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Overview 

The Murray–Darling Basin Hydro-Climate Outlook 2020 provides an overview of the current 

hydro-climatic conditions influencing water availability across the Basin in the context of the 

seasonal outlook, and historic and projected future trends.  

Section one covers recent climate conditions and current water resource availability. The 

section highlights that the recent rainfall in early 2020 falls well short of replenishing rainfall 

deficiencies due to the extreme drought over the last three years.  

Section two shows that this multi-year perspective is important in understanding that, even 

though the seasonal outlook predicts above average rainfall for the Basin for late winter and 

Spring 2020, multiple seasons of above average rainfall are needed restore water resource 

availability.  

Section three covers the longer-term hydro-climate outlook for the Basin. Trends towards 

decreasing winter-spring rainfall in the southern Basin and warming across the Basin are 

seen both in the historic observations and projections for future climate scenarios at the 

multi-decadal scale.   

 

Figure 1.  Time periods considered in sections of the outlook. 

 

1. Recent conditions and water resource availability 

1.1 Recent conditions 

Rainfall in the two and three years to the end of 2019 was near to or below previous record 

lows in many parts of the Basin and was particularly low in northern inland New South 

Wales. Many of these record lows were set during the Federation Drought in 1900−1902. 

The impacts were exacerbated by record high temperatures, including Australia's hottest 

year in 2019, hottest summer in 2018–2019 and hottest month in December 2019. The 

extended nature and timing of the dry conditions impacted natural resource management, 

agriculture, water resources, public health, and emergency management. 

Much of eastern New South Wales experienced heavy rain in February 2020.There was 

more widespread and above average rain through many parts of southeast Australia from 

February to April 2020. Rainfall in 2020 has helped to alleviate agricultural drought 

conditions, as soil moisture in most areas was average to above average for much of 

autumn. However, significant further rain is required to address water shortages in dams, 

rivers and groundwater systems. 

The Bureau's Special Climate Statement (to be released in July 2020) provides more 

information on recent conditions over the last three years. Recent conditions are also 



Pilot Murray–Darling Basin Hydro-Climate Outlook 2020 

 

4 
 

discussed further below (Section 3) in the context of historic trends and projected trends 

over multi-decadal time scales. 

 

1.2 Current water resource availability 

Water resources are greatly influenced by the occurrence and frequency of rainfall across 

the landscape, by temperature and by water use. During the first part of the summer of 

2019-2020, water availability in the soil, major storages, rivers and groundwater in the 

Murray–Darling Basin reached historic lows. The rainfall over many parts of the Basin 

January to April 2020 resulted in some recovery in these resources.  

 

1.2.1 Soil moisture  

By May 2020, large areas in New South Wales and Victoria reached very much above 

average soil moisture. Soil moisture remained predominantly at average or above average 

levels in June 2020 (Figure 2). The Alpine areas of Victoria and the upper Namoi, Macquarie 

and Castlereagh river catchments have had increases of more than 50 per cent in available 

soil water content in the first six months of the year. Due to the limited rain in May and June, 

the soil in the far northern catchments of the Condamine, Moonie and Border Rivers started 

to dry, although most areas remain above average. This recovery follows a three-year record 

low period of soil moisture in the Basin. 

 

Figure 2. Soil moisture increases in the Murray–Darling Basin. Change in root zone soil moisture (% of 

available water content) from 1 January 2020 to 30 June 2020 (left). Monthly average root zone soil moisture 

deciles in June 2020 (right). From the AWRA-L v6 model for the top 100 cm of the soil profile, data spans 

January 1911- June 2020. 

 

1.2.2 Storages 

The rain from January 2020 onwards brought limited increases to water storages in the 

Murray–Darling Basin. The exceptions were some of the smaller weirs and on-river storages 

in the far north of the Basin which filled very quickly following significant rain in February 

2020. The increase in total storage in the northern Basin from January to June 2020 was 

only 11 per cent or 510 GL leaving the majority of storages at less than 20 per cent of 
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capacity (Figure 3). A notable exception in the northern Basin was the relatively small 

Beardmore Reservoir (Lake Kajarabie) in the Condamine-Culgoa river system, which went 

from two to 100 per cent in eight days in February 2020. 

It is not rare to have several years between filling events in the Namoi River valley, where 
the Keepit Dam has only filled in three of the past ten years (2010-2011, 2011-2012, 2016-
2017). Modelled runoff in the Namoi River valley was only 30 per cent of the long-term 
average in 2018 and only 20 per cent in 2019. As a result, the major storages (Keepit and 
Split Rock dams) were depleted to critically low levels and there was a significant reduction 
of access to water to preserve supplies for critical needs. Farmers in the lower Namoi River 
valley received zero general security allocation on the opening day of the water year (1 July) 
in each of the four years from 2017 to 2020.  

While the rain in February to April of 2020 delivered a significant improvement to the 
landscape in the northern Basin, it only delivered minor improvement to water storage levels. 
To reach 50 per cent of capacity in the Copeton Dam, two more years of consistently 
average runoff from the storage catchment is required. To reach 80 per cent, three years 
and nine months would be required. At Split Rock Dam, 50 per cent would be achieved in 
nearly three years and 80 per cent in four years and nine months. This demonstrates that a 
lot more rain, over an extended period of time, is needed to replenish the water levels in the 
northern Basin.  
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Figure 3. The volume of major water storages of the Murray–Darling Basin as of 1 July 2020. These are publicly 

owned dams that have a capacity greater than 1 GL or one billion litres (Sydney Harbour has a volume of 500 

GL). 

 

1.2.3 Streamflow and runoff 

The rivers of the Murray–Darling Basin reached record low flows in December 2019 but have 

seen some recovery following rain through to June 2020. Very few of the northern Basin 

rivers were flowing at all in December 2019. While this is not unusual for some of the 

northwestern rivers, the rivers in the northeast saw the lowest flows on record. Significant 

rainfall occurred in the upper catchments from January to April 2020, and some additional 
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rain occurred in May. As a result, all of the major rivers in the northern Murray–Darling Basin 

have flowed in 2020. The ephemeral rivers of the far north started to dry up in April 2020 but 

not before delivering significant flows to important environmental assets such as the Narran 

Lakes, and to the Darling River. Although the recent flows in the Darling River are valuable, 

they are only at average rates for this time of year. The Darling River at Wilcannia has been 

very low for several years and aside from a wetter than average 2016 winter-spring season, 

streamflow has mostly been below average since 2013—including lowest on record 

streamflow in late 2019 (Figure 4). In the longer context (apart from three years between 

2010 and 2012) the Darling River has not seen above average flow for more than a few 

months at a time since March 2002.    

 
Figure 4 . Daily streamflow deciles for Darling River. Inflows from upstream catchments as measured at 

Wilcannia. 

2. Seasonal outlook 
 

This section presents an overview of available seasonal predictions, including the seasonal 

rainfall and streamflow predictions as of July 2020.  

Current predictions suggest average to above average rainfall and streamflow can be 

expected in August to November 2020 (for the latest climate outlook visit 

http://www.bom.gov.au/climate/outlooks). Winter-spring is a very important time for the filling 

of the storages in the southern Basin. Storages in northern Basin have highly variable filling 

patterns, but significant inflows are more likely in summer and autumn.   

The El Niño–Southern Oscillation (ENSO) is neutral, but models suggest cooling in the 

central tropical Pacific is likely to continue (Figure 5). While an ENSO-neutral state is the 

most likely scenario until the end of winter 2020, several models suggest La Niña thresholds 

could be exceeded in early spring. La Niña events typically enhance spring rainfall in 

northern, central and eastern Australia.  

The Indian Ocean Dipole (IOD) is currently neutral and is predicted to likely stay that way 

through to the end of spring. 

 

 

http://www.bom.gov.au/climate/outlooks
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Figure 5. Average model outlook for ENSO and IOD as of 13 July 2020. The latest summary is available at 

http://www.bom.gov.au/climate/model-summary 

 

  

http://www.bom.gov.au/climate/model-summary
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Maximum daytime temperatures are forecast to be closer to average for much of the Basin 

during late winter and spring, which is a significant change from the consistently above 

average temperatures in recent years. Overnight minimum temperatures are forecast to be 

higher than the long-term average. 

Streamflow across the Basin is forecast to be median to high flow for the majority of the 

forecast sites between July and September 2020 (Figure 6). These sites are mostly in the 

major catchments to the south-east of the Basin, where the majority of Basin runoff is 

generated. 

 

Figure 6. Streamflow forecast for the Murray–Darling Basin for July 2020 to September 2020. 

 

Sustained above average inflows to major Basin storages are required to alleviate drought 

impacts for agricultural and environmental water users, many of whom have received no or 

low allocations over the past three years.   

 

3. Historic and projected trends 

Rainfall in the Murray-Darling Basin varies significantly from year to year and from decade to 

decade, leading to uncertainty in forecasting the weather beyond the season ahead. Further, 

there is uncertainty around how major climate influences such as the ENSO and the IOD will 

be impacted by climate change. 

Global climate models are used to project plausible future scenarios for Australia's climate 

and water conditions. Global climate model results can vary significantly making it difficult to 

predict future climate and water conditions. Climate change studies therefore consider the 

range of plausible conditions as defined by a group of models and, rather than predicting a 

climate future, will report on a range of plausible future water and climate scenarios.  

Despite the uncertainty in projecting the Basin’s future climate, some trends are projected 

with reasonable confidence. The northern Basin's characteristic high inter-annual rainfall 

variability is projected to continue against a backdrop of longer-term rainfall decrease. In the 
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south, the cool season rainfall that is critical to filling the Basin's major storages is projected 

to decrease. The entire Basin is projected to experience an increase in mean annual surface 

temperature, continuing a strong trend observed since 1970. 

 

3.1 Rainfall trends and projections 

Over the historical record, inland New South Wales and Queensland experienced a relatively 

dry first half of the 20th Century, a relatively wet second half of the 20th Century (with 

especially wet decades in the 1950s and 1970s), then a return (since 2001) to drier 

conditions (except the extremely wet 2010-2011 and 2011-2012 La Niña events). While the 

last 20 years have seen very much below average cool season rainfall across the Basin 

(Figure 7), it is difficult to define how much of this trend can be attributed to the high natural 

variability observed in the climate record and how much can be attributed to climate change. 

However, this trend does align with projections from global climate models.  

Rainfall in the Basin is strongly influenced by seasonal phenomena such as the IOD, the 

ENSO and shorter-lived phenomena such as the Southern Annular Mode (SAM). There is 

uncertainty around how these climate drivers will respond to a warming climate making 

climate projections less certain. The high natural variability will likely obscure longer-term 

trends for at least the coming decade. This means that wet and dry years can be expected, 

on top of the longer-term drying trend.  

 

Figure 7. May to October (left) and November to April (right) rainfall deciles for the last 20 years (2000-2019). A 

decile map shows where the rainfall is above average, average or below average for the recent period, in 

comparison with the entire rainfall record from 1900.  

 

The trend towards decreasing cool season rainfall has been observed since the 1990s and 

is associated with a southerly shift in these rain bearing systems. This downward trend in 

rainfall has been observed in all southern parts of eastern Australia, particularly Victoria, and 

in the higher rainfall areas of the Murray–Darling Basin along the western slopes of the 

Great Dividing Range. These trends were described in the State of the Climate 2018 report 

and are concentrated in the April to October period.  

Southern Basin storages are typically replenished during the cool season when rain-bearing 

systems (usually fronts) from the Southern Ocean pass over the south-eastern land mass. 

The cool seasons of 2017, 2018 and particularly 2019 were marked by a large number of 

high-pressure systems and a small number of low-pressure systems over southern Australia. 

The cool season (May-October) rainfall totalled across the previous three years was the 

lowest on record across large parts of New South Wales. All three years had cool season 
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rainfall below 155 mm for New South Wales, with the lowest three-season total on record of 

385 mm. 

Warm season rainfall in the Basin in the last 20 years has been closer to long-term 

averages. Climate projections suggest both increases and decreases in total warm season 

rainfall are possible. Basin wide, however, an increase in the intensity of rainfall is projected 

with high confidence in all seasons, meaning higher volumes of rain for the same duration of 

time, resulting in increased flood risk.  

 

3.2 Temperature 

While the nature of rainfall variability and trends is complicated, trends in temperature are 

clear. Since 1970, most of the catchment has been warming at a rate of between 0.2oC and 

0.4oC per decade, with a total warming of more than 1oC (Figure 8). In the Basin, the last six 

years have had average temperatures at least 1oC above the 1961-1990 average, with 2018 

and 2019 being the two warmest years on record. During droughts we often see below 

average overnight temperatures due to clear skies. These low overnight temperatures 

contrast with the above-average daytime temperatures, resulting in an increase to the daily 

temperature range. The rising trend due to climate change means that droughts now sit on a 

substantially warmer base period and both maximum and minimum temperatures are hotter 

than average in most years.  

 

Figure 8. Anomaly of annual mean temperature across the Murray–Darling Basin. Based on 30-year climatology 

(1961-1990).  
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3.3 Outlook for climate change impacts on water resources in the Basin 

The rainfall and temperature trends and projections described above indicate that many 

existing hydrological stresses are likely to be exacerbated in the future. This will impact 

communities, industries and environments that are heavily dependent on water.  

The projected increase in temperatures will result in increased potential evapo-transpiration. 

This in turn will result in the more rapid drying of soils and increased losses from the 

surfaces of water bodies.  

This projected decrease in soil moisture will result in decreased runoff, ultimately resulting in 

less rainfall ending up in rivers and storages. The higher potential evaporation associated 

with each 1oC warming will reduce annual runoff by two to five per cent —although some 

studies report bigger reductions (Chiew, 2006; Cai and Cowan, 2008; Potter et al 2008). 

In recent decades, the relationship between rainfall and runoff has been observed to change 

in some catchments. In these affected catchments the amount of runoff generated has 

decreased when comparing periods of similar rainfall within the same catchment. In Victoria, 

one third of catchments that experienced the change in rainfall-runoff relationships after the 

Millennium Drought have not returned to pre-existing conditions. This catchment behaviour 

poses additional stress to water availability under projected climate scenarios. This 

phenomenon is due to complex catchment processes that are still the subject of study, but 

may be explained by factors such as changes to seasonality of rainfall (i.e. less cool season 

rain), low frequency dynamics within a catchment's baseflow, fewer high rainfall events, and 

increased temperatures and evapotranspiration (Potter & Chiew, 2011).  

Given the absence of long-term historical streamflow data to match the climatic record, the 

use of models to understand historical hydrological droughts is practical. The Australian 

Water Resource Assessment Landscape Model (AWRA-L) takes historical rainfall data and 

simulates the flow of water into vegetation and the soil, across the landscape as runoff, deep 

drainage to groundwater and evaporation back to the atmosphere. The model is calibrated 

against measured observations to ensure it is an accurate representation of the real world. 

Analysis of each year on record for runoff presents each year's area average runoff relative 

to long-term average (Figures 9 and 10). The model results demonstrate the highly variable 

hydrology within the Basin. The northern Basin is characterised by periodic extreme runoff 

events amid generally low-runoff conditions. The southern Basin shows more consistent 

runoff deficiencies since 1997. Wet years can still occur, even during periods of drought.  

Runoff in the northern Basin is highly variable but on average is higher in late summer and 

autumn, following summer rainfall. Some northern Basin catchments have large headwater 

storages to regulate the delivery of water, while some have little or no instream regulation. 

Runoff in the northern Basin is less seasonal and more reflective of the boom and bust 

nature of floods and droughts (Figure 9). It is not uncommon for northern Basin catchments 

to receive no inflows during droughts, and floods can occur during the cool season (such as 

2016) and in the warm season (such as 2010-11). 

 

http://www.bom.gov.au/water/landscape
http://www.bom.gov.au/water/landscape
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Figure 9. Runoff anomaly (mm) relative to the historical record mean (1911-2019), estimated by the Australian 

Landscape Water Balance for Land (AWRA-L) for the northern Basin. Horizontal axis is year of record.  

 

The majority of runoff in the Murray–Darling Basin is generated in headwater catchments on 

the western slopes of the Great Dividing Range. Some streamflow is captured in major 

headwater storages during the cooler months when demand is low and released during the 

summer months when agricultural demand is high.  While runoff and system inflows are 

highly variable from year to year across the Basin, they are far more seasonal in the 

southern Basin, where some inflows are received during the cool season, even during 

droughts. The observed and projected reduction in cool season rainfall outlined above will 

therefore continue to have an acute impact on long-term water availability as this rainfall 

drives the most reliable river systems. 

 
Figure 10. Runoff anomaly (mm) relative to the historical record mean (1911-2019), estimated by the Australian 

Landscape Water Balance for Land (AWRA-L) for the Southern basin. Horizontal axis is year of record.  
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3.4 Increased fire danger 

The combination of increasing average temperatures and increasing temperature extremes 

coupled with less reliable cool season rainfall is expected to result in harsher fire conditions 

into the future.  

Fire weather is largely monitored in Australia using the Forest Fire Danger Index (FFDI). 

This index estimates the fire danger on a given day based on observations of temperature, 

rainfall, humidity and wind speed. The annual 90th percentile of daily FFDI (i.e. the most 

extreme 10 per cent of fire weather days) has increased in recent decades across the Basin 

(Figure 11). Fire weather typically occurs in the Basin during the spring and summer months. 

Some south-eastern parts of the Basin are now seeing fire seasons starting two to three 

months earlier than previously. Climate change, including increasing temperatures, is 

contributing to these changes. Considerable year to year variability also occurs, with La Niña 

years, for example 2010–2011 and 1999–2000, generally associated with a lower number of 

days with high FFDI values.  

 

Figure 11. Trends from 1978 to 2017 in the annual (July to June) sum of the daily Forest Fire Danger Index. 

Positive trends, shown in the yellow to red colours, are indicative of an increasing length and intensity of the 

fire weather season. Areas with sparse data coverage such as central parts of Western Australia are faded.  
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Extensive areas in southern headwater catchments were impacted by fires in late 2019 and 

early 2020 (Figure 12). The major storages in the southern Basin affected were Lake Hume 

where 60 per cent of the catchment was impacted by fire and the upper Murrumbidgee 

storages on the Tumut River where more than 90 per cent of several storage catchment 

areas were impacted by fire. Short term impacts of fire include an increase in turbidity from 

ash and silt, which can impact water quality. These impacts will be disproportionally more 

pronounced in storages with already depleted volumes. In the longer term, as catchments 

regenerate, the rainfall-runoff relationship may change. These impacts can persist for 

multiple years while catchments recover, or forever.  

 

Figure 12. Areas affected by fire between June 2019 and January 2020 and the Murray–Darling Basin. Data is 

sourced from ARCGIS online (ACT ESA; NSW RFS; QLD FES; SA CFS; VIC EMV). The significant burnt areas in 

storage catchments will likely impact water quality, followed by an altered rainfall-runoff relationship for 

multiple years.  

 

3.5 Groundwater 

An analysis of groundwater recovery peaks for 2018-2019 in the Murray–Darling Basin show 

groundwater levels across major productive aquifers at historically low levels (Figure 13). 

The 20-year trend (1999-2019) in groundwater level recovery peaks shows that many bores 

in the highly productive, alluvial resources such as the Namoi, Lachlan and Murrumbidgee 

Alluvium are declining (Figure 14). Bores associated with saline groundwater resources or 

less productive aquifers, where water quality limits groundwater use, are essentially stable 

over the same period. 

Groundwater peak recovery indicates the relationship between natural recharge and/or 

pressure recovery and demands on the groundwater sources. Aquifer systems are being 

impacted by low rainfall and stream recharge, and by increased pumping for consumptive 

use when surface water supplies are low. Thus, less water is getting into aquifers and 

aquifer systems are under further stress due to increased extractions. The few bores with 

very much above average to highest on record levels and rising trends may reflect land 

clearing, irrigation, bore capping in the underlying Great Artesian Basin (GAB) or other 

longer-term effects. 
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A groundwater hydrograph for a bore in the Namoi Alluvium is shown in Figure 15 to 

illustrate the typical patterns for groundwater levels in the highly productive, alluvial 

resources, which put the conditions for the recent years in a historical context. The 

hydrograph shows the decrease in levels during the Millennium Drought (2001-2009), then a 

recovery following the La Niña event in 2010 due to both increased recharge associated with 

heavy rainfall and flooding, and decreased pumping. The most recent recovery peak is as 

low as the levels observed at the end of the Millennium Drought. 

Until surface water supplies are replenished, higher levels of groundwater extraction are 

likely to continue, and groundwater levels will likely remain low or may decline further. 

Typically to improve groundwater conditions following a drought, a prolonged period of very 

much above average rainfall is needed, such as during the La Niña event in 2010-2011. 

 

 
Figure 13. Ranking of 2018-2019 annual 
groundwater level peak recovery against historical 
peaks 

Figure 14. 20-year trend (1999-2019) of annual 
groundwater level peak recovery 

 
Figure 15. Groundwater level hydrograph for bore GW030223.2.2 in the Namoi Alluvium (Gunnedah 
Formation), NSW, showing the recovery peaks in Orange 
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4. Further information 

Data used in this statement is current as of 20 June 2020 and is subject to the Bureau's 

routine quality control processes. Maximum temperature observations prior to 1910 have not 

been used unless it is known that they were measured using standard equipment 

comparable to post-1910 standards.  

Further information is available from:  

www.bom.gov.au/climate 

www.bom.gov.au/water/  

Australia's changing climate: 

www.bom.gov.au/state-of-the-climate/ 

Monthly Drought Statement: 

www.bom.gov.au/climate/drought/ 
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