year, 95% of
which falls during the wet season. Mean daily temperatures and potential evaporation are high
relative to other parts of Australia. On average, potential evaporation is over 1900 mm/year,
however, the annual net evaporative loss (annual evaporation minus rainfall) ranges from about 0
to 700 mm, less than many parts of southern and northern Australia.
Overall, the climate of the Darwin catchments generally suits the growing of a wide range of crops,
though in most years rainfall would need to be supplemented with irrigation. The variation in
rainfall from one year to the next is low compared to elsewhere in northern Australia yet is high
compared to other parts of the world with similar mean annual rainfall. The length of consecutive
dry years is not unusual in the Darwin catchments and the intensity of the dry years is similar to
many centres in the Murray–Darling Basin and east coast of Australia. Since 1970, the Darwin
catchments experienced one tropical cyclone in 36% of cyclone seasons and two tropical cyclones
in 11% of seasons.
Approximately a quarter of the global climate models (GCMs) project an increase in mean annual
rainfall, a quarter project a decrease in mean annual rainfall and about half indicate ‘little change’.
Hydrology
The timing and event-driven nature of rainfall events and high potential evaporation rates across
the Darwin catchments have important consequences for the catchment’s hydrology.
Approximately 95% of runoff occurs during the wet season, with 82% of all runoff occurring during
the 3-month period from January to March, which is very high compared to southern Australia.
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This means that in the absence of groundwater, water storages are essential for dry-season
irrigation.
The major aquifers in the Darwin catchments occur within dissolution features in the dolostone
rocks. The extensive Koolpinyah Dolostone aquifer near Darwin is the main groundwater resource
in the Darwin catchments, and is generally considered to be fully utilised west of the Adelaide
River. There may be opportunities for further groundwater development in the Koolpinyah
Dolostone east of the Adelaide River, though little is known about this system. Sandstone aquifers
in the northern Mary and Wildman catchments offer the greatest future opportunity for sourcing
groundwater for irrigation in the Darwin catchments. Elsewhere, old fractured igneous and
metamorphic rocks occur over approximately 80% of the Darwin catchments. Small quantities of
groundwater contained in the fractures may support stock and domestic use.
The mean annual discharge from the Finniss (1436 GL), Adelaide (2413 GL), Mary (2405 GL) and
Wildman (905 GL) catchments into the Arafura and Timor seas is 7159 GL. However, a large
proportion of this discharge (>40%) is generated on the large coastal floodplains. Downstream of
the Arnhem Highway the coastal floodplains can be inundated for long periods of time (>20 days)
due to the low relief and tidal influence.
Most rivers in the catchment are ephemeral, flowing less than 30% of the time, and are reduced to
a few scarce and vulnerable waterholes during the dry season. The waterholes are largely
replenished by streamflow, rather than groundwater, and act as critical refugia for aquatic biota
(see Section 3.2).

2.1.2

INTRODUCTION

This chapter seeks to address the question ‘What soil and water resources are available for
irrigated agriculture in the Darwin catchments?’
The chapter is structured as follows:
• Section 2.2, examines the geology of the Darwin catchments, which is important in
understanding the distribution of valuable minerals, coal, groundwater, soil and areas of high
and low relief, which influences flooding and the deposition of soil.
• Section 2.3, examines the distribution of soils in the Darwin catchments, their attributes and
discusses management considerations.
• Section 2.4, examines the climate of the Darwin catchments, including historical and future
projections of patterns in rainfall.
• Section 2.5, examines the groundwater and surface water hydrology of the Darwin catchments,
including groundwater recharge, streamflow and flooding.
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2.2

Geology of the Darwin catchments

Geological history is closely linked to resources such as valuable minerals, coal, groundwater and
soil. Geology also controls topography, which in turn is a key factor in the location of potential
dam sites, flooding and deposition of soil. These resources are all important considerations when
identifying suitable locations for large water storages and understanding past and present
ecological systems and patterns of human settlement.
The geology of the four Darwin catchments (i.e. Finniss, Adelaide, Mary and Wildman catchments)
may be divided into two major topographical and geological divisions: The Pine Creek Orogen in
the south and central part of the Darwin catchments and the Money Shoal Basin in the north
(Figure 2-2).

Figure 2-2 Major geological provinces of the Darwin catchments

The Pine Creek Orogen is a geological province underlain by sedimentary, metamorphic and
igneous rocks of Precambrian age (Archean to Neoproterozoic). The area is undulating with
isolated ranges of quartzite and other metamorphic and igneous rocks. The rocks in the Pine Creek
Orogen have been intruded with granite, folded, faulted and uplifted and subject to long periods
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of erosion since they were formed. Most of the rocks of the Pine Creek Orogen have very low
primary porosity (<2%), with pores that are very small and not interconnected. Consequently, they
do not hold much groundwater and are essentially impermeable. Where the metamorphic and
igneous rocks are weathered and fractured, they can contain volumes of water that, while not
large, can have local importance. However, the fractured and karstic carbonate rocks of the
Woodcutters Supergroup present in the northern part of the Pine Creek Orogen (Proterozoic
dolostones) do contain intermediate-scale aquifers with large volumes of good quality
groundwater currently used for town water supplies and irrigation near Darwin (Figure 2-3).
The best potential large dam sites in the Darwin catchments are found where rivers have eroded
through meta-sedimentary volcanic or igneous rocks of the Finniss River Group in the Pine Creek
Orogen, particularly where there is relatively shallow rock in the valley floor (Figure 2-3). Major
ore bodies in the Darwin catchments generally sit within, or above the old igneous and
metamorphic rocks (i.e. older than Permian, Figure 2-3) of the Pine Creek Orogen. Initially hot
fluids were formed by metamorphism, or expelled from cooling granites, precipitating minerals
into veins and into the roofs of intrusions. Most mineral occurrences are alluvial gold and tin
systems, which were later eroded from quartz reefs and pegmatites (coarse granites), respectively,
and uranium associated with Archean granite. In general, most exploration and mining tenements
in the Darwin catchments are closely correlated, with the most economically important being gold
and uranium. Gold is hosted in quartz-reef deposits near Pine Creek, while uranium occurs around
older Archean age granite (Figure 2-3) sitting at the boundary between the Finniss and Adelaide
catchments (McCready et al., 2004). Soils over the older rocks in the Darwin catchments are thin in
much of the area but there are channel deposits in the rivers and alluvial terraces and colluvium
on many of the slopes. Deeper alluvium occurs on the lower reaches of the rivers in the Pine Creek
Orogen and the tidal sections of the rivers are also likely to contain soft estuarine sediments in the
valley floor.
The Money Shoal Basin extends up to 50 km inland and is overlain by the present day coastal
plains. The plains are underlain by up to at least 20 m of alluvium and estuarine sediments, which
in turn are underlain by rocks of Jurassic to Cretaceous age (Figure 2-3). Where the rivers are tidal,
the presence of soft estuarine sediments has the potential to make dam design more challenging
and construction more expensive, which may compromise the feasibility of a dam.
Most of the rocks of the Money Shoal Basin also have very low primary porosity and do not hold
much groundwater. Where these rocks are fractured, however, they can contain volumes of water
that, while not large, can have local importance.
Unconsolidated sediments are ‘loose’ grains or aggregates and are prominent across the Money
Shoal Basin (Figure 2-3). Where they comprise mainly sand or gravel, they often form highly
porous, high-yielding aquifers that can be found in the Mary and Wildman rivers area as
palaeochannels (an inactive river or stream channel buried by younger sediments). Those
comprising mainly clay often have low porosity, low permeability and low aquifer yield.
Unconsolidated alluvial sediments (i.e. deposited by rivers) form in the downstream sections of
the Finniss, Adelaide, Mary and Wildman rivers in the northern part of the Darwin catchments, but
most of these alluvial sediments comprise clay. Alluvial clay areas are predominantly unsuitable
for cropping due to waterlogging conditions, but large areas are moderately suitable for
aquaculture.
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Figure 2-3 Surface geology of the Darwin catchments
Source: Raymond et al. (2012).

2.3

Soils of the Darwin catchments

2.3.1

INTRODUCTION

Soils in a landscape occur as complex patterns resulting from the interplay of five key factors:
parent material, climate, organisms, topography and time (Fitzpatrick, 1986). Consequently, soils
can be highly variable across a landscape, with different soils having different attributes that
determine their suitability for growing different crops and guide how they need to be managed.
The distribution of these soils and their attributes closely reflect the geology and landform of the
catchments. Hence data and maps of soil and soil attributes, which provide a spatial
representation of how soils vary across a landscape, are fundamental to regional-scale land use
planning.
This section briefly describes the spatial distribution of soil groups (Section 2.3.2) and soil
attributes (Section 2.3.3) in the Darwin catchments. The management considerations are also
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summarised. Maps showing the suitability of different crops under different irrigation types are
presented in Chapter 4.
Unless otherwise stated, the material in Section 2.3 is based on findings described in the
companion technical reports on digital soil mapping (Thomas et al., 2018a) and land suitability
(Thomas et al., 2018b). Soils and their attributes were collected and described adhering to
Australian soil survey standards (National Committee on Soil and Terrain, 2009).

2.3.2

SOIL CHARACTERISTICS

The soils of the Darwin catchments can be classified into soil generic groups (SGGs) (Table 2-1 and
Figure 2-4). These groupings provide a means of aggregating soils with broadly similar properties
and management considerations. While all SGGs are found in the Darwin catchments, only four of
them occupy more than 1% of the area, noting that 1% is equivalent to 30,000 ha These four SGGs
are seasonally or permanently wet soils (SGG 3, 42%), loamy soils (SGG 4.1, 14% and SGG 4.2,
14%) and shallow and/or rocky soils (SGG 7, 30%). Red soils generally indicate well-drained soils,
whereas yellows, greys and even bluey-green indicate increasingly persistent wetness, and
ultimately, permanent waterlogging. Mottles indicate cycling between wetting and drying soil
conditions, indicating the presence of imperfect drainage and seasonal inundation.
Table 2-1 Soil generic groups (SGG) for the Darwin catchments
Figure 2-4 shows the location of the soil generic groups within the Darwin catchments.
SGG

SGG OVERVIEW AND
% OF AREA

GENERAL DESCRIPTION

LANDFORM

MAJOR MANAGEMENT
CONSIDERATIONS

1.1

Sand or loam over
relatively friable
red clay subsoils

Strong texture contrast between the
A and B horizons, A horizons
generally not bleached. B horizon
not sodic and may be acid or
alkaline. Moderately deep to deep
well-drained red soils

Undulating plains to
hilly areas on a wide
variety of parent
materials

The non-acid soils are widely used
for agriculture; the strongly acid
soils are generally used for native
and improved pastures

As above, but moderately welldrained to imperfectly drained
brown, yellow and grey soils

As above

As above, but may be restricted
by drainage related issues

Moderate to strongly structured,
neutral to strongly acid soils with
little or only gradual increase in clay
content with depth. Grey to red,
moderately deep to very deep soils

Plains, plateaus and
undulating plains to hilly
areas on a wide variety
of parent materials

Generally high agricultural
potential because of their good
structure, and their moderate to
high chemical fertility and waterholding capacity. Ferrosols on
young basalt and other basic
landscapes may be shallow and
rocky

A wide variety of soils grouped
together because of their seasonal
or permanent inundation. No
discrimination between saline and
fresh water

Coastal areas to inland
wetlands, swamps and
drainage depressions.
Mostly unconsolidated
sediments, usually
alluvium

Require drainage works before
development can proceed. Acid
sulfate soils and salinity are
associated problems in some
areas

Well-drained, neutral to acid red
soils with little or only gradual
increase in clay content at depth.
Moderately deep to very deep red

Level to gently
undulating plains and
plateaus, and some
unconsolidated
sediments, usually

Moderate to high agricultural
potential with spray or trickle
irrigation due to their good
drainage. Low to moderate waterholding capacity, often hard-

(<1%)

1.2

Sand or loam over
relatively friable
brown, yellow and
grey clay subsoils
(<1%)

2

Friable noncracking clay or clay
loam soils
(<1%)

3

Seasonally or
permanently wet
soils
(42%)

4.1

Red loamy soils
(14%)
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SGG

4.2

5

SGG OVERVIEW AND
% OF AREA

GENERAL DESCRIPTION

LANDFORM

MAJOR MANAGEMENT
CONSIDERATIONS

soils

alluvium

setting surfaces

As above, but more
common in lower parts
of the landscape

As above, but may be restricted
by drainage related issues

(14%)

As above, but moderately welldrained to imperfectly drained
brown, yellow and grey soils

Peaty soils

Soils high in organic matter

Predominantly swamps

Low agricultural potential due to
very poor drainage

Moderately deep to very deep red
sands, may be gravelly

Sandplains and dunes;
Aeolian, fluvial and
siliceous parent material

Low agricultural potential due to
excessive drainage and poor
water-holding capacity. Potential
for irrigated agriculture

Moderately deep to very deep
brown, yellow and grey sands, may
be gravelly

As above, but more
common in lower parts
of the landscape

Low agricultural potential due to
poor water-holding capacity
combined with seasonal drainage
restrictions. May have potential
for irrigated agriculture

Very shallow to shallow <0.5 m.
Usually sandy or loamy, but may be
clayey. Generally weakly developed
soils that may contain gravel

Crests and slopes of hilly
and dissected plateaus
in a wide variety of
landscapes

Negligible agricultural potential
due to lack of soil depth, poor
water-holding capacity and
presence of rock

Strong texture contrast between the
A and B horizons; A horizons usually
bleached. Usually alkaline but
occasionally neutral to acid subsoils.
Moderately deep to deep

Lower slopes and plains
in a wide variety of
landscapes

Generally low to moderate
agricultural potential due to
restricted drainage, poor root
penetration and susceptibility to
gully and tunnel erosion. Those
with thick to very thick A horizons
are favoured

Clay soils with shrink-swell
properties that cause cracking when
dry. Usually alkaline and moderately
deep to very deep

Floodplains and other
alluvial plains. Level to
gently undulating plains
and rises (formed on
labile sedimentary rock).
Minor occurrences in
basalt landscapes

Generally moderate to high
agricultural potential. The
flooding limitation will need to be
assessed locally. Many soils are
high in salt (particularly those
associated with the treeless
plains). Gilgai and coarse
structured surfaces may occur

Moderately deep to deep soils that
are calcareous throughout the
profile

Plains to hilly areas

Generally moderate to low
agricultural potential depending
on soil depth and presence of
rock

Brown, yellow and
grey loamy soils

(<1%)
6.1

Red sandy soils
(<1%)

6.2

Brown, yellow and
grey sandy soils
(<1%)

7

Shallow and/or
rocky soils
(30%)

8

Sand or loam over
sodic clay subsoils
(<1%)

9

Cracking clay soils
(<1%)

10

Highly calcareous
soils
(<1%)

The red, yellow and grey loamy soils (SGG 4.1 and SGG 4.2) occur extensively on a variety of
geologies and landforms across the catchments. The elevated level to gently undulating sediments
along the Darwin Coast and some plateaus in the upper parts of the catchments usually have
sandy to loamy surfaced well-drained red soils on the plains and upper slopes, while sandy to
loamy surfaced moderately well-drained to imperfectly drained brown, yellow and grey soils occur
on the plains and lower landscape positions. These soils are also often associated with the narrow
levees adjacent to the major rivers and tributaries on the alluvial plains across the catchments.
The depth to iron pans and the abundance of iron nodules relate to position in the landscape, the
degree of erosion of the original deeply weathered surface and the colluvial deposition on lower
slopes. Moderately deep soils with abundant iron nodules and iron pans frequently occur on midto-lower slopes. Exposed laterite is common.
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Figure 2-4 The soil generic groups of the Darwin catchments produced by digital soil mapping
The insert map shows the data reliability, which for SGG mapping is based on the confusion index as described in the
companion technical report on digital soil mapping (Thomas et al., 2018a).

The lower slopes of the metamorphic hills and rises in the upper parts of the catchments usually
have moderately deep, moderately well-drained to imperfectly drained, sandy to loamy surfaced,
yellow and brown massive soils frequently with rock fragments throughout the profile.
Moderately deep to deep, well-drained to imperfectly drained, red and mottled yellow, hardsetting loamy surfaced massive soils occur in association with friable clay or clay loam soils (SGG 2)
on the gently undulating rises and plains in the Reynolds River subcatchment within the Finniss
catchment.
All the loamy soils in the SGG 4 category are typically nutrient deficient because of their age of
weathering, hence irrigated cropping requires very high fertiliser inputs (including trace elements)
when land is initially developed. After the initial application, fertiliser rates follow recommended
crop requirements. Irrigation potential is limited to spray and drip irrigated crops on the
moderately deep to deep soils with low to moderate soil water storage and fewer iron nodules.
The current Asian vegetable horticultural industry is largely found on these soils, and where the
lateritic pan is close to the surface (i.e. the soil is shallow), growers mound the soil.
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All river systems of the Darwin Coast alluvial plains have seasonally wet or permanently wet soils
(SGG 3) occurring extensively on a range of swamps, drainage lines, lower slopes and low-lying
alluvial, coastal and marine plains. Very poorly drained saline coastal marine plains subject to tidal
inundation have very deep strongly mottled grey non-cracking and cracking clays. The marine
plains and much of the coastal freshwater swamps are also subject to storm surge from cyclones.
The coastal marine clays, salt pans and mangroves often have acid sulfate deposits in the profile,
which when disturbed and exposed to air form sulfuric acid in the soil with the potential to release
noxious contaminant. These soils all have limited potential for agricultural development. Together,
these soils make up 42% of the catchments. The inland low-lying seasonally wet alluvial plains of
the upper Adelaide and Mary rivers are suited to dry-season irrigated agriculture.
The shallow sandy and stony soils (SGG 7) occur extensively across the upper parts of the
catchments and on exposed laterite of the deeply weathered sediments on the coastal plains. Soils
are dominated by shallow gravelly soils with abundant rock or laterite outcrop. All shallow and
gravelly soils with abundant rock outcrop have very low to low soil water storage, are generally
associated with steep slopes subject to erosion and limited potential for agricultural development.
These soils are also fragmented in the landscape due to intense drainage patterns, further
affecting development viability because of a lack of sufficiently large coherent areas.
The friable clays and clay loam soils (SGG 2) occur to a very limited extent (a little over 2000 ha in
total) predominantly as deep hard-setting loamy surfaced soils over friable mottled yellow and
brown subsoils. These have developed on limestone, mudstone and siltstone of the Reynolds River
subcatchment within the Finniss catchment. The soils are suitable for cropping and horticultural
tree crops. Other areas of friable clays and clay loam soils are very minor, including the lower
slopes of the metamorphosed hills in the upper parts of the catchments and the levees on the
alluvial plains of the major rivers through the catchments.
Deep sandy soils (SGG 6.1 and SGG 6.2) occur to a limited extent (a little over 2000 ha) as very
deep sands on the beach ridges along the coast, as moderately deep to deep well-drained to
imperfectly drained red and yellow sands on quartz sandstones, and as very deep red, yellow and
grey sand on levees and prior streams on alluvial plains. While only very limited areas are mapped
they may occur more widely in small pockets in conjunction with SGG 4.1 and SGG 4.2 soils. These
highly permeable soils with very low soil water storage have potential for irrigated horticulture,
otherwise the agricultural potential is low.
Sand or loam over relatively friable red (SGG 1.1), brown yellow and grey (SGG 1.2) clay subsoils
peaty soils (SGG 5), highly calcareous soils (SGG 10), sodic soils (SGG 8) and cracking clays (SGG 9)
have been modelled as very small areas but due to the resolution of the mapping the areas may
be underestimated.

2.3.3

SOIL ATTRIBUTE MAPPING

Using a combination of field sampling (Figure 2-5) and digital soil mapping techniques, the
Assessment mapped 16 attributes affecting the agricultural suitability of soil for the Darwin
catchments as described in the companion technical report on digital soil mapping (Thomas et al.,
2018a).
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Descriptions and maps for six key attributes are presented below:
• surface soil pH
• minimum soil depth
• soil surface texture
• permeability
• plant available water capacity (PAWC) in the upper 100 cm of the soil profile – referred to as
PAWC 100
• rockiness.
An important feature of the predicted attributes map is the companion reliability map indicating
the relative confidence in the accuracy of the attribute predictions, noting that mapping is only
provided here for regional-scale assessment. Areas of high reliability allow users to be more
confident in the quality of mapping, whereas areas of low reliability show where users should be
cautious.

Figure 2-5 Field soil sampling to 1.5 m depth of DSM chosen sites for modelling and chemical analysis carried out by
CSIRO and the NT Department of Environment and Natural Resources
Photo: CSIRO
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Surface soil pH
The pH value of a soil reflects the extent to which the soil is alkaline or acidic. This is important
because pH affects the extent to which nutrients are available to the plant and, hence, plant
growth. For most plants, most soil nutrients are most available in the pH range 5.5 to 6.5. Nutrient
imbalances are common for soils with pH greater than 8.5 and less than 5.5. Soils in these
catchments are dominated by acid surface pH (i.e. 5.5 to 7.0, measured in the top 10 cm) generally
reflecting the high rainfall and high leaching rate environment of the coastal catchments. Even the
soils developed on the limestone and dolomitic rocks of the Reynolds River subcatchment within
the Finniss catchment have acid surface pH. The coastal marine plains have a neutral to alkaline
pH (7.0 to 8.5) due to the influence of sea water. The reliability associated with pH predictions is
high with moderate reliability on the coastal floodplains and swamps due to limited access and
site data (Figure 2-6). Farm- and paddock-scale planning of agriculture development should rely on
local soil testing and use these maps only as a guide to soil pH.

Figure 2-6 Surface soil pH of the Darwin catchments
(a) Surface soil pH as predicted by digital soil mapping and (b) reliability of the prediction. Surface soil pH is the pH in
the top 10 cm.
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Minimum soil depth
Soil depth defines the potential root space and the amount of soil from which plants obtain their
water and nutrients. Deep to very deep soils occur on the alluvial plains and coastal wetlands, the
deeply weathered coastal plains and plateaus, and lower slopes of the hills and rises in the upper
parts of the catchments (Figure 2-7). Shallow soils are dominant on the upper slopes of the hills
and edges of plateaus in the upper areas, and mid-to-lower slopes of the deeply weathered
coastal plains. The reliability associated with mapping of soil depth is generally moderate to high
with lower reliability associated with the complex rugged geologies of the upper parts of the
catchments where access and site information is limited (Figure 2-7b).

Figure 2-7 Minimum soil depth of the Darwin catchments
(a) Minimum soil depth as predicted by digital soil mapping and (b) reliability of the prediction.
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Soil surface texture
Soil texture refers to the proportion of sand, silt and clay sized particles that make up the mineral
fraction of a soil. Surface texture influences soil water-holding capacity, soil permeability, soil
drainage, water and wind erosion, workability and soil nutrient levels. Light soils are generally
those high in sand and heavy soils are dominated by clay. Sandy surface textures dominate the
catchment, reflecting the geology dominated by sandstones on coastal plains, the metamorphic
sandstone hills, and the granites of the catchment of the Finniss River and areas around Pine Creek
(Figure 2-8). Loamy surface textures are mainly associated with the loamy soils (SGG 4.1) on the
deeply weathered coastal plains in the west, various shallow soils (SGG 7) on the fine-grained
metamorphic geologies, and on the friable clays and clay loam soils (SGG 2) developed on
limestone, dolomitic siltstone, mudstone and siltstone in the subcatchment of the Reynolds River
within the Finniss catchment. Silty surface textures are mainly associated with the sodic soils
(SGG 3 and SGG 8) on the alluvial plains of the major rivers grading to clay textures (SGG 3 and
SGG 9) lower in the catchments. Soil surface texture is mapped with most reliability in areas with
uniform soils with good access and site information, such as the alluvial plains and coastal plains.
Low reliability is mainly associated with the complex rugged geologies of the upper parts of the
catchments.

Figure 2-8 Soil surface texture of the Darwin catchments
(a) Surface texture of soils as predicted by digital soil mapping and (b) reliability of the prediction.

Chapter 2 Physical environment of the Darwin catchments | 31

Permeability
The permeability of the profile is a measure of how easily water moves through a soil. Flood and
furrow irrigation is most successful on soils with low and very low permeability to reduce root
zone drainage (i.e. water that passes below the root zone of a plant), rising watertables and
nutrient leaching. Spray or drip irrigation is more efficient on soils with moderate to high
permeability. The Darwin catchments are dominated by moderately permeable soils (Figure 2-9),
the friable clays and clay loam soils (SGG 2) in the Reynolds River subcatchment within the Finniss
catchment; particularly the red, yellow and grey loamy soils (SGG 4.1 and 4.2); and most of the
shallow and stony soils (SGG 7). The highly permeable soils are restricted to the sands (SGG 6.1
and SGG 6.2) on the beach ridges along the coast; the red, yellow and grey sands developed on the
quartz sandstones; and the shallow sandy soils, mainly of granite origin, on the hills in the upper
parts of the catchments. The slowly permeable to very slowly permeable soils are associated with
the cracking clay soils of the river alluvial plains and floodplains (SGG 3 and SGG 9), the soils with
sand or loam over sodic subsoils of the river alluvial plains and floodplains (SGG 3 and SGG 8) and
some of the shallow sandy and stony soils (SGG 7) with sodic subsoils. Permeability mapping
reliability is highly variable due to the complex interactions in the soil forming factors, particularly
the complex geology, landscape position and the age of the various landscapes. In general, the
coastal plains and alluvial plains with uniform soil distribution have a higher reliability.

Figure 2-9 Soil permeability of the Darwin catchments
(a) Soil permeability as predicted by digital soil mapping and (b) reliability of the prediction.

32 | Water resource assessment for the Darwin catchments

Plant availability water capacity to 100 cm
Plant available water capacity (PAWC) is the maximum volume of water the soil can hold for plant
use. PAWC 100 is the maximum volume of water that the top 100 cm of soil can hold for plant use.
The higher the PAWC 100 value, the greater the capacity of the soil to supply plants with water.
For irrigated agriculture, it is one factor that determines irrigation frequency and volume of water
required to wet up the soil profile. Low PAWC 100 soils require more frequent watering and lower
volumes of water per irrigation. For dryland agriculture, PAWC 100 determines the capacity of
crops to grow and prosper during dry spells.
The PAWC 100 is highest on the seasonally wet to wet clay soils (SGG 3 and SGG 9) of the lower
floodplains (Figure 2-10a). Most of the sodic texture contrast and gradational soils on the alluvial
plains (SGG 8), some of the deep friable clays and loams (SGG 2) and the loamy surfaced loamy
soils (SGG 4.1 and SGG 4.2) have moderate PAWC. Minor sands (SGG 6.1 and SGG 6.2) and shallow
coarser grained or stony soils (SGG 7), particularly those developed on granite and quartz
sandstones, have very low PAWC 100. The remaining soils, particularly the sandy surfaced loamy
soils (SGG 4.1 and SGG 4.2) and some of the shallow soils (SGG 7), have moderate (50 to 75 mm)
PAWC 100 values. Figure 2-10b indicates a moderate to high reliability in areas with uniform soils
with good access and site information, such as the alluvial plains and coastal plains. Low reliability
is mainly associated with the complex rugged geologies of the upper parts of the catchments.

Figure 2-10 Plant available water capacity in the Darwin catchments
(a) Plant available water capacity in the upper 100 cm of the soil profile (PAWC 100) as predicted by digital soil
mapping and (b) reliability of the prediction.
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Rockiness
The rockiness of the soil has both an impact on agricultural management and on the growth of
some crops, particularly root crops. Coarse fragments (e.g. pebbles, gravel, cobbles, stones and
boulders), hard segregations and rock outcrop in the plough zone can damage and/or interfere
with the efficient use of agricultural machinery. Surface gravel, stone and rock are particularly
important and can interfere significantly with planting, cultivation and harvesting machinery used
for root crops, small crops, annual forage crops and sugarcane.
The distribution of the rocky soils (Figure 2-11) strongly reflects the patterns from the previous
attributes. For example, the uplands are dominated by rocky soils associated with the shallow soils
of SGG 7. The reliability of the rockiness predictions is variable, with more reliable predictions
associated with the deeper soils in the lower parts of the catchments. Low reliability in the central
and upper parts of the catchments is associated with the complex rugged geology and restricted
site information, due to limited access.

Figure 2-11 Rockiness in soils of the Darwin catchments
(a) Rockiness represented by presence or absence as predicted by digital soil mapping and (b) reliability of the
prediction.
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2.4

Climate of the Darwin catchments

2.4.1

INTRODUCTION

Weather is the key source of uncertainty affecting crop yield. It influences the rate and vigour of
crop growth, while catastrophic weather events can result in extensive crop losses. Key climate
parameters controlling plant growth and crop productivity include rainfall, temperature, radiation,
humidity and wind speed and direction. These parameters are interrelated so impact
synergistically.
Of all the climate parameters affecting hydrology and agriculture in water-limited environments,
rainfall is usually the most important. Rainfall is the main determinant of runoff and recharge and
is a fundamental requirement for plant growth. For this reason, reporting of climate parameters is
heavily biased towards rainfall data. Other climate variables affecting crop yield are discussed in
the companion technical reports on climate (Charles et al., 2016) and agricultural viability (Ash
et al., 2018).
Unless otherwise stated, the material in Section 2.4 is based on findings described in the
companion technical report on climate (Charles et al., 2016).

2.4.2

WEATHER PATTERNS OVER THE DARWIN CATCHMENTS

The Darwin catchments are characterised by a distinctive wet and dry season due to their location
in the Australian summer monsoon belt (Figure 2-12). During the build-up months (typically
September to December) the Darwin catchments typically experience low-level easterly winds,
which can carry pockets of dry or humid air, and can result in short-lived thunderstorm activity
under favourable conditions. During the early build-up months (September to October) the bulk of
rain falls within about 100 km of the west coast of the ‘Top End’ including the Finniss and Adelaide
catchments, while the Mary and Wildman catchments generally receive less rainfall over this
period. From November onwards, rainfall distribution is more uniform across the four catchments.
During the wet season low-level westerly winds dominate. ‘Shallow westerly’ regimes are typical
of an ‘inactive monsoon’ period (when the monsoon trough temporarily weakens or retreats north
of Australia), and favour early morning thunderstorms along the coast, while afternoon
thunderstorm activity is more common inland. ‘Deep westerly’ regimes correspond to an ‘active
monsoon’ period, where storms typically have low cloud-top heights and showers and
thunderstorms can be gusty and cause heavy rainfall due to the large water content of the
maritime air mass.
The mean annual rainfall, averaged over the Darwin catchments for the 125-year historical period
(1 September 1890 to 31 August 2015), is 1423 mm. Rainfall is highest in the north-western part of
the region (i.e. Finniss catchment) and lowest in the south-eastern part of the region (i.e. Mary
catchment) (Figure 2-13). This is because the coastal zone receives more wet-season rainfall as a
result of active monsoon episodes, which are subject to a north-westerly wind regime. The Darwin
catchments are flat, and consequently there is no noticeable topographic influence on climate
parameters such as rainfall or temperature.
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Approximately 95% of rain falls in the Darwin catchments during the wet-season months
(1 November to 30 April). The spatial distribution of rainfall during the wet and dry seasons is
shown in Figure 2-13. Median wet-season rainfall exhibits a very similar spatial pattern to median
annual rainfall, and while median dry-season rainfall exhibits a west–east gradient, no north–
south gradient is evident. The highest monthly rainfall totals typically occur during January,
February and March (Figure 2-14).
The lack of rainfall during the dry season is largely due to the predominance of dry continental
south-easterlies and the significant dry air aloft that inhibits shower and thunderstorm formation.
During the months where the climate is transitioning to the wet season (i.e. typically midSeptember to mid-December) strong sea breezes pump moist air inland, fuelling the steady
growth of shower and thunderstorm activity over a period of weeks to months. This can result in
highly variable rainfall during these months (Figure 2-14).
Tropical cyclones and tropical lows contribute a considerable proportion of total annual rainfall,
but the actual amount is highly variable from one year to the next (see companion technical report
on climate (Charles et al., 2016)), since tropical cyclones do not affect the Darwin catchments in
half of years. For the 47 tropical cyclone seasons from 1969–70 to 2015–16, 53% of seasons
experienced no tropical cyclones, 36% experienced one tropical cyclone, and 11% experienced
two. When a tropical cyclone or low crosses the catchments, typically 200 to 500 mm of rain falls
over a 2- to 5-day period, and daily rainfall totals can exceed 250 mm in coastal areas.

Figure 2-12 Rainfall during the wet season in the Darwin catchments
Photo: Shutterstock
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Figure 2-13 Historical rainfall, potential evaporation and rainfall deficit
Median (a) annual, (b) wet-season and (c) dry-season rainfall. Median (d) annual, (e) wet-season and (f) dry-season
potential evaporation, and median (g) annual, (h) wet-season and (i) dry-season rainfall deficit in the Darwin
catchments. Rainfall deficit is rainfall minus potential evaporation.

2.4.3

POTENTIAL EVAPORATION AND POTENTIAL EVAPOTRANSPIRATION

Evaporation is the process by which water is lost from open water, plants and soils to the
atmosphere; it is a ‘drying’ process. It has become common usage to also refer to this as
evapotranspiration.
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There are three major ways in which evaporation affects the potential for irrigation:
1. losses that reduce runoff and deep drainage and, hence, the ability to fill water storages
(Section 2.5)
2. influence on crop water requirements (Section 4.5)
3. losses from water storages (Section 5.3).
Potential evaporation (PE) or potential evapotranspiration (PET) is defined as the amount of
evaporation that would occur if an unlimited source of water was available. The Darwin
catchments have a mean annual PE of 1917 mm (1965 to 2015) and it is relatively spatially uniform
across the study area (Figure 2-13).
Preliminary estimates of mean annual irrigation demand and net evaporation from water storages
are sometimes calculated by subtracting the mean annual (seasonal) PE from the mean annual
(seasonal) rainfall. This is commonly referred to as the mean annual (seasonal) rainfall deficit
(Figure 2-13). The rainfall deficit or mean annual net evaporative water loss from potential open
storages at Wildman Station in the Darwin catchments is about 220 mm.
Two common methods for characterising climates are the United Nations Environment Program
(UNEP) aridity index and the Köppen-Geiger classification (Köppen, 1936; Peel et al., 2007). The
aridity index classifies the Darwin catchments as ‘Humid’ and the Köppen-Geiger classification
classifies them as ‘Tropical monsoon’ (see companion technical report on climate (Charles et al.,
2016)).

2.4.4

VARIABILITY AND LONG-TERM TRENDS IN RAINFALL AND POTENTIAL
EVAPORATION

Climate variability is a natural phenomenon that can be observed in many ways, for example,
warmer than average winters, low and high rainfall wet seasons. Climate variability can also
operate over long-term cycles of decades or more. Climate trends represent long-term, consistent
directional changes such as warming or increasingly higher average rainfall. Separating climate
variability from climate change is very difficult, especially when comparing climate on a year-toyear basis.
In the Darwin catchments 95% of rain falls during the wet season (November to April). The highest
monthly rainfall in the Darwin catchments typically occurs during January and February
(Figure 2-14). The months with the lowest rainfall are June through to September. In Figure 2-14,
the blue shading represents the range under Scenario A (A range). The upper limit of the A range is
the value at which rainfall (or PE) is exceeded 1 year in 5 and is known as the 20% exceedance. The
lower limit of the A range is the value at which rainfall (or PE) is exceeded 4 years in 5 and is
known as the 80% exceedance. The difference between the upper and lower limits of the A range
indicates the variation in monthly values from one year to the next.
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Figure 2-14 Monthly rainfall in the Darwin catchments at Darwin and Wildman station under Scenario A
(a) Monthly rainfall at Darwin and (b) monthly rainfall at Wildman station. Scenario A is the historical climate (1890 to
2015). A range is the 20th and 80th percentile monthly rainfall.

PE also exhibits a seasonal pattern. During the month of October mean PE is about
200 mm/month (Figure 2-15). It is at its lowest during June (130 mm/month). Months where PE is
high correspond to those months where the demand for water by plants is also high. Mean wetseason and dry-season PE in the Darwin catchments are shown in Figure 2-13. Compared to
rainfall, the variation in monthly PE from one year to the next is small (Figure 2-15).
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Figure 2-15 Monthly potential evaporation in the Darwin catchments at Darwin and Wildman station under
Scenario A
(a) Monthly potential evaporation at Darwin and (b) monthly potential evaporation at Wildman station. Scenario A is
the historical climate (1890 to 2015). A range is the 20th and 80th exceedance monthly potential evaporation.

Relative to other catchments in southern and northern Australia the Darwin catchments have a
low variability in rainfall from one year to the next. Nevertheless, under Scenario A, rainfall for the
Darwin catchments still exhibits considerable variation from one year to the next (Figure 2-16).
The highest annual rainfall at Wildman station (2244 mm) occurred in the 2010–11 wet season,
which was three times the lowest annual rainfall (701 mm in 1905–06) and 60% higher than the
median annual rainfall value (i.e. 1393 mm). The 10-year running mean provides an indication of
the sequences of wet or dry years (i.e. variability at decadal time scales). For an annual time series,
the 10-year running mean is the average of the 5 years of data either side of every annual data
point. The 10-year running mean varied from 1202 to 1784 mm. Under Scenario A, PE exhibits
much less inter-annual variability than rainfall (not shown, see companion technical report on
climate (Charles et al., 2016)).
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Figure 2-16 Annual rainfall at Darwin and Wildman station under Scenario A
(a) Monthly rainfall at Darwin and (b) monthly rainfall at Wildman station. Scenario A is the historical climate (1890 to
2015). The blue line represents the 10-year running mean.

The coefficient of variation (CV) provides a measure of the variability of rainfall from one year to
the next, where the larger the CV value, the larger the variation in annual rainfall relative to a
location’s mean annual rainfall – it is calculated as the standard deviation of mean annual rainfall
divided by the mean annual rainfall. In Figure 2-17, the CV of annual rainfall is shown for rainfall
stations with a long-term record around Australia. This figure shows that the inter-annual variation
in rainfall in the Darwin catchments is among the lowest in northern Australia and is comparable
to the least variable stations in southern Australia.
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Figure 2-17 (a) Coefficient of variation of annual rainfall and (b) the coefficient of variation of annual rainfall plotted
against mean annual rainfall for 96 rainfall stations around Australia
(a) The grey polygons indicate the extent of the Darwin catchments. (b) Rainfall stations in the Darwin catchments are
indicated by black symbols. The light blue diamonds indicate rainfall stations from the rest of northern Australia
(RoNA) and hollow squares indicate rainfall stations from southern Australia (SA).

Furthermore, Petheram et al. (2008) observed that the inter-annual variability of rainfall in
northern Australia is about 30% higher than that observed at rainfall stations from the rest of the
world for the same type of climate as northern Australia. Hence, caution should be exercised
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before drawing comparisons between the agricultural potential of the Darwin catchments and
other parts of the world with a similar climate.
There are several factors driving this high inter-annual variation in Australia’s climate, including
the El Niño – Southern Oscillation (ENSO), the Indian Ocean Dipole, the Southern Annular Mode,
the Madden–Julian Oscillation and the Inter-decadal Pacific Oscillation.
Of these influences, the ENSO is a phenomenon that is considered to be the primary source of
global climate variability over the 2- to 6-year timescale (Rasmusson and Arkin, 1993) and is
reported as being a significant cause of climate variability for much of eastern and northern
Australia. One of the modes of ENSO, El Niño, has come to be a term synonymous with drought in
the western Pacific and eastern and northern Australia. Rainfall stations along eastern and
northern Australia have been observed to have a strong correlation (0.5 to 0.6) with the Southern
Oscillation Index (SOI), a measure of the strength of ENSO, during spring suggesting that ENSO
plays a key role in between-year rainfall variability (McBride and Nicholls, 1983).
Another known impact of ENSO in northern Australia is the tendency for the onset of useful rains
after the dry season to be earlier than normal in La Niña years and later than normal in El Niño
years. For all years between 1960 and 2009 the mean rainfall onset date (defined as being the
accumulation of 50 mm of rain after the dry season) for the Darwin catchments is the first 10 days
of October (see companion technical report on climate (Charles et al., 2016)). In SOI neutral,
negative (El Niño) and positive (La Niña) years, the mean rainfall onset dates for the Darwin
catchments are the start of October, mid-to-late November, and late September/early October,
respectively.
Trends
An analysis undertaken as part of the Assessment found an increasing trend in rainfall at Darwin
Airport and Oenpelli, approximately 200 km west of Darwin (see companion technical report on
climate (Charles et al., 2016)). Previously, CSIRO (2009) found that rainfall between 1997 and 2007
was statistically different to that between 1930 and 1997. In other work, Evans et al. (2014) found
a strong relationship between monsoon active periods and the Madden–Julian Oscillation, and
that the increasing rainfall trend observed at Darwin Airport was related to increased frequency of
active monsoon days rather than increased intensity during active periods. They concluded
periods of moderate active monsoon have been increasing in frequency at the expense of the
weakest periods of the monsoon.
Runs of wet and dry years
The rainfall generating systems in northern Australia and their modes of variability combine to
produce irregular runs of wet and dry years. In particular, length and magnitude (intensity) of dry
spells strongly influence the scale, profitability and risk of water resource related investments. The
Darwin catchments are likely to experience dry periods of similar severity to many centres in the
Murray–Darling Basin and east coast of Australia.
The Darwin catchments are characterised by irregular periods of consistently low rainfall when
successive wet seasons fail, as well as the typical annual dry season. Runs of wet and dry years
occur when consecutive years of rainfall occur that are above or below the median, respectively.
These are shown in Figure 2-18 at Darwin and Wildman station as annual differences from the
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median rainfall. A run of consistently dry years may be associated with drought (though an agreed
definition of drought continues to be elusive). Analysis of annual rainfall at stations in the Darwin
catchments indicate equally long runs of wet and dry years and nothing unusual about the length
of the runs of dry years.
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Figure 2-18 Runs of wet and dry years at Darwin and Wildman station under Scenario A
Wet years are shown by the blue columns and dry years by the red columns. Scenario A is the historical climate (1890
to 2015).

Palaeoclimate records for northern Australia
The instrument record is very short in a geological sense, particularly in northern Australia, so a
brief review of palaeoclimate data was provided. The literature indicates that atmospheric
patterns approximating the present climate conditions in northern Australia (e.g. Pacific
circulation responsible for ENSO) are thought to have been in place from about 3 to 2.5 million
years ago, which would suggest many ecosystems in northern Australia have experienced
monsoonal conditions for many millions of years. However, past climates have been both wetter
and drier than the instrument record for northern Australia, and the influence of ENSO has varied
considerably over recent geological time. Several authors have found that present low levels of
tropical cyclone activity (i.e. over the instrumental record) in northern Australia are possibly
unprecedented over the past 550 to 1500 years and that the recurrence frequencies of high
intensity tropical cyclones (Category 4 to 5 events) may have been an order of magnitude higher
than that inferred from the current short instrumental records. See the companion technical
report on climate (Charles et al., 2016) for more information.
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2.4.5

CHANGES IN RAINFALL AND EVAPORATION UNDER A FUTURE CLIMATE

The effects of projected climate change on rainfall and PE are presented in Figure 2-19, Figure 2-20
and Figure 2-21. This analysis used 21 GCMs to represent a world where the global mean surface
air temperatures are 2.2 °C higher relative to approximately 1990 global temperatures. Because
the scale of GCM outputs is too coarse for use in catchment and point-scale hydrological and
agricultural computer models, they were transformed to catchment-scale variables using a simple
scaling technique (PS) and referred to as GCM-PSs. See the companion technical report on climate
(Charles et al., 2016) for further details.
In Figure 2-19 the rainfall and PE projections of the 21 GCM-PSs are spatially averaged across the
Darwin catchments and the GCM-PSs are ranked in order of increasing mean annual rainfall. This
figure shows that about one-quarter of the projections for GCM-PSs indicate an increase in mean
annual rainfall, about one-quarter of the projections indicate a decrease in mean annual rainfall
and about half of the projections indicate no change in future mean annual rainfall under a 2.2 °C
warming scenario. Hence, it can be argued that, based on the selected 21 GCM-PSs, the consensus
result is that mean annual rainfall in the Darwin catchments is not likely to change under
Scenario C.
The spatial distribution of mean annual rainfall under Scenario C is shown in Figure 2-20. In this
figure only the third ‘wettest’ GCM-PS (i.e. Scenario Cwet), the middle or 11th wettest GCM-PS
(i.e. Scenario Cmid), and the third ‘driest’ (i.e. Scenario Cdry) GCM-PS are shown.
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Figure 2-21a shows mean monthly rainfall under scenarios A and C. The data suggest that under
Scenario Cmid, mean monthly rainfall will be similar to the mean monthly rainfall under Scenario
A. Under scenarios Cwet, Cmid and Cdry the seasonality of rainfall in northern Australia is similar
to that under Scenario A.

potential evaporation

Figure 2-19 Percentage change in mean annual rainfall and potential evaporation under Scenario C relative to under
Scenario A
Simple scaling of rainfall and potential evaporation have been applied to global climate model output (GCM-PS).
GCM-PSs are ranked by increasing rainfall.
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Figure 2-20 Spatial distribution of mean annual rainfall across the Darwin catchments under scenarios Cwet, Cmid
and Cdry
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Figure 2-21 Monthly rainfall and potential evaporation for the Darwin catchments under scenarios A and C
(a) Monthly rainfall and (b) monthly potential evaporation. C range is based on the computation of the 10th and 90th
percentile monthly values separately – the lower and upper limits in C range are therefore not the same as scenarios
Cdry and Cwet.

Potential evaporation
The mean annual change in GCM-PS PE show projected PE increases of about 3 to 9%
(Figure 2-19). Under scenarios Cwet, Cmid and Cdry, PE exhibits a similar seasonality to that under
Scenario A (Figure 2-21b). However, different methods of calculating PE give different results.
Consequently, there is considerable uncertainty on how PE may change under a warmer climate.
See Petheram et al. (2012) and Petheram and Yang (2013) for a more detailed discussion.
Sea-level rise and sea surface temperature projections
Global mean sea levels have risen at a rate of 1.7 ± 0.2 mm/year between 1900 and 2010, a rate in
the order of ten times faster than the preceding century. Australian tide gauge trends are similar
to the global trends (CSIRO and Bureau of Meteorology, 2015). Sea-level projections for the
Darwin catchments are summarised in Table 2-2. This information may be considered in coastal
aquaculture developments and flood inundation of coastal areas.
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Table 2-2 Projected sea-level rise for the coast of the Darwin catchments
Values are median of Coupled Model Intercomparison Project (CMIP) Phase 5 GCMs. Numbers in parentheses are the
5 to 95% range of same. Projected sea-level rise values are relative to a mean calculated between 1986 and 2005.
DATE (UNIT)

RCP 4.5

RCP 8.5

2030 (m)

0.12 (0.08–0.16)

0.12 (0.08–0.17)

2050 (m)

0.22 (0.14–0.30)

0.25 (0.17–0.33)

2070 (m)

0.33 (0.21–0.46)

0.41 (0.28–0.56)

2090 (m)

0.46 (0.28–0.64)

0.62 (0.41–0.85)

Rate of change at 2100 (mm/y)

6.1 (3.2–9.0)

11.1 (6.9–16.0)

RCP = Representative Concentration Pathway
Source: CoastAdapt (2017)

Sea surface temperature (SST) increases around Australia are projected with very high confidence
for all emissions scenarios, with warming of around 0.4 to 1.0 °C in 2030 under Representative
Concentration Pathway (RCP) 4.5 and 2 to 4 °C in 2090 under RCP 8.5, relative to a 1986 to 2005
baseline (CSIRO and Bureau of Meteorology, 2015). There will be regional differences in SST
warming due to local hydrodynamic responses, however, there is only medium confidence in
coastal projections as climate models do not resolve local processes (CSIRO and Bureau of
Meteorology, 2015). For Darwin, the corresponding projected SST increases are 0.8 °C (range
across climate models is 0.6 to 1.1 °C) for 2030 and 3.0 °C (2.5 to 3.9 °C) for 2090. These changes
are relative to a 1986 to 2005 baseline (CSIRO and Bureau of Meteorology, 2015).

2.4.6

ESTABLISHMENT OF AN APPROPRIATE HYDROCLIMATE BASELINE

The allocation of water and the design and planning of water resources infrastructure and systems
require great care and consideration and need to take a genuine long-term view. A hydroclimate
baseline from 1890 to 2015 (i.e. current) was deemed the most suitable baseline for the
Assessment.
A poorly considered design can result in an unsustainable system or preclude the development of
a more suitable and possibly larger system, thus adversely impacting existing and future users,
industries and the environment. Once water is overallocated it is economically, financially, socially
and politically difficult to reduce allocations in the future, unless water allocations are only
assigned over short time frames (e.g. <15 years) and then reassessed. However, many water
resource investments, particularly agricultural investments, require time frames longer than
30 years as there are often large initial infrastructure costs and a long learning period before full
production potential is realised. Consequently, investors require certainty that over their
investment time frame (and potentially beyond), their access to water will remain at the level of
reliability initially allocated. A key consideration in the development of a water resource plan, or in
the assessment of the water resources of a catchment, is the time period over which the water
resources will be analysed, also referred to as the hydroclimate ‘baseline’ (e.g. Chiew et al., 2009).
If the hydroclimate baseline is too short it can introduce biases in a water resource assessment, for
various reasons. Firstly, the transformation of rainfall to runoff and rainfall to groundwater
recharge is non-linear. For example, averaged across the Flinders catchment in northern Australia
the mean annual rainfall is only 8% higher than the median annual rainfall, yet the mean annual
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runoff is 59% higher than the median annual runoff (Lerat et al., 2013). Similarly, between 1895
and 1945 the median annual rainfall was the same as the median annual rainfall between 1948
and 1987 (less than 0.5% difference), yet there was a 21% difference in the median annual runoff
between these two time periods (and a 40% difference in the mean annual runoff) (Lerat et al.,
2013). Consequently, great care is required if using rainfall data alone to justify the use of short
periods over which to analyse the water resources of a catchment.
In developing a water resource plan the volume of water allocated for consumptive purposes is
usually constrained by the drier years (referred to as spells where consecutive dry years occur) in
the historical record (see Section 2.4.4). This is because it is usually during dry spells that water
extraction most adversely impacts on existing industries and the environment. All other factors
being equal (e.g. market demand, interest rates), consecutive dry years are usually also the most
limiting time periods for new water resource developments/investments, such as irrigated
agriculture enterprises, particularly if the dry spells coincide with the start of an investment cycle.
Consequently, it is important to ensure a representative range of dry spells (i.e. of different
durations, magnitudes and sequencing) are captured over the assessment time period. For
example, it is possible that two time periods may have very similar median annual runoffs, but the
duration, magnitude and sequencing of the dry spells may be sufficiently different that they pose
different risks to investors and result in different modelled ecological outcomes.
In those instances where there is the potential for a long memory, such as in intermediate- and
regional-scale groundwater systems or in river systems with large reservoirs, long periods of
record are preferable to minimise the influence of initial starting conditions (e.g. assumptions
regarding initial reservoir storage volume), to properly assess the reliability of water supply from
large storages and to encapsulate the range of likely conditions (McMahon and Adeloye, 2005).
All these arguments favour using as long a time period as practically possible. However, there may
be some circumstances in which a shorter period may be preferable on the basis that it is a more
conservative option. For example, in south-western Australia, water resource assessments to
support water resource planning are typically assessed from 1975 onwards (Chiew et al., 2012;
McFarlane et al., 2012). This is because since the mid-1970s there has been a marked reduction in
runoff in south-western Australia, and this declining trend in rainfall is consistent with the majority
of GCM projections, which project reductions of rainfall into the future (Charles et al., 2010).
Although there were few rainfall stations in the three study areas at the turn of the 20th century
relative to 2016 (Charles et al., 2016), an exploratory analysis of rainfall statistics of the early
period of instrument record does not appear to be anomalous when compared to the longer term
instrument record.
In deciding upon an appropriate time period over which to analyse the water resources of the
Darwin catchments, consideration was given to the above arguments, as well as palaeoclimate
records, observed trends in the historical instrumental rainfall data and future climate projections.
For the Darwin catchments, although there is evidence of an increasing trend in rainfall in the
recent instrumental record, 60% of the GCM-PSs project no change in mean annual rainfall for a
2.2 °C warming scenario. Furthermore, palaeoclimate records indicate multiple wetter and drier
periods have occurred in the recent geological past (see companion technical report on climate
(Charles et al., 2016)). For these reasons the entire instrument record (i.e. 1890 to 2015), available
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through the data drill Scientific Information for Land Owners (SILO) database (Jeffery et al., 2001),
was adopted as the baseline for the Assessment.
It should be noted, however, that as climate is changing on a variety of time scales, detailed
scenario modelling and planning (i.e. the design of major water infrastructure) should be broader
than just comparing a single hydroclimate baseline to an alternative future.

2.5

Hydrology of the Darwin catchments

2.5.1

INTRODUCTION

The timing and event-driven nature of rainfall events and high PE rates across the Darwin
catchments have important consequences for the catchments’ hydrology. The spatial and
temporal patterns of rainfall and PE across the Darwin catchments are discussed in Section 2.4.
Rainfall can be broadly broken into evaporated and non-evaporated components (also referred to
as ‘excess water’). The non-evaporated component can be broadly broken into overland flow and
recharge (Figure 2-22). Recharge replenishes groundwater systems, which in turn discharge into
rivers and the ocean. Overland flow and groundwater discharge into rivers combine to become
streamflow. Streamflow in the Assessment is defined as a volume per unit of time. Runoff is
defined as the millimetre depth equivalent of streamflow. Flooding is a phenomenon that occurs
when the flow in a river exceeds the river channel’s capacity to carry the water resulting in water
spilling onto the land adjacent to the river.
Section 2.5 covers the remaining terms of the terrestrial water balance (accounting for water
inputs and outputs) of the Darwin catchments, with particular reference to those processes and
terms that are relevant to irrigation at the catchment scale. Information is firstly provided on
groundwater, groundwater recharge and surface water – groundwater connectivity. Runoff,
streamflow, flooding and persistent waterholes in the Darwin catchments are then discussed.
Figure 2-22 shows a schematic diagram of the water balance of the Darwin catchments, along with
estimates of the mean annual value spatially averaged across the catchment and an estimate of
the uncertainty for each term. The ‘water balance’ comprises all the water inflows and outflows to
and from a particular catchment over a given time period.
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Figure 2-22 Schematic diagram of terrestrial water balance in the Darwin catchments
Runoff is the mm depth equivalent of streamflow. Overland flow includes shallow subsurface flow. Numbers indicate
mean annual values spatially averaged across the catchment under Scenario A. Numbers will vary locally.

2.5.2

GROUNDWATER

Within the Darwin catchments the distribution, availability and quality of groundwater resources
are heavily influenced by the physical characteristics of rocks of the major geological units (see
Section 2.2). In general, several aquifer (rocks and sediments in the subsurface that store and
transmit groundwater) types exist:
• fractured rock
• sedimentary dolostones, limestones and sandstones
• surficial sediments that predominantly include alluvium, laterite and regolith.
The sedimentary aquifers of the Pine Creek Orogen – in particular, the Woodcutters Supergroup –
host intermediate-scale groundwater systems. That is, the distance between the recharge (inflow
of water through the soil, past the root zone and into an aquifer) and discharge (outflow of water
from an aquifer into a water body or evaporated from the soil or vegetation) areas can be a few
kilometres to tens of kilometres, and the time taken for groundwater to discharge following
recharge can be in the order of hundreds of years to thousands of years. The fractured rock
aquifers of the Pine Creek Orogen and the surficial aquifers of the Money Shoal Basin host localscale groundwater systems (Figure 2-23). That is, the distance between the recharge and discharge
areas is in the order of 1 to 10 km. The surficial aquifer systems in the Darwin catchments are
poorly characterised and are not well understood.
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Figure 2-23 Spatial extent of six key hydrogeological units in the Darwin catchments
This does not represent outcropping areas of hydrogeological units; the blanket of surficial sediments has been
removed to highlight the spatial extent of various units in the subsurface.
Spring and sinkhole data sourced from DENR (2016a).

Hydrogeological units
Hydrogeological units of the Darwin catchments are shown in (Figure 2-23). These rock and
sediment formations host aquifers of various sizes. Major aquifer systems in the Darwin
catchments are found in the geological Pine Creek Orogen and primarily include the Proterozoic
dolostones and to a lesser extent the Daly Basin limestone and the Bonaparte Basin sandstone. For
the Assessment, major aquifer systems are considered to be aquifers that contain intermediatescale groundwater systems, with adequate storage volumes (i.e. gigalitres) that could potentially
yield water at a sufficient rate (i.e. >10 L/second) and sufficient water quality (i.e. <1000 mg/L) for
irrigated cropping. Minor aquifers are considered to be aquifers that contain local-scale
groundwater systems with lower storage (i.e. megalitres), with variable but often low yields
(i.e. <5 L/second) and variable but often poor-quality water (i.e. >1000 mg/L). The distribution and
characteristics of these rocks is covered in Section 2.2.
Unless otherwise stated, the material in Section 2.5.2 is based on findings described in the
companion technical report on hydrogeological characterisation (Turnadge et al., 2018). Only the
major aquifers relevant to opportunities for future groundwater resource development are
discussed in detail.
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Fractured rock aquifers

The Proterozoic rocks including granite (Figure 2-23) occur over approximately 80% of the Darwin
catchments and host fractured rock aquifer systems that supply small quantities of groundwater
for stock and domestic use. These aquifers are highly variable in composition and host local-scale
flow systems, with most groundwater storage and flow resulting from the size and connectivity of
secondary porosity features such as joints, fractures or faults. Individual bore (hole in the ground
for extracting groundwater) yields are often low (Figure 2-24), ranging from 0.5 to 2 L/second, and
water quality is variable but of low salinity (i.e. <1000 mg/L). Recharge occurs as infiltration of
rainfall and some streamflow (where rivers traverse these formations) through the soil to vertical
fractures and joints. The main discharge mechanisms are from bores extracting groundwater for
stock and domestic use and from evaporation (through the soil or plants) from shallow
watertables (the start of the saturated zone of an aquifer).

Figure 2-24 Groundwater bore yields for different aquifers in the Darwin catchments
Bore yield data sourced from DENR (2016a).

Dolostone aquifers

The Proterozoic age dolostones are associated with the oldest rocks overlying parts of the Pine
Creek Orogen, the Woodcutters Supergroup (Figure 2-23). These dolostones host the major
aquifers of the Darwin catchments and primarily occur in the north of the Adelaide catchment but
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also extend slightly west to the north-east of the Finniss catchment and much further to the east
into the Mary and Wildman catchments (Figure 2-23). The most significant aquifer is the regionally
extensive Koolpinyah Dolostone aquifer that extends from Gunn Point in the north to Humpty Doo
in the south. It is also known as the Howard Groundwater System, the main water resource in the
Howard Water Allocation Plan Area and the Darwin Rural Water Control District (DRWCD). This
aquifer system is complex, comprising three interconnected aquifers: a young surficial laterite
aquifer, overlying a claystone to sandy claystone and sandstone Mesozoic age aquifer, overlying
the much older Proterozoic dolostone aquifer. The aquifer system is well characterised from
drilling, geophysics and groundwater monitoring, as groundwater resources of the intermediatescale flow systems have been extensively developed for the purpose of:
• use in irrigated agriculture and horticulture
• use as domestic water supplies for households
• use as a supplementary public water supply for Darwin.
Current groundwater use was estimated in 2012 to be 25 GL/year with the purpose for water use
split equally between irrigation and domestic water supplies for both rural households and Darwin
(Marsden Jacob Associates, 2012a). The Proterozoic dolostone also occurs at Berry Springs where
a karstic aquifer similar in characteristics to the Koolpinyah Dolostone but of much smaller extent
occurs. Groundwater resources from the aquifer have also been extensively developed for use in
irrigated agriculture and horticulture, as well as for domestic water supplies for rural households.
Groundwater use from the dolostone aquifer at Berry Springs was estimated in 2012 to be
approximately 5 GL/year, with demand for water split mostly for the purpose of irrigated
agriculture and horticulture (Marsden Jacob Associates, 2012b). The characteristics of the
dolostone aquifer in the east in the Mary and Wildman catchments is currently less well known.
For more information on current groundwater use see Section 3.3.
The interconnected Koolpinyah Dolostone aquifer is a complex aquifer system because:
• The aquifer is compartmentalised in places by dolerite dykes associated with faulting (sheets of
rock that cut vertically through the dolostone) that impede lateral groundwater flow and
therefore reduce the scale of the flow system.
• The variability in karstic features (the formation of holes and caverns from the dissolving of
soluble rocks) affects permeabilities (the ability of a porous rock, sediment or soil to transmit
water) and bore yields.
• The aquifer is confined (sealed by overlying claystone so that water cannot infiltrate from the
land surface into the aquifer) in the north and semi-confined (water can infiltrate from the land
surface into the aquifer) in the south, which influences spatial variability in recharge to the
aquifer.
• The aquifer discharges (outflow of water from an aquifer into a water body or evaporated from
the soil or vegetation) via a combination of discharge to streams, spring discharge, transpiration
from spring-fed vegetation, extraction of groundwater and submarine groundwater discharge
(outflow of groundwater to the ocean) (Fell-Smith and Sumner, 2011).
Groundwater flow in the aquifer system is complex due to the compartmentalisation of the
aquifer, as well as spatial variability in seasonal recharge and groundwater extraction. The
productive (high-yielding) part of the dolostone aquifer occurs in the upper (top 10 to 20 m)
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weathered, fractured and karstic zone, above the unweathered (solid) dolostone (Figure 2-25).
Bore yields are variable given the complex nature of the karstic aquifer, but yields can be up to
60 L/second, with higher yields more prominent in the south (Figure 2-24), and groundwater
quality is generally fresh (>500 mg/L) (Figure 2-26). Given the complexities of this high-yielding
aquifer, groundwater storage is also highly variable and is reliant on seasonal recharge from
intense wet-season rainfall. When poor wet seasons occur (particularly in succession), storage in
the aquifer system becomes depleted in places during the dry season (or a prolonged dry season)
and bores can run dry (DENR, 2018). For this reason, the aquifer system requires careful
management and future opportunities for groundwater resource development may be limited.
Furthermore, opportunities for managed aquifer recharge to keep storage in parts of the aquifer
at higher levels throughout the dry season have been evaluated as part of the Assessment (Section
5.2).

Figure 2-25 Two-dimensional conceptual schematic of the interconnected aquifer system and its variability
Bore yields vary depending on where a bore is drilled and at what depth.
Adapted from DENR (2016b).

Limestone and siltstone aquifers

A small section of the Cambrian age Daly Basin extends into the southern parts of the Finniss and
Adelaide catchments just south of the Reynolds River. Two hydrogeological formations, the Tindall
Limestone and Jinduckin Formation, are present but their spatial extents are not yet well defined.
The Tindall Limestone is predominantly limestone, while the Jinduckin Formation is siltstone with
some limestone. Aquifers of both formations are fractured and karstic in nature and host
intermediate- to local-scale flow systems, though they are poorly characterised. Groundwater use
from the aquifers is currently only for stock purposes, with bore yields ranging up to 25 L/second
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(Figure 2-24), and water quality is fresh (<500 mg/L) (Figure 2-26). These aquifers may offer some
potential for future groundwater resource development; however, further investigation is
required to understand the scale of opportunity as well as potential constraints.

Figure 2-26 Groundwater salinity for different aquifers in the Darwin catchments
EC = electrical conductivity; TDS = total dissolved solids.
Salinity data sourced from DENR (2016a).

Sandstone aquifers

Sandstone aquifers are mainly located in the north-eastern and north-western parts of the Mary
and Wildman catchments, respectively, occurring as Mesozoic to Cenozoic age sandstone (Figure
2-23). A small component of the Bonaparte Basin occurs on the south-western edge of the Finniss
catchment and contains Permian age sandstone. Aquifers in the northern Mary and Wildman
catchments offer the greatest opportunity for future groundwater resource development in the
Darwin catchments. The catchments contain a sand aquifer that is interconnected at depth with
an underlying karstic dolostone aquifer (Koolpinyah Dolostone). The sand aquifer ranges in
thickness by up to 15 m and occurs as north-east striking palaeochannels (an inactive river or
stream channel that has been filled or buried by younger sediment) (Tickell and Zaar, 2017)
overlain by mostly younger clayey sediments. The aquifer can be intersected by drilling at depths
ranging between 50 and 100 m and the depth to watertable (the start of the saturated zone of an
aquifer) ranges between 5 and 10 m below the land surface. Bore yields range up to 60 L/second
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and water quality is fresh (<500 mg/L) (Figure 2-26). Recharge to the aquifer system occurs as
some infiltration of intense wet-season rainfall through the overlying clay sediments, but mostly as
preferential infiltration from rainfall through dolines (funnel-shaped depression caused by
dissolving of the dolostone). Groundwater flow is generally towards the coast and discharge is
mostly occurring via small springs, stream discharge and shallow watertable evaporation.
A small component of the Bonaparte Basin occurs in a north–south strip on the south-western
edge of the Finniss catchment. It contains Permian age sandstone that hosts an aquifer that
predominantly consists of fractured and weathered sandstone. The aquifer hosts local- to
intermediate-scale flow systems, though they are poorly characterised. Bore yields range up to
10 L/second (Figure 2-24); however, the aquifer is largely untested. Current groundwater use is for
stock and domestic purposes, but it was formerly used for local irrigation. The limited spatial
extent of the aquifer constrains its potential for future groundwater resource development other
than as a localised or conjunctive water resource.
Surficial aquifers

Surficial sediments including Tertiary to Quaternary alluvium, laterite and regolith occur
predominantly in the northern parts of the Darwin catchments, as well as the western part of the
Finniss catchment. Aquifers within these sediments are associated with the numerous rivers,
tributaries and their floodplains, as well as laterite sediments. The alluvial aquifers mainly
comprise sodic clay, have very low permeability and do not host suitable aquifers for groundwater
use. The lateritic aquifers have low storage but high permeability and therefore act as throughflow
to recharge underlying aquifers (Fell-Smith and Sumner, 2011). These aquifers offer little potential
for future groundwater resource development.

2.5.3

GROUNDWATER RECHARGE

Groundwater recharge is an important component of the water balance of an aquifer (i.e. the sum
of the inflow and outflow components of an aquifer). It can inform how much an aquifer is
replenished on an annual basis and therefore how sustainable a groundwater resource may be in
the long term, particularly for aquifers with either low storage or that discharge to rivers, streams,
lakes and the ocean, or via transpiration from groundwater-dependent vegetation. Recharge is
influenced to varying degrees by many factors including spatial changes in soil type (and their
physical properties), the amount of rainfall and evaporation, vegetation type (and transpiration),
topography and depth to the watertable. Recharge can also be influenced by changes in land use,
such as land clearing and irrigation. Directly measuring recharge can be very difficult as it usually
represents only a small component of the water balance, can be highly variable spatially and
temporally, and it can vary depending on the type of measurement or estimate technique used
(Petheram et al., 2002).
In the Assessment several independent approaches were used to estimate annual recharge for all
aquifers in the Darwin catchments. Figure 2-27 provides an example of the recharge estimates.
For more detail on how these estimates were derived, see the companion technical report on
hydrogeological characterisation (Turnadge et al., 2018).
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Figure 2-27 Annual recharge estimates for the Darwin catchments
Estimates based on up-scaled chloride mass balance (CMB) method for the (a) 50th (b) 5th and (c) 95th percentiles.

Figure 2-28 provides a summary of the range in recharge estimates related to the area of six key
hydrogeological units in the Darwin catchments. The range in recharge estimates are based on the
5th and 95th percentiles and range from approximately:
• 80 to 170 mm/year for the Mesozoic to Cenozoic sandstone
• 90 to 190 mm/year for the Cambrian to Ordovician Daly Basin limestone and siltstone
• 140 to 330 mm/year for the Cambrian to Cenozoic Bonaparte Basin sandstone
• 65 to 210 mm/year for the Proterozoic rocks and granite
• 120 to 290 mm/year for the Proterozoic dolostone.
The estimates of groundwater recharge in the Assessment represent the spatial variability in
recharge across the land surface and are a good starting point for estimating a water balance
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Mean annual recharge (mm/y)

arithmetically or using a groundwater model. However, none of the methods account for aquifer
storage (available space in the aquifer) so it is unclear whether the aquifers can accept these rates
of recharge on an annual basis. The methods also do not account for potential preferential
recharge from streamflow or overbank flooding, or through karst features, such as dolines and
sinkholes that occur across the Darwin catchments. Therefore, the key features of an aquifer must
be carefully conceptualised before simply deriving a recharge volume based on the surface area of
an aquifer outcrop and an estimated recharge rate.
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Figure 2-28 Summary of recharge statistics to areas of key hydrogeological units
Error bars represent the standard deviation from the mean. CMB is the chloride mass balance method.

2.5.4

SURFACE WATER – GROUNDWATER CONNECTIVITY

As discussed in Section 2.5.2, groundwater discharge to surface water features occurs from a
variety of aquifers across the Darwin catchments. In the DRWCD, groundwater discharge occurs as
diffuse discharge to some streams, as localised discharge via springs, and as submarine
groundwater discharge to the ocean. Diffuse discharge in the north of the DRWCD occurs from a
combination of sources including the shallow lateritic aquifer, the intermediate sandstone aquifer
and the deeper dolostone aquifer, which are all interconnected. The source of early dry-season
discharge is from the shallow to intermediate aquifers, but as groundwater levels recede during
the dry-season, it is primarily from the dolostone aquifers. Diffuse discharge provides dry-season
baseflow to reaches of the Howard River, Hollands Creek and Melacca Creek (Fell-Smith and
Sumner, 2011; SKM, 2012) though these are currently poorly mapped. Discharge to surface water
in the south of the DRWCD occurs from the dolostone aquifer at Berry Springs. Here an array of
springs including Berry Springs, Parsons Springs and Twin Springs, provide localised discharge to
Berry Creek (Williams, 2009). Outside of the DRWCD, diffuse discharge is known to occur from the
shallow sandstone and deep dolostone aquifers in the Wildman catchment providing baseflow to
tributaries of the Mary River including Opium Creek and Jimmies Creek (Tickell and Zaar, 2017).
Spring discharge in both the DRWCD and the Wildman catchment support ecologically significant
groundwater dependant ecosystems (GDEs) including spring-fed monsoon Vine Forest (MVF)
(Figure 2-29). Key spring-fed MVF patches in the DRWCD include Howards Springs, Bankers Jungle,
Black Jungle and Whitewood Swamps (Fell-Smith and Sumner, 2011). In the Wildman catchment,
they include patches at Brians Creek Spring, Jimmies Creek Spring and Opium Creek Spring (Tickell
and Zaar, 2017). Submarine groundwater discharge is likely to occur from throughflow in the
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dolostone aquifer along the northern most boundary at the coast in the DRWCD, though this
process is poorly characterised.

Figure 2-29 Spatial distribution of springs and monsoon vine forest patches across the Darwin catchments
Spring data sourced from DENR (2016a).
Monsoon vine forest data sourced from Russell-Smith (1991).

2.5.5

SURFACE WATER

Streamflow
Approximately 60% of Australia’s runoff is generated in northern Australia (Petheram et al., 2010,
2014). Unlike the large internally draining Murray–Darling Basin, however, northern Australia’s
runoff is distributed across many hundreds of smaller externally draining catchments (Figure 2-30).
Figure 2-30 shows the magnitude of median annual streamflow of major rivers across Australia,
prior to water resource development. To place the Darwin catchments in a broader context it is
useful to compare their size and the magnitude of their median annual streamflow to other river
systems across Australia.
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Figure 2-30 Modelled streamflow under natural conditions
Streamflow under natural conditions is indicative of median annual streamflow prior to European settlement (i.e.
without any large-scale water resource development/extractions) assuming the historical climate (i.e. 1890 to 2015).
Source: Petheram et al. (2017)

The Darwin catchments comprise four catchments: the Finniss (9488 km2), Adelaide (7462 km2),
Mary (8073 km2) and Wildman (4818 km2) (Figure 2-32). Each catchment features extensive flat,
tidally affected coastal plains that extend 20 to 60 km inland, typically lie at less than 10 mAHD
and are prone to seasonal flooding (Figure 2-31). The Finniss, Adelaide and Mary rivers extend up
to 100 km inland with their headwater catchments situated in low bedrock hills, reaching up to
350 mAHD in the south-western part of the Mary catchment. The Wildman catchment is the
narrowest of the four catchments; it does not extend as far inland and attains a maximum
elevation of about 100 mAHD.
The two major rivers in the study area are the north–south running Adelaide and Mary rivers.
Abandoned river courses are common across the coastal plains of both rivers. The tidal limit of the
Adelaide River is located at Marrakai Crossing, almost 100 km from the river mouth. In the Mary
catchment, barrages were constructed across the river in the 1980s to try and prevent the
incursion of saltwater. The current tidal influence extends to the Shady Camp barrage, except
during very high tides when seawater can occasionally overtop the barrage.
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The mean annual discharge from the Finniss, Adelaide, Mary and Wildman catchments is 4991,
2693, 2575 and 905 GL, respectively. In the Darwin catchments the annual distribution of runoff is
more even than other parts of northern Australia; consequently, the difference between the mean
and median annual flows is lower. The median annual discharge from the Finniss, Adelaide, Mary
and Wildman catchments is 4546, 2354, 2432 and 855 GL, respectively – approximately 90% of
their respective mean values. Although the Finniss catchment has the largest median annual
discharge of the four Darwin catchments, no large rivers are evident in Figure 2-30 because runoff
in the Finniss catchment is distributed across several dozens of small externally draining rivers.
Measuring streamflow in tidally affected streams is challenging. For this reason, the lowermost
streamflow gauging stations in the Finniss, Adelaide and Mary rivers are located a considerable
distance upstream of their outlets to the ocean (Figure 2-32). Gitchams Crossing (8150180) on the
Finniss River is located approximately 73 km inland from the outlet to the ocean, Dirty Lagoon
(8170020) on the Adelaide River is approximately 125 km upstream of the river mouth (though
flows less than 144 m3/second are still tidally affected at this gauge) and Mount Bundy (Gauge
8180035) on the Mary River is approximately 97 km upstream of the outlet to the ocean. The
Wildman River has no current or discontinued streamflow gauging station. Collectively the
lowermost streamflow gauging stations in the Finniss, Adelaide and Mary rivers capture about
60% of the area of these rivers or 37% of the entire study area.

Figure 2-31 Mary River floodplain
Photo: Shutterstock
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Figure 2-32 Streamflow observation data availability in the Darwin catchments

Table 2-3 provides a key summary of metrics for all gauging stations in the Darwin catchments.
The difference between the mean and median is less pronounced in the Darwin catchments than
other parts of northern Australia.
The cease-to-flow column in Table 2-3 indicates the percentage of time that no streamflow was
observed at each location of the streamflow gauging stations in the Darwin catchments. Gauges in
the upper Mary River have the longest periods of no flow. These gauging stations coincide with
the driest part of the Darwin catchments (Figure 2-13a). About 90% of streamflow gauging stations
in the Darwin catchments have a baseflow index between 0.15 and 0.25. Smaller baseflow index
values are indicative of rivers that rise and fall relatively quickly. In these river reaches the time
over which water can be extracted is limited and a large water pumping capacity may be required
to maximise the reliability of extracting a full allocation of water. This is discussed in more detail in
Section 5.3 and in the companion technical report on river model simulation (Hughes et al., 2018).
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Table 2-3 Streamflow metrics at gauging stations in the Darwin catchments under Scenario A
Annual streamflow data are calculated under Scenario A. These data are shown schematically in Figure 2-33 and
Figure 2-35. 20th, 50th and 80th refer to the 20%, 50% and 80% exceedance, respectively. Cease-to-flow determined
using observed data, where streamflow less than 0.1 ML/day was assumed to be equal to zero. Baseflow index was
calculated using observed data and the Lyne and Hollick method (1979) (using alpha value equal to 0.925).
STATION
ID

STATION NAME

CATCHMENT
AREA

ANNUAL STREAMFLOW

(km2)

(GL)

Maximum
8150010

Peel Creek upstream of
Spencer Road

8150097

East Finniss River at
Railway Crossing

8150180

Finniss River Gitchams
Crossing

8150200

East Branch Finniss River
at Rum Jungle

8150204

20th

50th

80th

CEASETOFLOW
(%)

Minimum

BASEFLOW
INDEX

Mean

367

504

223

152

102

51

168

7

0.25

71

100

51

35

22

5

37

17

0.25

1044

1567

746

507

321

129

559

0

0.27

49

69

36

24

15

3

26

24

0.24

Finniss River at north
west of Mount Fitch

486

693

323

230

156

79

249

1

0.27

8170002

Adelaide River at
Adelaide Railway Bridge

643

890

363

218

113

53

246

1

0.20

8170005

Adelaide River at
Marrakai Crossing

1630

2061

838

568

317

169

606

0

0.24

8170006

Bridge Creek upstream
Railyway

125

109

40

26

14

2

28

9

0.15

8170008

Adelaide River upstream
Daly Road

118

189

76

47

22

6

50

0

0.15

8170020

Adelaide River at Dirty
Lagoon

4342

5025

2063

1264

790

260

1475

0

0.25

8170066

Coomalie Creek at Stuart
Highway

80

89

35

21

13

5

25

0

0.29

8170076

Stapleton Creek at Stuart
Highway

96

129

63

42

27

15

47

0

0.12

8170084

Adelaide River at Tortilla
Flats

1163

1583

644

427

214

96

449

0

0.21

8170240

Margaret River at Bob's
Hill

917

727

163

98

67

27

135

0

0.27

8180026

El Sherana Crossing

680

372

180

125

65

8

128

0

0.23

8180035

Mary River at Mount
Bundey

5752

5087

2630

1605

613

120

1686

12

0.24

8180069

Mckinlay River at
Burrundie

345

368

198

118

46

2

127

35

0.13

8180252

Harriet Creek at Kakadu
Hwy

108

100

51

35

17

5

36

30

0.25

Figure 2-33 shows how median annual streamflow increases towards the coast in the Darwin
catchments. The Adelaide River is shown in Figure 2-34. As an indication of variability Figure 2-35
shows the 20% and 80% exceedance of annual streamflow in the Darwin catchments.
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Figure 2-33 Median annual streamflow (50% exceedance) in the Darwin catchments under Scenario A

Figure 2-34 Adelaide River at the potential Marrakai dam site looking upstream during the dry season
Photo: CSIRO
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Figure 2-35 20% and 80% exceedance of annual streamflow in the Darwin catchments under Scenario A

Figure 2-36 and Figure 2-37 illustrate the decrease in catchment area and increase in elevation
along the Adelaide and Mary rivers, respectively, from their mouths to their sources. The large
‘step’ changes in catchment area are where major tributaries join the rivers. These figures
highlight the flatness of the floodplains of the Adelaide and Mary rivers.

Figure 2-36 Catchment area and elevation profile along the Adelaide River from its mouth to its source
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Figure 2-37 Catchment area and elevation profile along the Mary River from its mouth to its source

Catchment runoff
The simulated mean annual runoff averaged over the Darwin catchments under Scenario A is
416 mm. Figure 2-38 shows the spatial distribution of mean annual rainfall and runoff under
Scenario A (1890 to 2015) across the Darwin catchments. Mean annual runoff broadly follows the
same spatial patterns as mean annual rainfall; runoff is highest in the north-west of the study area
and lowest in the south-east. The certainty of runoff is lowest on the coastal plains below the
lowermost gauging stations.
Mean monthly and annual runoff data in the Darwin catchments exhibit less variation from one
year to the next compared to other parts of northern Australia. The annual runoff at 20%, 50%
(median) and 80% exceedance averaged across the Darwin catchments is 590, 397 and 232 mm,
respectively (Figure 2-39). That is, runoff spatially averaged across the Darwin catchments will
exceed 590 mm 1 year in 5, 397 mm half the time and 232 mm 4 years in 5. Figure 2-39 shows the
spatial distribution of the annual runoff at 20%, 50% and 80% exceedance under Scenario A.
Intra- and inter-annual variability in runoff
Rainfall, runoff and streamflow in the Darwin catchments are variable between years but also
within years. Approximately 82% of all runoff in the Darwin catchments occurs in the 3 months
from January to March, which is very high compared to rivers in southern Australia (Petheram
et al., 2008). Unlike many parts of northern Australia, the major rivers and tributaries in the midto-lower reaches of Darwin catchments are perennial (Table 2-3). Figure 2-40b illustrates that
during the wet season there is a high variation in monthly runoff from one year to the next. For
example, during the month of March, in 20% of years mean runoff exceeded 184 mm and in 20%
of years it was less than 47 mm. The largest catchment average annual runoff under Scenario A
was 1195 mm in 2010–11 and the smallest catchment average annual runoff under Scenario A was
43 mm in 1905–06 (Figure 2-40a). The CV of annual runoff in the Darwin catchments is 0.5. Based
on data from Petheram et al. (2008) the variability in runoff in the Darwin catchments is low
compared to the annual variability in runoff of other rivers in northern and southern Australia with
a comparable mean annual runoff.
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Figure 2-38 Mean annual rainfall and runoff across the Darwin catchments under Scenario A
Pixel scale variation in mean annual runoff figure is due to modelled variation in soil type.

Figure 2-39 Maps showing annual runoff at 20%, 50% and 80% exceedance across the Darwin catchments under
Scenario A
Pixel scale variation in mean annual runoff figure is due to modelled variation in soil type.
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(a)

(b)

Figure 2-40 Runoff in the Darwin catchments under Scenario A
(a) Time series of annual runoff averaged across the Darwin catchments and (b) monthly runoff averaged across the
Darwin catchments.

Flooding
Widespread flooding occurs on the coastal plains of the Darwin catchments, reducing considerably
in extent with distance inland (Figure 2-41). Figure 2-33 and Figure 2-35 show a large proportion
(40%) of the runoff in the Darwin catchments is generated on the coastal plains and surrounding
land.
Flooding can be catastrophic to agricultural production in terms of loss of stock, fodder and
topsoil, and damage to crops and infrastructure; it can isolate properties and disrupt vehicle
traffic. However, flood events also provide opportunity for offstream wetlands to be connected to
the main river channel. The high biodiversity found in many unregulated floodplain systems in
northern Australia is thought to largely depend on flood events, which allow for biophysical
exchanges to occur between the main river channel and wetlands.
Unless otherwise stated, the material in this section is based on findings described in the
companion technical report on flood mapping and modelling (Karim et al., 2018).
Figure 2-42 indicates the spatial extent and temporal variation of inundation on the coastal
floodplains of the Darwin catchments for selected flood events, based on computer model
simulations (see Karim et al., 2018). Where introduced pastures are inundated with stagnant
water for a period greater than 5 consecutive days, the above-ground biomass may die; this may
extend to 2 weeks if the water is aerated. Where the period of inundation is greater than 20
consecutive days, the entire plant may die. This does, however, vary between pasture species.
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Figure 2-41 Flood inundation map of the Darwin catchments
Data captured using MODIS satellite imagery. This figure illustrates the maximum percentage of MODIS pixel
inundated between 2000 and 2015.

Further observations of flooding under the historical climate in the Darwin catchments are as
follows:
• Average flood peak propagation speeds along the Adelaide River are slow due to the low relief
and tidal influence (approximately 0.5 km/hour), with the flood peak taking 5 to 7 days to travel
from Adelaide River town to the Arnhem Highway.
• For flood events of AEP 1 in 5, 1 in 10 and 1 in 20 the peak discharge at Dirty Lagoon on the
Adelaide River was 1540, 1920 and 2520 m3/second, respectively.
• Between 1981 and 2015 (35 years) events with a discharge greater than or equal to AEP 1 in 1
occurred during all months between December and April, with about 85% of events occurring
between January and March. Of the ten events with the largest flood peak, one event occurred
during December, two in January, three in February, three in March and one in April.
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Figure 2-42 Spatial extent and temporal variation of inundation in the Adelaide, Mary and Wildman catchments
Simulated flood events during (a) 2001 (AEP 33%) and (b) 2006 (AEP 7%). AEP = annual exceedance probability.

• In the Darwin catchments the maximum area inundated during events of AEP 1 in 3 (2001) and
AEP 1 in 14 (2006) was 1145 and 1583 km2, respectively. Downstream of the Arnhem Highway
the coastal floodplains can be inundated for long periods of time due to the low relief (Figure
2-36 and Figure 2-37) and tidal influence. For an event of AEP 1 in 30 (2014) parts of the coastal
floodplains were inundated for more than 20 days. Due to the low flood propagation speeds and
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low relief the average connectivity of wetlands to the main river channel was relatively long,
about 12 days for an event of AEP 1 in 3 (2001) and 13 days for an event of AEP 1 in 14 (2006).
Larger floods had longer periods of connectivity between the main river channel and offstream
wetlands. However, variation in local runoff and the shape of the inflow hydrograph (e.g. single
or multiple peaks) had a strong influence on the duration of connectivity.
Relationship between streamflow, inundation area and flood frequency in the Adelaide River floodplain

A strong relationship is observed between peak flood discharge at gauge 8170020 and maximum
inundated area of the Adelaide River floodplain. This relationship enables maximum inundated
area to be estimated from streamflow data (Figure 2-43a). Figure 2-43b shows the relationship
between peak flood discharge and annual exceedance probability (AEP). These two figures can be
used together to estimate the AEP of maximum inundated areas. For example, Figure 2-43a shows
the maximum inundated area of 800 km2 corresponds to a peak flood discharge of about
1000 m3/second, which in turn corresponds to an AEP of 20% (or 1 in 5 years) (Figure 2-43b).
Hence, a maximum inundated area of 800 km2 is exceeded in 20% of years.
(a)

(b)

Figure 2-43 Relationships between peak flood discharge, maximum inundated area and annual exceedance
probability
(a) Peak flood discharge at gauge 8170020 (Dirty Lagoon) and maximum inundation area of Adelaide River floodplain
and (b) peak flood discharge and annual exceedance probability at gauge 8170020.

Instream waterholes during the dry season
Unlike many parts of northern Australia, the rivers in the Darwin catchments are perennial in their
mid-to-lower reaches (Figure 2-44). In ephemeral reaches, such as the Mary River above its
confluence with the McKinley River, and its tributaries, once streamflow has ceased the rivers
break up into a series of waterholes during the dry season. Waterholes that ‘persist’ from one year
to the next are considered to be key aquatic ‘refugia’ and are likely to be sustaining ecosystems in
the Darwin catchments (Section 3.2). In some reaches waterholes may be partly or wholly
sustained by groundwater discharge (Section 2.5.4). However, in other reaches there is little
evidence that ‘persistent’ waterholes receive water from groundwater discharge and are likely to
be replenished following wet-season flows.
The ecological importance and functioning of key aquatic refugia are discussed in more detail in
the companion technical report on ecology (Pollino et al., 2018).
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The formations of waterholes following a cease-to-flow event were captured using satellite
imagery for a reach of the Flinders River in northern Australia (Figure 2-44). Figure 2-46 maps 1-km
river reaches/segments where water is recorded in greater than 90% of dry-season satellite
imagery. It provides an indication of those river reaches containing permanent water.

Figure 2-44 Instream waterhole evolution
This figure shows the area of waterholes at a given time after flow ceased and the ability of the water index threshold
to track the change in waterhole area and distribution.

Figure 2-45 shows a persistent waterhole in the Darwin catchments.

Figure 2-45 Persistent waterhole in the Darwin catchments
Photo: CSIRO
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Figure 2-46 Location of river reaches containing permanent water in the Darwin catchments
Persistent river reaches are defined as 1-km river reaches where water was identified in greater than 90% of the dryseason LandSat imagery between 1989 and 2015. Mapping of persistent river reaches is confounded by riparian
vegetation in the Darwin catchments.

Streamflow forecasting
The Bureau of Meteorology (BoM) offers seven-day streamflow forecasting and seasonal
streamflow forecasting services. The skill of streamflow forecasting largely depends on knowledge
of antecedent catchment conditions and skill of forecast rainfall and/or climate indicators.
Seven-day streamflow forecasting is currently offered by the BoM in the Darwin catchments at the
Railway Bridge on Adelaide River (8170002). At this location there is a reasonable level of skill at
simulating daily streamflow with a one-day lead time, however, the skill reduces considerably
thereafter (see companion technical report on climate (Charles et al., 2016)). Seven-day
streamflow forecasting skill is likely to be higher over longer lead times at locations lower in the
catchment (e.g. Dirty Lagoon) due to the larger catchment area and the slow flood propagation
speeds downstream of Adelaide River town.
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During December there is a moderate level of skill at forecasting total streamflow volume in the
Darwin catchments for the January to March period (Charles et al., 2016).
While annual rainfall is not always reliable and seasonal forecasting moderate, important
information about water availability (i.e. soil water and water in dams at the end of the wet
season) is often available when it is most important agriculturally – before planting time for most
crops.
Surface water quality
Interpreting patterns and trends in water quality data from rivers in the Darwin catchments is
confounded by variations arising from spatial and temporal patterns in rainfall and streamflow.
General observations based on intermittent water quality measurements between the mid-1970s
and 2003 are as follows:
• In the Finniss catchment observed water quality downstream of the Rum Jungle uranium mine,
which closed in 1971, has been poor. Heavy metal concentrations, in particular, have been
measured as exceeding drinking water quality standards (NHMRC, 2011).
• Samples collected in close proximity to the Rum Jungle mine had particularly elevated
concentrations of heavy metals. For example, total lead sampled at the Gitchams Crossing
streamflow gauge (8150180) often exceeded safe drinking water thresholds during the 1970s
and early 1980s. More recent data from this site were not identified. Where catchments are
larger and streamflow is higher, surface water quality in the Darwin catchments appears to be
better than the levels recommended by drinking water quality standards. This is likely to be due
to dilution with better quality water.
• Recent sampling in the Adelaide catchment by Power and Water Corporation focused on sites
that have potential for urban and industrial water extraction, or were identified as being sites
with potentially high concentrations of metals and sediments (PWC, 2016). Results show no
notable water quality issues for irrigated agriculture or potable use in the larger rivers of the
Adelaide catchment.
• In the Mary catchment surface water quality at the Mount Bundey streamflow gauge (8180035)
is acceptable with respect to drinking water quality standards. Sample concentrations for total
nitrogen, phosphorus, lead, arsenic and copper were all within acceptable levels.
• No surface water quality measurements were available for the Wildman catchment.

2.6

References

Ash A, Bristow M, Laing A, MacLeod N, Niscioli A, Paini D, Palmer J, Prestwidge D, Stokes C,
Watson I, Webster T and Yeates S (2018) Agricultural viability: Darwin catchments. A
technical report to the Australian Government from the CSIRO Northern Australia Water
Resource Assessment, part of the National Water Infrastructure Development Fund: Water
Resource Assessments. CSIRO, Australia.
Charles S, Silberstein R, Teng J, Fu G, Hodgson G, Gabrovsek C, Crute J, Chiew F, Smith I, Kirono D,
Bathols J, Li L, Yang A, Donohue R, Marvanek S, McVicar T, Van Niel T and Cai W (2010)
Climate analyses for south-west Western Australia. A report to the Australian Government
from the CSIRO South-West Western Australia Sustainable Yields Project. CSIRO, Australia.
72 | Water resource assessment for the Darwin catchments

Charles S, Petheram C, Berthet A, Browning G, Hodgson G, Wheeler M, Yang A, Gallant S, Vaze J,
Wang B, Marshall A, Hendon H, Kuleshov Y, Dowdy A, Reid P, Read A, Feikema P,
Hapuarachchi P, Smith T, Gregory P and Shi L (2016) Climate data and their characterisation
for hydrological and agricultural scenario modelling across the Fitzroy, Darwin and Mitchell
catchments. A technical report to the Australian Government from the CSIRO Northern
Australia Water Resource Assessment, part of the National Water Infrastructure
Development Fund: Water Resource Assessments. CSIRO, Australia.
Chiew FHS, Cai W and Smith IN (2009) Advice on defining climate scenarios for use in MurrayDarling Basin Authority Basin Plan modelling. CSIRO report for the Murray-Darling Basin
Authority.
Chiew F, Post D and Moran R (2012) Hydroclimate baseline and future water availability
projections for water resources planning. 34th Hydrology and Water Resources Symposium
2012, Sydney, NSW, 19–22 November 2012. Barton, ACT: Engineers Australia. 461–468.
CoastAdapt (2017) Sea-level rise and future climate information for coastal councils: Kowanyama,
QLD. National Climate Change Adaptation Research Facility and Australian Government
Department of Environment and Energy. Viewed 03 May 2018,
https://coastadapt.com.au/sea-level-rise-information-all-australian-coastalcouncils#NT_DARWIN.
CSIRO (2009) Water in the Van Diemen region. In: Water in the Timor Sea Drainage Division. A
report to the Australian Government from the CSIRO Northern Australia Sustainable Yields
Project. CSIRO Water for a Healthy Country Flagship, Australia, 363–452.
CSIRO and Bureau of Meteorology (2015) Climate change in Australia information for Australia’s
natural resource management regions: Technical report. CSIRO and Bureau of Meteorology,
Australia.
DENR (2016a) Digital groundwater data supplied by the Department of Environment and Natural
Resources, Copyright - Northern Territory of Australia. Data downloaded from the Water
Data Portal in August 2016, https://nt.gov.au/environment/water/water-informationsystems/water-data-portal.
DENR (2016b) Department of Natural Resources and Environment. Bore construction Darwin Rural
Water Control District. Downloaded March 2018,
https://denr.nt.gov.au/__data/assets/pdf_file/0006/292218/DLRM_GroundWater_BoreInfo
-2a.pdf.
DENR (2018) Department of Environment and Natural Resources. Darwin Rural Groundwater
Watch. Viewed March 2018, https://denr.nt.gov.au/land-resourcemanagement/water/water-management/Darwin-rural-groundwater-watch.
Evans S, Marchand R and Ackerman T (2014) Variability of the Australian monsoon and
precipitation trends at Darwin. Journal of Climate 27(22), 8487–8500. DOI: 10.1175/JCLI-D13-00422.1.
Fell-Smith SA and Sumner J (2011) Technical report – Koolpinyah Dolomite aquifer characteristics
project, report no. 26/2011D, Northern Territory Department of Land Resource
Management, Palmerston, NT.
Chapter 2 Physical environment of the Darwin catchments | 73

Fitzpatrick EA (1986) An introduction to soil science. Longman Scientific and Technical Group.
Essex, UK.
Hughes J, Yang A, Wang B, Marvanek S, Seo L, Petheram C and Vaze J (2018) River model
simulation for the Fitzroy, Darwin and Mitchell catchments. A technical report from the
CSIRO Northern Australia Water Resource Assessment, part of the National Water
Infrastructure Development Fund: Water Resource Assessments, CSIRO, Canberra, Australia.
Jeffrey SJ, Carter JO, Moodie KB and Beswick AR (2001) Using spatial interpolation to construct a
comprehensive archive of Australian climate data. Environmental Modelling and Software
16, 309–330.
Karim F, Peña-Arancibia J, Ticehurst C, Marvanek S, Gallant J, Hughes J, Dutta D, Vaze J,
Petheram C, Seo L and Kitson S (2018) Floodplain inundation mapping and modelling for the
Fitzroy, Darwin and Mitchell catchments. A technical report to the Australian Government
from the CSIRO Northern Australia Water Resource Assessment, part of the National Water
Infrastructure Development Fund: Water Resource Assessments. CSIRO, Australia.
Köppen W (1936) Das geographisca System der Klimate. In: Köppen W and Geiger G (eds),
Handbuch der Klimatologie, 1. C. Gebr, Borntraeger, 1–44.
Lerat J, Egan C, Kim S, Gooda M, Loy A, Shao Q and Petheram C (2013) Calibration of river models
for the Flinders and Gilbert catchments. A technical report to the Australian Government
from the CSIRO Flinders and Gilbert Agricultural Resource Assessment, part of the North
Queensland Irrigated Agriculture Strategy. CSIRO Water for a Healthy Country and
Sustainable Agriculture flagships, Australia.
Lyne V and Hollick M (1979) Stochastic time-variable rainfall-runoff modelling. Proceedings of the
Hydrology and Water Resources Symposium, Perth, 10–12 September, Institution of
Engineers National Conference Publication, No. 79/10, pp. 89–92.
Marsden Jacob Associates (2012a) Socio-economic assessments to inform water resource planning
in the Darwin region: Howard East Water Allocation Planning Area (HEWAPA). Report
prepared for the Northern Territory Department of Natural Resources, Environment, the
Arts and Sport.
Marsden Jacob Associates (2012b) Socio-economic assessments to inform water resource planning
in the Darwin region: Berry Springs Water Allocation Planning Area (BSWAPA). Report
prepared for the Northern Territory Department of Natural Resources, Environment, the
Arts and Sport.
McBride JL and Nicholls N (1983) Seasonal relationships between Australian rainfall and the
Southern Oscillation. Monthly Weather Review 111(10), 1998–2004. DOI: 10.1175/15200493(1983)111<1998:SRBARA>2.0.CO;2.
McFarlane D, Stone R, Martens S, Thomas J, Silberstein R, Ali R and Hodgson G (2012) Climate
change impacts on water yields and demands in south-western Australia. Journal of
Hydrology 475, 488–498. DOI: 10.1016/j.jhydrol.2012.05.038.
McMahon TA and Adeloye AJ (2005) Water resources yield. Water Resources Publications LLC,
Colorado USA.
74 | Water resource assessment for the Darwin catchments

McCready AJ, Stumpfl EF, Lally JH, Ahmad M and Gee RD (2004) Polymetallic Mineralization at the
Browns Deposit, Rum Jungle Mineral Field, Northern Territory, Australia. Economic Geology ;
99 (2): 257–277. doi: https://doi.org/10.2113/gsecongeo.99.2.257
National Committee on Soil and Terrain (2009) Australian soil and land survey field handbook.
CSIRO Publishing, Collingwood, Vic.
NHMRC (2011) Australian Drinking Water Guidelines Paper 6, National Water Quality
Management Strategy. National Health and Medical Research Council, National Resource
Management Ministerial Council, Commonwealth of Australia, Canberra.
Peel MC, Finlayson BL and McMahon TA (2007) Updated world map of the Köppen-Geiger climate
classification. Hydrology and Earth System Science 11(5), 1633–1644. DOI: 10.5194/hess-111633-2007.
Petheram C, Walker G, Grayson R, Thierfelder T and Zhang L (2002) Towards a framework for
predicting impacts of land-use on recharge: 1. A review of recharge studies in Australia. Soil
Research 40, 397–417. DOI: 10.1071/SR00057
Petheram C, McMahon TA and Peel MC (2008) Flow characteristics of rivers in northern Australia:
Implications for development. Journal of Hydrology 357(1–2), 93–111. DOI:
10.1016/j.jhydrol.2008.05.008.
Petheram C, McMahon TA, Peel MC and Smith CJ (2010) A continental scale assessment of
Australia's potential for irrigation. Water Resources Management 24(9), 1791–1817.
Petheram C, Rustomji P, McVicar TR, Cai W, Chiew FHS, Vleeshouwer J, Van Niel TG, Li L,
Cresswell RG, Donohue RJ, Teng J and Perraud J-M (2012) Estimating the impact of projected
climate change on runoff across the tropical savannas and semiarid rangelands of northern
Australia. Journal of Hydrometeorology 13(2), 483–503. DOI: 10.1175/JHM-D-11-062.1.
Petheram C and Yang A (2013) Climate data and their characterisation for hydrological and
agricultural scenario modelling across the Flinders and Gilbert catchments. A technical
report to the Australian Government from the CSIRO Flinders and Gilbert Agricultural
Resource Assessment, part of the North Queensland Irrigated Agriculture Strategy. CSIRO
Water for a Healthy Country and Sustainable Agriculture flagships, Australia. Viewed
February 2018, https://publications.csiro.au/rpr/pub?pid=csiro:EP13826.
Petheram C, Gallant J, Wilson P, Stone P, Eades G, Roger L, Read A, Tickell S, Commander P,
Moon A, McFarlane D, Marvanek S (2014) Northern rivers and dams: a preliminary
assessment of surface water storage potential for northern Australia. CSIRO Land and Water
Flagship Technical Report. CSIRO, Australia.
Petheram C, Rogers L, Read A, Gallant J, Moon A, Yang A, Gonzalez D, Seo L, Marvanek S, Hughes J,
Ponce Reyes R, Wilson P, Wang B, Ticehurst C and Barber M (2017) Assessment of surface
water storage options in the Fitzroy, Darwin and Mitchell catchments. A technical report to
the Australian Government from the CSIRO Northern Australia Water Resource Assessment,
part of the National Water Infrastructure Development Fund: Water Resource Assessments.
CSIRO, Australia.
Pollino CA, Barber E, Buckworth R, Deng A, Ebner B, Kenyon R, Liedloff A, Merrin LE, Moeseneder
C, Nielsen DL, O'Sullivan J, Ponce Reyes R, Robson BJ, Stratford DS, Stewart-Koster B and
Chapter 2 Physical environment of the Darwin catchments | 75

Turschwell M (2018) Synthesis of knowledge to support the assessment of impacts of water
resource development to ecological assets in northern Australia: asset descriptions. A
technical report to the Australian Government from the CSIRO Northern Australia Water
Resource Assessment, part of the National Water Infrastructure Development Fund: Water
Resource Assessments. CSIRO, Australia.
PWC (2016) Review of water quality data collected in the Adelaide River Catchment. 2015–16
update and five-year review. Power and Water Corporation, Darwin.
Rasmusson EM and Arkin PA (1993) A global view of large-scale precipitation variability. Journal of
Climate 6, 1495–1522.
Raymond OL, Liu S, Gallagher R, Highet LM and Zhang W (2012) Surface Geology of Australia, 1:1
000 000 scale, 2012 edition [Digital Dataset]. Geoscience Australia, Commonwealth of
Australia, Canberra.
Russell‐Smith J (1991) Classification, species richness, and environmental relations of monsoon
rain forest in northern Australia. Journal of Vegetation Science 2(2), 259-278.
Thomas M, Brough D, Bui E, Harms B, Holmes K, Hill JV, Morrison D, Philip S, Searle R, Smolinksi H,
Tuomi S, Van Gool D, Watson I, Wilson PL and Wilson PR (2018a) Digital soil mapping of the
Fitzroy, Darwin and Mitchell catchments. A technical report from the CSIRO Northern
Australia Water Resource Assessment, part of the National Water Infrastructure
Development Fund: Water Resource Assessments. CSIRO, Australia.
Thomas M, Gregory L, Harms B, Hill JV, Morrison D, Philip S, Searle R, Smolinski H, Van Gool D,
Watson I, Wilson PL and Wilson PR (2018b) Land suitability of the Fitzroy, Darwin and
Mitchell catchments. A technical report from the CSIRO Northern Australia Water Resource
Assessment, part of the National Water Infrastructure Development Fund: Water Resource
Assessments. CSIRO, Australia.
Tickell SJ and Zaar U (2017) Hydrogeology of the Wildman River area Technical Report 8/2017D
Northern Territory Department of Environment and Natural Resources.
Turnadge C, Crosbie RS, Tickell SJ, Zaar U, Smith SD, Dawes WR, Harrington GA, Taylor AR (2018)
Hydrogeological characterisation of the Mary–Wildman rivers area, Northern Territory. A
technical report to the Australian Government from the CSIRO Northern Australia Water
Resource Assessment, part of the National Water Infrastructure Development Fund: Water
Resource Assessments. CSIRO, Australia.

76 | Water resource assessment for the Darwin catchments

