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Executive Summary 
Flow changes in the northern system and water entering to the Menindee lakes system are strongly 
influenced by a number of factors, including climate change and variability, river regulation, land use, 
and irrigation development. This report provides a hydrological analysis on the assessment of 
changes in flow due to effects of climate change and variability, as well as other factors, including 
river regulation.  This analysis is based on available historical data for rainfall and flow.  

Rainfall data between 1900 and 2015 was analysed to understand the various rainfall patterns with 
the cumulative sum (CUSUM) of deviation from the mean annual rainfall. Key findings include: 

• during the water year of 1945-46, northern Basin catchments experienced a point of change,  
• from 1925 to 1945, a strong negative (drying) trend was occurring in these catchments,  
• between 1945 until 1975, the rainfall changed to a strong positive (wetting) trend, 
• the positive trend is slightly weakened by a dry spell in 1960’s, especially for the northern 

Queensland catchments and less severe in the eastern NSW catchments,  
• from the mid-1970’s, there is no strong trend, however, dry spells are getting longer, and 
• the average climate conditions during the Millennium drought are not worse than those 

observed before 1945. 

 

Figure 0: Annual rainfall for the Northern Basin with cumulative sum of deviation from long term averaged rainfall 

In order to isolate the effects of climate change and variability from other factors affecting flow 
changes, the upper parts of catchments are reviewed firstly where hydrologic characteristics are less 
influenced by water resource development so that rainfall driven changes in streamflow can be 
quantified. As expected, flow responses to rainfall are significantly reduced during the droughts 
before 1945 and after 2000. Compared to the drought prior to 1945, flows were affected more 
severely during the millennium drought. This may be due to changes in land use and localised scale 
development in the upper parts of catchments. However, there are also different patterns in climate 
conditions found in recent years, which can contribute to the different flow responses. Although 
annual total rainfall post 2000 was similar to the long run average, average rainfall between March 
and September was reduced. This provides less favourable conditions for saturating the ground and, 
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therefore, less primed for generating runoff during the following wet season. There are also some 
signs of less intense rainfall events making a greater contribution to total rainfall during this period.  

When rainfall-flow responses are compared between upper Namoi at North Cuerindi and Barwon 
River at Bourke, it shows that there is a sign of bigger impacts on the flow at Bourke during the 
recent drought, than compared to the pre-1945 one. As there was not much development before 
1945, it indicates that the flow reduction in recent years along Barwon River is also due to other 
factors besides climate change and variability, such as increased river regulation and irrigation 
development.  

Even though there are some sub-annual scale analysis conducted, the majority of assessment was 
done at an annual scale, which is useful for understanding the overall patterns. However, much finer 
resolution analysis would be required to quantify contributions due to other factors, such as 
embargoes on water sharing plans, extractions and river regulation. To quantitatively answer these 
questions, a range of different flow regimes would need to be assessed across the northern Basin. To 
allow this to occur, some missing gaps in data availability should be filled, including: 

• inadequate reliable and continuous flow data with good spatial coverage covering periods of 
pre-1945 dry periods 

• if the data is not available due to geographical issues, an alternative approach to confidently 
derive ungauged catchment inflows 

• diversions and other water use data with their taking locations in small temporal resolutions  
• history of land use changes 
• farm dams and harvesting rainfall runoffs. 

Due to data availability, the analysis undertaken in this report is limited to the comparison between 
one small catchment upstream of Keepit Dam and the catchment upstream of Bourke. It indicates 
that climate change and variability appear to be a significant contributing factor, but water resource 
development and regulation also influence flow within the northern Basin. In the absence of long 
term data on flows, alternative approaches may need to be explored to strengthen findings from this 
report. These include satellite data, Australian Government Bureau of Meteorology landscape water 
balance models or statistical approaches. 
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1 Introduction 
Flow changes in the northern system and water entering into the Menindee Lakes are potentially 
influenced by a number of factors including climate change and variability, river regulation, water 
use, land use, and irrigation development. To understand the nature of flow changes, a couple of 
studies were recently completed by the MDBA (MDBA, 2017 and 2018). 

The MDBA (2017) reviewed historical flow data available for a long period of time and compared it 
with modelled flows under without development conditions to analyse long-term trends in flows. 
Even though the without development flows are based on models in which some uncertainties are 
embedded, they are very useful with providing a good indication of how flows have changed due to 
river regulation and other developments. The report showed that some changes in flow are related 
to climate change and variability. However, quantifying the impact of other factors was not 
conducted due to lack of available data. 

The MDBA (2018) also analysed low flow and small fresh events, being less than 2,000 ML/day, using 
historical data along the Barwon-Darling River from 1990-2017. This report found that some flow 
events post-2000 have been reduced significantly compared to pre-2000, and highlighted the 
importance of implementing the northern Basin toolkit measures to maintain key ecological 
functions at critical times. The flow data reviewed in that study extended over the last 27 years, 
however this time period is still not long enough to quantify the impact caused by different factors.  

A study by University of Melbourne (Saft, et. al., 2015) highlighted that a drought can result in runoff 
reductions. It also showed that a prolonged drought can change hydrological behaviours in a 
catchment leading to larger reductions in runoff compared to a single year (or short) droughts. 

In this report, results from a review of trends and patterns in rainfall and flows are presented, 
including an approximate quantification (at least in a descriptive manner) of two of the main 
contributors to the changes in flows in the northern Basin. The two components of the analysis are: 

• Rainfall data analysis to quantify whether there are any differences in climate sequences and 
rainfall patterns over the period of recorded data.  

• Analysis of rainfall and flow data from upper parts of catchments with minimal water 
resource development impacts to see if there are any differences in flow response over time.  
A similar analysis was also conducted at Bourke on the Barwon Darling to get an approximate 
estimate of impacts due to climate change and variability relative to that which might be due 
to river regulation and irrigation development in upstream catchments.   
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2 Rainfall changes in the northern 
Basin 

The Australian Government Bureau of Meteorology (BoM) publishes information from a number of 
gauging stations which measure daily rainfall amounts (http://www.bom.gov.au/climate/data). BoM 
also publishes rainfall data in a gridded format which is based on an interpolation technique of 
historical measurements to assign rainfall values on the grid for every day from the year 1900. 

The measurements at gauging stations are regarded as the best information available to analyse 
changes in rainfall patterns. However, it is difficult to find enough data to represent the whole 
northern system with a long period of continuous recording and good spatial representation. 
Without sufficient coverage, it can bias overall findings to local impacts when a small number of 
gauging stations are used. Therefore, a trend assessment at an annual scale was conducted using the 
gridded data set.  

Even though the gridded data is good for finding a trend, it tends to over-estimate daily rainfall at a 
lower range, typically < 5 mm/day, due to the interpolation used. Analysis at a daily scale was 
performed with the measurements at gauging stations. There are eight stations selected, which are 
mostly located in upper parts of catchments (Figure 1) and have a long period of recording. In 
general, there are gaps in the measurements for mostly short periods. There are also some records 
measured over more than a single day, leading to a relatively large rainfall in a day and no records for 
previous days. One measurement for multiple days is not critical for annual comparison. However, it 
can introduce a bias in daily data analysis. Therefore, Scientific Information for Land Owners (SILO) 
patched point datasets were used to fill the gaps.  

 

http://www.bom.gov.au/climate/data
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Figure 1: Rainfall stations inspected in the northern Basin 

 

2.1 Annual changes 
The gridded data is generated by BoM using a sophisticated analysis technique applying a weighted 
averaging process to the station data. Each grid represents an approximately square area of roughly 
5 km2 (0.05 degrees). Using the dataset, Appendix A presents the average rainfall over every decade 
as deviation from the long term average at each grid. This provides a good snapshot of changes in 
climate conditions. It should be noted that the 10 year period may be too short to capture a cycle of 
wet and dry climates, and the 10 year period with a different starting point can lead to slightly 
different outcomes. Appendix A should be used as an indication of changes in climate during each 10 
year period. 

Detailed analysis of annual rainfall and the long term average in the northern Basin is shown in Figure 
2. This figure also includes the cumulative sum of deviation from the mean annual rainfall, that is: 

CUSUM𝑖𝑖 = CUSUM𝑖𝑖−1 + (𝑅𝑅𝑖𝑖 − 𝑅𝑅�), 

where CUSUM𝑖𝑖 is the cumulative sum and 𝑅𝑅𝑖𝑖 is annual rainfall at year 𝑖𝑖, and 𝑅𝑅� is the mean annual 
rainfall. 

In general, significant changes in the slope of the CUSUM curve suggest the existence of different 
trends or patterns. The wet and dry climate sequences in a few years within a long term trend result 
in some small wiggles. These make it hard to detect trend changes especially when wet or dry 
climate conditions are prolonged. When the CUSUM curve reaches a maximum or minimum value 
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and its slope starts to turn over, it strongly suggests the rainfall trend has changed from that year. 
Similar to Figure 2, Appendix B presents annual CUSUM rainfall figures for individual catchments in 
the whole of the northern Basin. 

Key findings from Figure 2 and Appendix B include: 

• during the water year of 1945-46,  the trend changed from dry to wet conditions within 
northern catchments 

• before this water year, a strong negative (drying) trend existed, particularly from 1920 
• between 1945-75, a strong positive (wetting) trend existed 
• the positive trend is slightly weakened by a dry spell in the 1960’s, particularly for the 

Queensland catchments (i.e. Paroo, Warrego, Condamine-Balonne and Moonie)  
• the dry spell in 1960’s is much less severe in the eastern NSW catchments (i.e. Namoi, 

Macquarie-Castlereagh and Lachlan) 
• after the mid-1970’s, there is no strong trend found, however cycles of wet and dry 

sequences are getting longer compared to the dry period pre-1945. 

 

 

Figure 2: Annual rainfall for the Northern Basin with cumulative sum of deviation from long term averaged rainfall 

Table 1 (below) compares average rainfalls for the three periods identified from Figure 2 against the 
long term averages. There is an additional period included to cover the recent drought. As shown at 
Figure 2, the period of 1946-1975 is much wetter than average. The period prior to 1945 is much 
drier than the period post 1976. For the decade of the millennium drought (2000-2009), average 
rainfall was significantly lower. Even though there are some catchments which are much drier than 
the conditions prior to 1945, average climate conditions of the recent drought in the northern 
system are not dissimilar to the previous drought. 
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Table 1: Mean annual rainfall (mm/y) and deviation (%) from the mean over different periods 

Catchment Mean annual rainfall 
(1900-2016, mm/y) 

Deviation from mean (%) 

1900-1945 1946-1975 1976-2016 2000-2009 

Paroo 301 -11% 11% 4% -13% 

Warrego 424 -6% 8% 1% -4% 

Condamine-Balonne 517 -5% 9% -1% -7% 

Moonie 541 -5% 8% 0% -6% 

Border Rivers 641 -5% 6% 1% -7% 

Gwydir 641 -6% 8% 1% -2% 

Namoi 634 -7% 9% 2% 0% 

Macquarie-Castlereagh 524 -9% 12% 2% -4% 

Average 506 -7% 9% 1% -5% 

2.2 Seasonal changes 
In addition to changes to annual rainfall patterns, seasonal changes are also reviewed by examining 
average monthly rainfall for the four different periods. Figure 3 (below) shows results for the Namoi 
catchment. Similar figures for the other northern catchments are shown at Appendix C. 

Consistent with Table 1, this figure shows the lowest annual rainfall prior to 1945 and the highest for 
the period of 1946-1975. There is no significant shift of monthly patterns, even though some 
catchments show a shift of peaks by a month or so. It should be noted that rainfall in the Namoi 
catchment is least affected during the millennium drought compared to the other catchments as 
shown at Table 1.  

In general, the distribution of the average monthly rainfall is much smoother during the period prior 
to 1945 than other periods. That is, the higher amount of rainfall received during the wet season 
(nominally from October to March) is not as pronounced relative to the dry season (April to 
September) prior to 1945 compared to the other periods. More importantly, Figure 3 and Appendix C 
consistently show that the dry season gets drier in recent years. This reduction of rainfall most likely 
leads to less opportunity for the ground to be saturated, thereby potentially reducing the amount of 
runoff during the following wet season. However, the dry antecedent conditions may be counter-
balanced by higher rainfall during the wet season. Consequently, there is a need for more detailed 
analysis to quantify their impacts on river flows. 
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Figure 3: Monthly average rainfall at Namoi for different periods 

 

2.3 Daily rainfall intensity 
Using historical rainfall data measured at 8 gauging stations (Figure 1), annual total rainfall was 
partitioned into three different intensities: < 5 mm/day, 5~15 mm/day and > 15 mm/day (Table 2).  
As expected and shown in this table, intense daily rainfall events (>15 mm/day) are the biggest 
contributor to the annual total rainfall. During the dry season, intense rainfall is relatively reduced 
compared to the wet season, and the mid to low intensity rainfall events contribute more to the 
annual total.  

In general, Table 2 shows that during the period post 1975, there is relatively higher dominance of 
less intense rainfall and contribution from heavy rainfall events are reduced. This is observed most 
strongly in the Border Rivers and Namoi catchments which are hydrologically better connected to the 
Barwon River. Appendix D shows that in the Queensland catchments these patterns are significant 
during the dry season but become less significant for the wet season.  

In conjunction with the above findings in Section 2.2, Table 2 indicates that the general rainfall 
patterns after 1975 include: 

• dry season becomes drier leading to less favourable conditions for runoff to be generated 
during the following wet season 
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• weaker storm events during the wet season (i.e. increased dominance of low to mid intensity 
rainfall and fewer heavy rain events)  

• these two factors are likely to be reducing overall river flows.   

Table 2: Intensity of daily rainfall and its contribution to annual total for different periods and seasons 

Location Period Dry season (Apr – Sep) Wet season (Oct – Mar) 

< 5 
mm/day 

5 ~ 15 
mm/day 

> 15 
mm/day 

< 5 
mm/day 

5 ~ 15 
mm/day 

> 15 
mm/day 

Emmaville 
Post Office / 
Border Rivers 

1900-2016 12% 31% 58% 8% 26% 65% 

1900-1945  10% 27% 64% 7% 24% 70% 

1946-1975 13% 33% 55% 9% 27% 65% 

1976-2016 13% 34% 53% 9% 29% 62% 

Wallangra 
Post Office / 
Border Rivers 

1900-2016 15% 33% 52% 10% 26% 64% 

1900-1945 15% 34% 51% 10% 24% 66% 

1946-1975 14% 28% 58% 9% 25% 66% 

1976-2016 18% 35% 47% 11% 29% 60% 

Keepit Dam / 
Namoi 

1900-2016 15% 36% 49% 10% 29% 61% 

1900-1945 13% 37% 50% 8% 28% 64% 

1946-1975 17% 36% 47% 9% 25% 66% 

1976-2016 16% 35% 49% 12% 35% 54% 

Green cells: above long term average by more than 1% 
Red cells: below long term average by less than 1% 
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3 Flow responses to different 
climate sequences 

In this section, analyses was limited to upper parts of the catchments where water resource 
development and river regulations have had a minimal impact on river flows. There is only one site 
where river flows are measured continuously over a long enough time period to cover the droughts 
before 1945 and after 2000. This site is upstream of Keepit Dam in the Namoi catchment at North 
Cuerindi, where data is available from 1916. 

Figure 4 shows cumulative annual flows against cumulative rainfall at this site. This figure indicates 
an average flow response to rainfall between 1946 and 1999, as the blue line runs almost parallel to 
the red line. The flow response to rainfall is lower for the dry periods prior to 1945 and post 2000, 
and this is more prominent during the recent drought.  

The different responses between the two dry periods may be caused by a number of different 
factors. The different rainfall patterns discussed at Sections 2.2 and 2.3 certainly are contributors to 
the different responses. There may be other factors causing the changes such as different land uses 
and increased development. Due to the limited availability of data, it is not possible to quantify how 
each of these factors may be contributing to these changes at this stage. 

 

Figure 4: Cumulative annual flow (GL) at North Cuerindi compared against cumulative rainfall (mm)  

There is a service available by BoM, known as the Hydrologic Reference Station (HRS) that provides 
long term reliable stream flows across Australia. Stations are screened through strict selection 
criteria when they are not affected by water-related development with reliable recorded data for 
more than 30 years. The HRS network was searched and nine additional stations were found to be 
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suitable for this analysis and within the area of interest (Table 3). Even though daily flow data for 
more than 40 years is available for these nine stations, it is not long enough to cover the drought 
prior to 1945, as well as the recent drought. As a result, it is not possible to fully compare rainfall-
runoff relationships at these stations against the one found at North Cuerindi. As an alternative, 
runoff coefficients (i.e. annual runoff (mm)/annual rainfall (mm) are calculated with the data over 
the common time period. Figure 5 shows typical comparisons, indicating a strong resemblance of 
rainfall-runoff relationship between the selected sites in the HRS network and North Cuerindi. It 
consistently shows significantly reduced runoff responses during the millennium drought. Most of 
the sites in the Condamine-Balonne show some outliers leading to high coefficients due to 
exceptionally high rainfall after 2010 in this catchment. This figure suggests that the reduction of 
runoff response at North Cuerindi is also likely to be present in other similar upstream catchments. 

Table 3: Additional flow gauging stations available 

Catchment Gauging station Drainage area (km2) Data availability 

Border Rivers Haystack 908 1970~ 

Condamine-
Balonne 

Aides Br 648 1969~ 

Allora 256 1969~ 

Clifton 553 1979~ 

Elbow Valley 328 1973~ 

Emu Vale 153 1973~ 

Killarney 32 1973~ 

Swanfels 83 1951~ 

Gwydir Kimberley 249 1971~ 

Namoi North Cuerindi 2510 1916~ 
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Figure 5: Comparison of runoff coefficients between selected sites in the HRS network and North Cuerindi 
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4 Flows along Barwon River 
Similar to the analysis presented in Figure 4, Darling River flow at Bourke was also compared with the 
average rainfall across the northern Basin and this is presented in Figure 6. Due to the water resource 
development and river regulation over the time, significant reductions in flow responses to rainfall 
are observed at Bourke (Table 4). For the recent drought the 55% reduction in flow response to 
rainfall at North Cuerindi becomes a 77% reduction at Bourke. The flow response to rainfall during 
the drought prior to 1945 also show a similar pattern: a 34% reduction in flow response to rainfall at 
North Cuerindi becomes a 47% reduction at Bourke. The differences between the two droughts are 
21% at North Cuerindi and 30% at Bourke. If localised water resource development and land use 
changes are minimal upstream of North Cuerindi, the results in Table 4 suggest that the additional 
9% reduction flow response to rainfall at Bourke in the recent drought would be the result of water 
resource development, river regulation and factors other than climate. Considering that these 
estimates are based on comparing data from one small catchment upstream of Keepit Dam to the 
catchment upstream of Bourke, these conclusions should be taken as indicative only.  

 

Figure 6: Cumulative annual flow (GL) at Bourke compared against cumulative rainfall (mm) across the Northern Basin 

Observed periods of cease to flow at Bourke are presented at Figure 7. These data indicates that dry 
spells were significantly longer during the millennium drought compared to pre-1945 events. 
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Table 4: Reduction in flow responses to rainfall for two dry periods 

Location Drought prior to 
1945 

Drought post 2000 Changes 
between two 

droughts 

Namoi at North Cuerindi 34% 55% 21% 

Barwon River at Bourke 47% 77% 30% 

Difference between the sites 13% 22% 9% 

 

 

Figure 7: Dry spells at Wilcannia (cease to flow measured by days of flows less than 10 ML/day) 
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5 Conclusion 
This report presents an analysis of historical data for rainfall and flow across the northern Basin in 
order to quantify the impact on flows caused by two main drivers – climate change and variability, 
and river regulation and development.  

For considering overall changes in rainfall patterns, gridded data from BoM was also included in the 
analysis. Key findings from the rainfall data analysis include: 

• during the water year of 1945-46, a trend of dry to wet conditions was seen in all northern 
basin catchments 

• from 1925, a strong negative (drying) trend existed 
• between 1945-1975, a strong positive (wetting) trend existed 
• the positive trend is slightly weakened by a dry spell in the 1960’s, particularly so for the 

northern Queensland catchments but less markedly in the eastern NSW catchments 
• from mid-1970’s, there is no strong trend found, however, dry spells are getting longer 
• the average climate conditions during the Millennium drought are not worse than those 

observed before 1945. 

Based on the analysis of flows measured in the upper parts of catchments, where impacts of river 
regulation and water resource development are minimal, it was found that runoff response to 
rainfall was much lower during the recent drought period compared to the pre-1945 drought. This is 
likely to be linked to findings from sub-annual (monthly and daily intensity) analysis. The main 
observations in recent years include:  

• rainfall during cooler months is reduced, while total annual rainfall has not changed 
• there are more days with less intense rainfall and not as much of the total annual rainfall 

comes from high intensity rain events.  

When the flow-rainfall responses are compared between the upper Namoi catchment at North 
Cuerindi and the Darling River at Bourke, it clearly shows signs of bigger impacts on flow at Bourke 
during the recent drought compared with pre-1945. This suggests that the flow reduction in recent 
years along the Barwon-Darling River is the result of river regulation and water resource 
development, as well as different climate sequences. There may also be other contributing factors, 
such as land use changes, which are not examined mostly due to the lack of available data.  

Even though some sub-annual scale analysis was conducted, the majority of this assessment was 
done at the annual scale, which is useful for understanding overall patterns. However, much finer 
resolution analysis would be required to quantify the contribution of other factors such as 
embargoes on water sharing plans, extractions and river regulation. To quantitatively answer these 
questions, a range of different flow regimes would need to be assessed across the northern Basin. To 
allow this to occur, some gaps in data need to be filled, including: 

• reliable and continuous flow data with good spatial coverage covering dry periods pre 1945  
• if the data is not available due to geographical issues, an alternative approach needs to be 

used to confidently derive ungauged catchment inflows 
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• diversions and other water use data, including the location of take, in small temporal 
resolutions  

• history of land use changes 
• farm dams and their role in harvesting rainfall runoff. 

Due to issues with data availability, the analysis undertaken in this report is limited to the 
comparison between one small catchment upstream of Keepit Dam and the catchment upstream of 
Bourke. This analysis indicates that climate change and variability appear to be a significant 
contributing factor, but water resource development and regulation also influence flow within the 
northern Basin. In the absence of long term data on flow, alternative approaches may need to be 
explored. These include the use of satellite data, BoM landscape water balance model or use of 
statistical approaches to strengthen findings in this report. 
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Appendix A 
Deviation from mean annual rainfall 
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Appendix B 
Annual rainfall for all catchments in 
the Northern Basin 
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Appendix C 
Monthly average rainfall for 
different periods 
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Appendix D 
Daily rainfall intensity 
Border Rivers rainfall @ Emmavile Post Office 

 

 

 



 

 
Murray–Darling Basin Authority  Hydrologic assessment of flow changes in the northern Basin            30 

 

 

  



 

 
Murray–Darling Basin Authority  Hydrologic assessment of flow changes in the northern Basin            31 

Border Rivers rainfall @ Wallangarra Post Office 
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Namoi rainfall @ Keepit Dam 
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Macquarie-Castlereagh rainfall @ Hill End Post Office 
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Warrego rainfall @ Augathella Post Office 
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Warrego rainfall @ Cunnamulla Post Office 
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Condamine-Balonne rainfall @ Killarney Post Office 
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Condamine-Balonne rainfall @ Mitchell Post Office 
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