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Future projections of rainwater tank outcomes for
Brisbane under climate change scenarios

ABSTRACT

In recent decades,  rainwater harvestin g is being constantly promoted to relieve the pressure 
on water authorities,  decrease the peak flow volumes in urban areas and enhance the 
sustainability of this precious resource.  Various incentives and rebates are also being 
provided to the people for installing a rainwater harvesting system   ( RWHS) to increase its 
acceptance.  T here have been numerous studies related to the financial and environmental 
benefits of adopting an RWHS.  However, research related to the effects of climate change on 
RWHS is still limited.  Climate change will probably alter the rainfall pattern and this   will 
likely  affect the performance of an RWHS.  This paper aims to analyse the future rainwater tank 
outcomes in north Brisbane  under impending climate change scenario s .  Two  greenhouse gas  
emission scenarios ;  RCP4.5 and RCP8.5 are considered.  The future  daily bias-corrected 
dynamically downscaled rainfall data from 3  CMIP5  G lobal  c limate   m odels   ( ACCESS1.0, 
ACCESS1.3 and Mk3.6) for 3 distinct future periods like near future   ( 2020-39), intermediate 
future   ( 2050-69) and distant future   ( 2080-99) are fed into  a modified daily water balance 
model   ( eTank) to calculate the rainwater tank outcomes.  Three climatic years   ( dry, average 
and wet) in each future period are considered.  The outcomes are calculated for a roof area  
 ( 200m 2 ), water demand   ( 400L/day) and  two  t ank sizes   ( 5kL and 10kL). These outcomes are 
then compared to current outcomes based on historical rainfall data.  It is found that annual 
water savings will decrease in average and wet climatic years in  all the future periods 
irrespective of model and emi ssion scenario.   Contrary to it, annual water savings will increase 
in dry years.  However,  it should be noted that  not all the models co ncurrently  predict an incre 
ase in both the scenarios and/or future periods.

INTRODUCTION

A severe shortage of water is  currently being experienced  in many countries of the world.  The major 
reasons behind this scarcity are the constantly increasing population,  water pollution,  rapid urbanisation  
and booming industrialisation.   It is found that around two-thirds of the glob al p opulation  live under 
conditions of severe water shortage  in  at   least one month of the year   ( Mekonnen and Hoekstra 2016).  
Future projections show that the world population is expected to undergo significant changes in the 
coming decades.   For instance,  t he world population is predicted to grow from 7.7 billion in 2019 to 9.7 
billion in 2050 and 10.9 billion in 2100   ( UN 2019).   Due to which the water demand will drastically 
increase across the world.   Some countries are extracting groundwater where surfa ce  water is not 
sufficient to fulfil  the current water demand.  However, this overuse of groundwa ter has resulted in a 
fall  of the groundwater table in these countries and it now re quires an advanced and costly  extraction 
process to extract the groundwater.

Moreover , emerging impacts of global warming and climate change have contributed to  putting  further 



stress on urban water authorities that are already struggling to satisfy the water demands due to uncertain 
weather conditions which often turns  out to be  extreme like drought.     ( Chiew and McMahon 2002) 
studied the likely impacts of climate change on runoff, evapotranspiration and soil moisture in Australia 
and found that the changes in the rainfall are amplified in runoff and significant changes in runoff  are 
expected to occur in future.  It should be noted that t he effects of climate change have started becoming 
apparent on different climate variables like temperature, precipitation and evaporation, relative 
humidity, surface wind and solar radiation.  Som e areas are witnessin g higher than usual temperature, 
precipitation and evap oration, whereas, others are  experiencing lower than usual temperature,  
precipitation and evaporation.

This difference is likely to get wider in future and may affe ct the water dem and and supply.  According 
to global climate models, global mean air temperature is predicted to increase by 1.5 0 C to 4.5 0 C in a high 
greenhouse gas emission scenario   ( IPCC 2013).  Due to climate change, atmospheric water storages are 
likely to get affecte d which in turn would change the intensity and magnitude of future rainfall  
 ( Middelkoop et al. 2001).  In an Australian study, it was found that climate change is a crucial factor 
for the reduction in catchment water yield   ( Haque et al. 2015).   ( Nkonya et  al. 2018) showed that climate 
change may reduce the yield of staple food crops in countries like Mali and Nigeria by 20% in 2050 
compared to their levels in 2000 .   Hence, we can see that climate change issues are extremely important, 
cannot be ignored and  should be addressed diligently to ensure a sustainable future for this invaluable 
resource.

The water supply infrastructure is only  a  part of the solution when it comes to meetin g the needs of cities. 
Also, when ci ties grow and require more water, the n ee d for additional resources  be come s  inevitable. 
To meet this growing demand, the government authorities are trying to promote alternative sources of 
water such as greywater recycling, wastewater recycling and stormwater harvesting.  Since the 
rainwater is  relatively clear of impurities, it is preferred more than all other alternatives.  A rainwater 
harvesting system   ( RWHS) not only saves the potable water supplied by the water authorities but also 
reduces the volume of surface runoff into the drainage and s ewer networks, especially duri ng initial 
bursts.   There have been numerous studies on different aspects of an RWHS like the financial and 
environmental benefits   ( Villarreal and Dixon 2005, Ghisi et al. 2007 and Ghisi et al. 2009), the optimum 
size of rainw ater tanks   ( Fewkes 199 9 , Imteaz et al. 2012, Santos and Pi nto 2013  and Khan and Imteaz 
2020 ) and  the pa yback period   ( Chilton et al. 1999 , Khastagir and Jayasuriya 2011, War d et al. 2012  and 
Karim et al. 2015) in different countries of the world.

M any peopl e are apprehensive about the initial cost of instal ling an RWHS and due to this reason, the 
government offers  various incentives and rebates that can help minimise its cost.   However, a  study 
carried out at 10 different locations in Greater Sydney showed t hat the rebat e  provided by  the 
government is not sufficient enough to push the homeowners towards the installation of an RWHS  
 ( Rahman et al. 2012).  A variable rebate scheme was then suggested based on the annual water savings 
at different locations within  the metropolitan area of Sydney   ( Imteaz and Mo niruzzaman 2018).  It can 
likely  be a remunerative scheme for the homeowners and certainly an optimisation of the 
governmen t ’ s spending on rebates for promoting the adoption of an RWHS.  (Tam et al. 2010) look ed 
at the cost-effectiveness of rainwater harvesting in 7 major Australian cities.  He found it to be an 
economical option for 3 Australian cities that are Brisbane, Gold Coast and Sydney.

Most of the above-mentioned studies used the historical rainfall da ta to calculate the various outcomes 
like annual water savings, reliability and payback period.  However, this does not represent the true 
picture of the likely outcomes in the future due to the onslaught of climate change.  (Haque et al. 2016) 
used the pr ojected rainfall data to calculate the annual water savings, reliability and water security in 
the near future in Sydney.  They reported that a reduction in the amount of water savings and reliability 
is expected to occur in the near future.  On the other  hand, (Imteaz et al. 2021) studied the impacts of 
climate change in three future periods for a capital city i.e., Adelaide  and found that varying outcomes 
without any general trend are expected to occur in future based on emission scenario, future period 
a nd climatic condition.  It is important to note that   t he results for one location can not be transferred to 
another location as  the impacts  of climate  change may not be   the  same  at different locations  and 
Brisbane even after being the 3 rd  most major city of  Australia has witnessed scant research dealing with 
the impacts of climate change  in Brisbane .    Moreover,  both the previously mentioned studies used the 
projected rainfall data  from a single global climate  model   ( GCM) and it is generally recommended that 
an ensemble of GCMs should be used as different GCMs have different outcomes in terms of rainfall. 



In the present study, future daily dynamicall y downscaled rainfall data for N orth Brisbane from three  
CMIP5  GCMs   namely  ACCESS1.0, ACCE SS1.3 and Mk3.6  are  u sed to evalu ate the rainwater tank 
outcomes. The outcomes from this research will help the end - users get an idea of the future performance 
of the rainwater tanks and will help them decide on an optimum size  of rainwater tank in the wake  of 
climate change.

METHODOLOGY

A modified version of the previously developed daily water balance model, eTank   ( Imteaz et al. 2017) 
was used to evaluate the outcomes of the rainwater tank.  In the original model, the water demand  
 ( indoor and outdoor)  was considered  collectiv ely  as a bulk that was  deducted daily from the 
accumulated water or town water supply regardless of rain.  However,  it  might yield unrealistic results 
as there is no requirement for water outdoor when it rains  sufficiently .  Therefore, to achieve better an  
d accurate results, the demand in the original model was split into indoor and outdoor wherein, the 
indoor demand was consider ed as constant irrespective  of rain.  On the other hand, the outdoor demand 
was dependent on rain and was not executed  when it has  rained over a decent amount   ( 10 mm o r more). 
The input variables in this model are the daily rainfall, roof area, water demand   ( indoor and outdoor), 
tank size and the losses that occur while the runoff from the roof goes into the rainwater tank.  (Thomas  
and Martinson 2007) mentioned in their study that the coefficient of runoff should be adopted as 0.85 
to cater for the losses.  Hence, 15% loss totalling spillage, leakage, first flush and evaporation was  
adopted  in this study.  The model can calculate th e water savings, overflow, town water use, reliability 
and volume of water used outdoors.  However, as the main objective of this study was to get an idea of 
the performa nce of the rainwater tank, therefore , only annual water savings and reliability  were 
c alculated for the  historical and  the future period   ( RCP4.5 & RCP8.5).  The detailed mathematical 
procedure and logical sequence of this model can be found in (Imteaz et al. 2017).   To make it clear 
and simple, the rainwater tank outcomes were only calcula ted for two commonly used tank size s   ( 5kL 
and 10kL), roof area (200m2) and water demand (indoor-200L/d and outdoor-200L/d).

STUDY AREA AND DATA

The study was carried out for the third major city in Australia i.e., Brisbane  that has a humid subtropical 
clim ate .  A station  named Toombul bowls club   ( Station ID-040237) in the northern direction of 
Brisbane  was selected based on the availability of daily rainfall data for a longer period   ( 70 years ) . 
Good quality  historical  precipitation data is available at the  bureau of meteorology website  
 ( http://bom.gov.au/climate/data/index.shtml) and was downloaded for the above-mentioned station.  
The  high-resolution climate change projections for Queensland using  dynamical downscaling of CMIP5 
GCMs  are available for download with a spatial resolution of 10km at Queensland government future 
climate website   ( https://longpaddock.qld.gov.au/qld-future-climate/data-info/tern/).  Projections for 
daily precipitation are bias-corrected against observations and are available for both moderate and high 
greenhouse gas emission scenarios i.e., Representative Concentration Pathways(RCP) 4.5 and 8.5  
respectively.  The data format is Network Common Data Form   ( NetCDF) which is the standard used 
for climate modelling and forecasting.  This data was converted into a tabular form using software i.e., 
ArcGIS.  

The rainwater tank outcomes were calculated f or the historical period and three distinct future periods 
like near future   ( 2020-39), intermediate future   ( 2050-69) and distant future   ( 2080-99) for both the 
emission scenarios   ( RCP4.5 and RCP8.5) using the projected data from three GCMs   ( ACCESS1.0, 
ACCES S1.3 and Mk3.6).  In both, historical and future periods, three different climatic conditions like 
dry, average and wet years were adopted after doing statistical analysis of the rainfall data.  These years 
were selected based on the percentile value of an nual rainfall.  For example, a year having annual 
rainfall closer to 10, 50 and 90 percentile was defined as a dry, average and wet year respectively.  A 
single year can represent an unrealistic rainfall pattern   ( i.e., sporadic bursts and/or longer dry spe lls). 
As such, 2 additional years were selected for each climatic condition such that the annual precipitation 
in one year is immediately higher and the annual precipitation in the following year is immediately 
lower than the annual precipitation in the d efined dry, average and wet year.  The averages of rainwater 
tank outcomes calculated using eTank for three such years were adopted as final outcomes.  To 
understand the future performance of an RWHS, the outcomes in the future periods in both the emission  
scenarios from all the GCMs were compared with the historical outcomes for the corresponding climatic 
years.  

http://bom.gov.au/climate/data/index.shtml
https://longpaddock.qld.gov.au/qld-future-climate/data-info/tern/


RESULTS AND DISCUSSIONS

The daily rainfall data (historical and future) for each climatic year and emission scenario was fed into 
the daily wa te r balance model i.e., eTank and t he rainwater tank outcomes like annual water savings 
and reliability were then calculated for different combinations of tank size, water demand and roof area. 

Table 1. Annual water savings for historical and future periods under different scenarios.

Tank Emission Climatic Current
Size Scenario Year (Historical) ACCESS1.0 ACCESS1.3 Mk3.6 ACCESS1.0 ACCESS1.3 Mk3.6 ACCESS1.0 ACCESS1.3 Mk3.6
5 kL RCP4.5 DRY 71.1 77.8 62.6 62.8 73.6 65.4 65.0 74.7 64.2 58.7

AVG 94.1 75.2 76.5 82.9 79.5 79.8 74.7 76.4 76.3 78.2
WET 96.6 81.4 73.3 89.1 81.3 84.6 80.3 69.1 72.8 83.9

RCP8.5 DRY 71.1 69.3 84.5 77.2 68.3 78.9 63.0 75.1 70.8 54.6
AVG 94.1 76.0 89.5 83.9 74.9 76.0 74.4 83.6 71.5 70.7
WET 96.6 74.5 88.7 88.2 74.3 85.1 81.8 68.8 83.3 76.3

10 kL RCP4.5 DRY 90.1 92.3 74.1 73.6 92.4 76.0 78.3 90.4 74.7 76.4
AVG 112.7 89.3 90.5 99.9 96.5 103.0 91.3 92.1 93.8 90.4
WET 112.6 97.6 89.8 108.1 94.1 104.2 102.7 85.0 90.8 105.7

RCP8.5 DRY 90.1 84.4 102.2 92.7 82.4 95.3 76.8 88.2 89.1 61.6
AVG 112.7 93.0 111.7 100.8 87.8 92.1 92.6 101.3 87.3 85.3
WET 112.6 92.1 107.9 103.2 90.1 104.8 100.3 79.3 103.3 96.0

Annual Water Savings(kL)
Near Future(2020-39) Intermediate Future(2050-69) Distant Future(2080-99)

Annual water savings

Table 1 shows the annual water savings for historical and future periods under each climatic condition 
for both the tank size and emission scenarios.  The bold highlighted values denote an increase in the 
a nnual water savings compared to historical savings.  It can be seen in the table that the annual water 
savings in the average and wet years are expected to decrease in all the future periods regardless of 
model and emission scenario.  However, the water sa vings are expected to increase in the dry years. To 
be precise, in the RCP4.5 scenario, the savings are expected to increase in all future periods for both 
the tank size as predicted by ACCESS1.0.  Whereas, in the RCP8.5 scenario, the savings are expected  
to increase in the near future as predicted by ACCESS1.3 and Mk3.6 and in the intermediate future as 
predicted by ACCESS1.3 for both the tank size.  The water savings are also expected to increase in the 
distant future for a 5kL tank in the RCP8.5 scenario  as predicted by ACCESS1.0.   To limit the repetition 
of similar charts, they are only shown for one tank size   ( 5 kL ) for the RCP4.5 scenario in the near future  
(figure 1), Intermediate future (figure 2) and distant future (figure 3).

Figure 1. Historical and future annual water savings in the near future (2020-39).



Figure 2. Historical and future annual water savings in the intermediate future (2050-69).

Figure 3. Historical and future annual water savings in the distant future (2080-99).

The reducti on in the annual water savings in most cases can be attributed to the reduction in the amount 
of annual rainfall in the future due to the onslaught of climate change.  However, this is not true in all 
cases, for instance, in the RCP4.5 scenario for a wet y ear in the distant future, even with an increase in 
the amount of rainfall that is predicted by ACCESS1.0, the annual water savings have still decreased as 
compared to the historical savings.   Similarly, in the RCP4.5 scenario for dry years in the 
interme diate and distant future, although the amount of annual rainfall has decreased as predicted by 
ACCESS1.0, the annual water savings have still increased.  Hence, it can be concluded that the water 
savings not only depends on the amount of rainfall but also  depend on the distribution pattern of the 
rainfall.  It is interesting to note that even with a 10kL tank in an average and wet year in the future, it 
is not possible to reap the same amount of historical savings as that of a 5kL tank in most cases.

Table 2. Reliability for historical and future periods under different scenarios.



Tank Emission Climatic Current
Size Scenario Year (Historical) ACCESS1.0 ACCESS1.3 Mk3.6 ACCESS1.0 ACCESS1.3 Mk3.6 ACCESS1.0 ACCESS1.3 Mk3.6
5 KL RCP4.5 DRY 52.8 58.0 46.7 46.5 55.1 44.7 47.8 54.3 46.3 45.5

AVG 73.3 61.1 62.1 66.8 63.2 60.7 57.3 60.0 57.0 62.3
WET 82.8 65.8 61.0 76.9 69.0 70.5 64.3 61.4 63.6 66.8

RCP8.5 DRY 52.8 49.8 64.6 59.4 50.5 57.1 46.8 56.7 52.4 37.6
AVG 73.3 58.4 72.2 70.0 59.4 58.3 55.7 65.0 56.1 51.7
WET 82.8 62.3 75.5 74.2 64.6 70.5 69.5 64.4 70.3 61.5

10 KL RCP4.5 DRY 62.0 68.7 53.8 52.6 64.9 51.2 56.2 64.3 52.7 56.5
AVG 82.9 66.6 71.1 77.4 71.4 74.2 68.2 68.6 66.8 69.2
WET 91.1 73.2 70.7 88.2 76.0 81.1 79.0 69.0 73.4 79.8

RCP8.5 DRY 62.0 57.4 74.3 69.4 60.5 66.2 54.5 63.7 62.9 41.6
AVG 82.9 66.5 81.9 80.5 65.8 68.1 67.2 74.6 63.3 62.2
WET 91.1 70.6 87.3 81.4 73.3 82.3 81.0 68.0 81.6 73.2

Reliability(%)
Near Future(2020-39) Intermediate Future(2050-69) Distant Future(2080-99)

Reliability

Table 2 shows the reliability for historical and future periods under each climatic condition for both the 
tank size and emission scenarios.  As previously mentio ned, the bold highlighted values denote an 
increase in the reliability compared to the historical reliability.  The reliability results are quite similar 
to the annual water savings results as it can be seen in the table that the reliability is also expect ed to 
decrease in average and wet years in all the future periods regardless of model or emission scenario. 
On the other hand, an increase in reliability in the dry years is expected to occur in all future periods. 
However, not all the models predict an  increase in both emission scenarios concurrently.  According to 
ACCESS1.0, reliability is expected to increase in the near future and intermediate future for the RCP4.5 
scenario.  Whereas, the same model predicts an increase in the distant future in both e mission scenarios. 
ACCESS1.3 predicts an increase in the near and intermediate future for the RCP8.5 scenario.  Lastly, 
Mk3.6 predicts an increase only in the near future for the RCP8.5 scenario.

CONCLUSIONS

Due to the onslaught of climate change, the per formance of a rainwater harvesting system   ( RWHS) is 
going to get affected in future.  In this study, the impacts of climate change on the future performance 
of an RWHS in the third major city of Australia i.e., Brisbane have been investigated.  A modified  
version of an earlier developed daily water balance model   ( eTank) that is widely used in many countries 
of the world has been used to evaluate the rainwater tank outcomes like annual water savings and 
reliability.  The historical daily rainfall data was do wnloaded from the bureau of meteorology website 
and the dynamically downscaled future daily rainfall data from three CMIP5 global climate models  
 ( ACCESS1.0, ACCESS1.3 and Mk3.6) was downloaded from the Queensland government future 
climate website.  The out comes were calculated for the historical period and three distinct future periods 
like near future, intermediate future and distant future under two greenhouse gas emission scenarios  
 ( RCP4.5-optimistic scenario and RCP8.5-pessimistic scenario).  Three clim atic years like dry, average 
and wet years were selected after doing the statistical analysis of the rainfall data.  The outcomes were 
calculated for two standard tank size s   ( 5kL and 10kL), one roof area   ( 200m 2 ) and one water demand  
 ( indoor-200L/d and outd oor-200L/d).  The historical and future outcomes were compared against each 
other to get an idea of the future performance of an RWHS.  

The results show that the performance of an RWHS is going to get negatively affected in average and 
wet years in all th e considered future periods.  These results are irrespective of the emission scenario 
and the global climate model   ( GCM).  However, the performance is expected to improve in the dry 
years for most cases mainly owing to an increase in the future rainfall in  the dry years.  It should be 
noted that the improvement is not predicted collectively by all the GCMs for both the emission scenarios. 
Rather, in the RCP4.5 scenario, the performance is predicted to improve only by ACCESS1.0 and in 
the RCP8.5 scenario, t he performance is predicted to improve by ACCESS1.3 and Mk3.6.  One more 
thing is interesting to note that even with a 10kL tank in an average and wet year in the future, it is not 
possible to reap the same amount of historical savings as that of a 5kL tan k in most cases.   The outcomes 
from this study will help the end-users get an idea of the future performance of the rainwater tanks and 
will help them decide on an optimum size of rainwater tank in the wake of climate change.
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