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Abstract

The paper presents potential impacts of climate change on rainwater tanks outcomes such as
water savings, reliability and water savings efficiency under two projected climate change
scenarios; RCP4.5 and RCP8.5 utilising a case study using rainfall data from four stations
within the city of Brisbane, Australia. Historical rainfall data were collected from the Aus-
tralian Bureau of Meteorology website for the selected stations. Projected daily rainfall data
were collected from Australian government data portal for the same stations within Bris-
bane. Using an earlier developed daily water balance model, eTank potential annual water
savings were calculated for several weather and climate change scenarios with varied roof
areas and rainwater demandValues of ‘Seasonality Index (SI)’, a commonly used factor rep-
resenting rainfall variability within a year, were explored to validate earlier developed rela-
tionships between SI and water savings efficiency through rainwater tanks. It is found that
in most cases water savings in future periods are expected to decrease and such decrease
is not necessarily attributed to the expected decrease in rainfall amounts in future, rather
also affected by future reductions in rainwater tank reliability. Linear relationships between
potential future water savings and reliabilities for all the stations are found. Relationship
between SI and water savings efficiency was established, and it is found that the relation-
ship slightly varies with an earlier developed relationship using historical data. Compared to
earlier established relationship, for lower SI values water savings efficiency is expected to
become better, while for higher SI values the water savings efficiency is expected to become
worse. Also, an increase of roof area from 100 m? to 200 m? will cause an average increase
of water savings efficiency by 25% and an increase of rainwater usage from 200 L/day to
300 L/day will cause an average increase of water savings efficiency by 20%.
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1 Introduction

Seasonality effects has been studied a lot in different aspects of science and engineering
(Liu et al. 2022; Rachid et al. 2021; Serrano et al. 2020). However, limited studies were
conducted related to its measurement and impacts with rainfall and subsequent conse-
quences. Seasonality index (SI), a measure of monthly rainfall variability within a year, is
commonly used for water resources management involving rainfall. Such monthly rainfall
pattern has got significant influence on decision-making related to water resources alloca-
tion and management, especially in irrigation projects where withdrawal/diversion from a
common source is restricted. Many regions in the world often experience very high total
annual rainfall, however with non-uniform monthly distributions, which contributes to
either flood or less effective agricultural benefits compared to the situation where similar
amount of rainfall is uniformly distributed throughout the year. SI was originally proposed
by Sumner (1988) as shown in the following section.

Imteaz et al. (2021c¢) studied climatic and spatial variabilities of SI values and investi-
gated potential variations of SI within distinct climates such as dry, average and wet years
through using monthly rainfall data from six major Australian cities. However, the study
concluded no clear trend of SI variations within the climatic variations.

It is well-established that one of the potential impacts of climate change on hydrological
variables is changes in rainfall intensities and pattern and thus increases in extreme rainfall
events are already emerging (Easterling et al. 2000; Mikhaylov et al. 2020). It is evident
that not only the total annual rainfall amount will be affected by the climate change, but the
interannual distribution of rainfalls will be also altered (Feng et al. 2013). Such changes
in rainfall amount and pattern will significantly affect growths of different crops, which
depend on seasonal rainfall amount and pattern. Especially, for Australian cities, where
higher degree of rainfall variabilities are already predominant, effect of global warm-
ing and subsequent climate changes is likely to worsen the current hydrological swings
(Chowdhury and Beecham 2010). Some climate studies predict that in many regions dry
years are expected to become drier, while wet years are expected to become wetter and
Kamruzzaman et al. (2013) reported an increasing trend of rainfalls towards the west,
whereas a decreasing trend towards the northeast coast. Both the increase and decrease in
usual rainfall amounts and their patterns cause additional complexity on the efficient water
resources management for this dry continent (King et al. 2020); an increase in rainfall can
be attributed to frequent flooding, while a decrease in rainfall can be attributed to the scar-
city of fresh water for irrigation.

It was well-researched that Australian weather and rainfalls are influenced by sev-
eral large-scale climate drivers such as El Nifio-Southern Oscillation (ENSO), Southern
Annual Mode (SAM), Madden—Julian Oscillation (MJO), Indian Ocean Dipole (IOD) and
Atmospheric Blocking. It is recommended that such macro-scale indices be translated to
suitable micro-scale parameters, as many regions are influenced by more than one index,
which causes establishment of relationships between the indices and potential rainfalls, a
complex task often needing an in-depth understanding of the dynamics and variation pat-
terns of associated climate indices (Esha and Imteaz 2020; Hendon et al. 2007). SI is antic-
ipated to be suitable micro-scale parameter, especially when rainfall pattern is the concern
(Risbey et al. 2009). Compared to the large number of studies on the prevailing large-scale
climate drivers and their relationships with different climate variables (Ghamariadyan and
Imteaz 2021; Esha and Imteaz 2020, 2019; Hossain et al. 2020, 2018), studies related to SI
and its relationship with potential atmospheric variable(s) are scarce. Pascale et al. (2015)
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used a dimensionless seasonality index, which is very similar to the one used in the current
study and established correlations between seasonality index and periods of drought under
high carbon emission scenario for the next century.

With ever-increasing water demand while having limited supply, water authorities in
many cities are encouraging installation of rainwater tanks for non-potable water demands.
Emerging impacts of climate change prompted several studies (Imteaz et al. 2021a; Imteaz
and Moniruzzaman 2020; Zhang et al. 2019) investigating the impacts of climate change
on potential water savings through rainwater tanks. However, as mentioned earlier there is
scarcity of studies involving implications of SI on potential water savings through different
harvesting techniques including rainwater tank. The pioneer study on this was conducted
by Jenkins (2007), who applying historical rainfall data from twelve Australian cities into
a daily water balance model, established a relationship between SI with rainwater tank’s
water savings efficiency and demonstrated that rainwater savings efficiency decreases with
increase in SI values. Later, Imteaz et al. (2021b) utilizing rainfall data from six Australian
cities and corresponding water savings potentials through rainwater tanks calculated using
a daily water balance model, derived a continental-scale relationship between SI and water
savings efficiency. However, such continental-scale relationship may not remain same for
regional scale. As such, further investigations are required investigating applicability of the
continental-scale relationship to different regions. Imteaz and Shadeed (2022) investigated
the future applicability of the earlier developed relationship under changed climate sce-
narios using projected rainfall data for four regions in Sydney and reported that overall,
a decrease in water savings efficiency is likely to occur. Again, such estimated potential
reductions in efficiency warrant validation. As such this study investigates relationship of
SI with the water savings efficiency of rainwater tanks under climate change scenario using
projected rainfall data from Brisbane. Also, another important parameter of rainwater tank
is the reliability of intended supply. However, the effect of reliability in relation to SI and
future climate change was not evaluated in the earlier studies. This study evaluates effect of
climate change on the reliabilities of rainwater tank supply using the same projected rain-
fall data. Reliability is defined as percentage of days in a year when rainwater tank is able
to supply the intended demand for a particular condition. Also, the earlier studies did not
consider separate emission scenarios under the projected climate. This study segregated
two emission scenarios and presented the outcomes under two different scenarios (RCP 4.5
and RCP 8.5). With the impacts of climate change, current study outcomes are expected
to provide significant insights and guidelines towards future sustainable water resources
management.

2 Methodology and Data

The SI equation is given as follows:

(1

R
X — —

4 12‘
where, SI is the Seasonality Index, R is the mean annual rainfall and Xj is the mean
monthly rainfall for month j’.

It is to be noted that the primary study on this was performed for Sydney, the largest city
of Australia. Due to availability of enough complete data, the third-largest Australian city,
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Table 1 Details of the rainfall

stations and location

Rainfall Station

Station Number

Elevation (m) Location of station

Toombul 40237 22 Northern
Sunnybank 40244 50 Southern
Oxley 40463 20 Western
Manly 40231 25 Eastern

Brisbane, which is the capital of Queensland was selected for this study. The climate of
the city is classified as “humid subtropical” having hot, wet summers and moderately dry,
moderately warm winters. The annual mean minimum temperature is 16.6 °C and mean
maximum temperature is 26.6 °C. Four rainfall stations covering different spatial direc-
tions having minimal missing data were selected from the city of Brisbane. Table 1 shows
the details of the selected rainfall stations, where directions are mentioned with respect to
city centre. Figure 1 shows the locations of the stations within Brisbane metropolitan area.
Australian government has produced future projected climate data for different regions of
Australia as detailed in the website: https://climatechangeinaustralia.gov.au/en/. The widely
used technique, Statistical Downscaling Modeling (SDSM) was applied for the projection
of data. The SDSM uses multi-linear regression technique and stochastic weather generator
to downscale climate variables from the original coupled atmosphere—ocean general cir-
culation models developed under Coupled Model Intercomparison Project, CMIP (https://
esgf-node.llnl.gov/projects/cmip5/). Out of forty CMIP5 models, Australian government
has selected eight for further assessments. Among the eight selected models, the Australian
Community Climate and Earth-System Simulator (ACCESS 1.0) weather model was found
to produce simulations with high skill score with regard to historical climate. This study
used ACCESS 1.0 projected daily rainfall data for the future periods. The projected data
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Fig. 1 Map of Brisbane metropolitan showing selected rainfall stations

@ Springer


https://climatechangeinaustralia.gov.au/en/
https://esgf-node.llnl.gov/projects/cmip5/
https://esgf-node.llnl.gov/projects/cmip5/

Climate Change Impacts on Rainwater Tank’s Potential Water... 4349

were extracted for two projection scenarios (CO, concentration pathways); RCP4.5 (opti-
mistic scenario — moderate emission) and RCP8.5 (pessimistic scenario — high emission).

SI values for the selected stations were computed using Eq. (1). To assess effects of
different weather conditions, three different weather conditions such as ‘dry’, ‘average’
and ‘wet’ were considered. Dry, average and wet years were defined as the years having
annual rainfall close to the historical 10th percentile, median and the 90th percentile val-
ues respectively (Imteaz et al. 2016). To avoid the influence of any particular year having
unusual pattern, data from three years were selected to represent any particular weather
condition. Calculations of SI, reliability and potential water savings were performed for
each of the selected years and an average of the three values (from three selected years for
a particular weather) are reported.

Potential water savings and reliabilities under historical and future climate change sce-
narios were calculated using an earlier developed daily water balance model, eTank (Imteaz
et al. 2017). eTank has been widely used for many cities around the world (Imteaz and
Shadeed 2022; Moniruzzaman and Imteaz 2017 and Imteaz et al. 2012). Details of theoreti-
cal backgrounds, mathematical processes and accuracy assessments of the eTank tool were
described by Imteaz et al. (2017). The calculations covered three aspects; i) Comparison of
expected future water savings and reliability values with the historical water savings and
reliability values under different scenarios, ii) Comparison of current relationship between
ST and water savings efficiency with the earlier developed relationship and effect of climate
change, and iii) Evaluation on the effect of roof size and rainwater demand. For the first two
aspects, to be able to compare with the earlier findings, the input data were kept same as the
earlier study; i.e. roof area= 100 m?, rainwater demand =200 L/day, tank volume = 5000 L
and rainfall loss=15%. To assess the effect of roof size and rainwater demand, other sce-
narios were evaluated for the roof size of 200 m? and demand of 300 L/day.

3 Results and Discussions
3.1 Impacts on Water Savings and Reliability

Table 2 shows the selected historical and future years, along with their corresponding
annual rainfall amounts for all the selected stations. Table 2 also shows the calculated water
savings and reliability values for all the selected stations under three categories; past, future
RCP4.5 and future RCP8.5. For each category and each weather condition three years were
selected, and the Table shows all the three calculated results. From the table it is clear that
compared to historical values, expected water savings are likely to decrease in future years,
except for few cases. For ‘Manly’, future water savings are expected to decrease in all
cases, except in average and wet years under the RCP4.5 scenario. For ‘Sunnybank’, future
water savings for all the cases/scenarios are expected to decrease. For “Toombul’, future
water savings are also expected to decrease, except in average year under RCP4.5 and in
wet years under both the RCP4.5 and RCP8.5 scenarios. For ‘Oxley’, future water savings
are expected to decrease in all the cases, except in dry year under RCP8.5. It is to be noted
that not all the decrease/increase in water savings can be attributed to the corresponding
decrease/increase in annual rainfall amounts. In some cases, calculated water savings are
likely to increase, although projected annual rainfalls are likely to decrease (i.e. for Manly
in average year under RCP4.5, for Toombul in average year under RCP4.5 and in wet year
under RCP8.5) and vice versa (for Many in dry year under RCP4.5). These discrepancies

@ Springer



M. A. Imteaz et al.

4350

98y 890 $€CT 960C €IS T80 T0€T  650T L'T79 690 TEST 8861
9IS 650 SETI  620T STy 680 98CI LSOT 6TS 790 SSST €961
TLS 990 6£C1  820C 67S 180 ¥8TI  LY0T 799 650 8611 €61 oM
687 TLO 088 160T L'6E 060 716 L80T 069 670 G801 S861
6Ly €L0 8.8 8L0OT I'6€ 060 1€6 TH0T T6S S0 €801 S€61
g6t 8L0 LL8 0%0T ¥y L80 1€6 €€0T 819 650 ¥LOT +861 Say
T8 890 0€9 LT0T Ser $90 TLS TSOT eSS +9°0 8IL LO6T
'tk €90 YLS 6£0T LTy L90 186 160T Toy LSO 8I1L 1061
L8y €90 L8S 690 L'8E  $9°0 L09 T80T 087 950 €IL 0961 £1q  yueqAuung
LIS 180 1871 60T LTS 080 9191 680¢C 0Ly 6L0 6191 9561
I'ly 060 1€91 €60C 96v 780 8SST LSOT S'TS €90 9671 0S61
vy 080 TLST §S0T 9IS 080 ST¥T 6%0C S0S L0 88ST L¥61 oM
9LE  T60 086 6+0C ¥'0S  $8°0 L90T LLOT LTy L8O 0ZIT #00T
8Ty 880 626 LEOT 6Ly S80 €901 0¥0T 'Ly 860 6011 0861
ey 10T §S6 970C TEP €60 €ETT 0€0T 60y Y01 6011 1561 3ay
6S¢ 80 9¥S  S90T 96¢ 80 L8L €LOT 687 190 60L 6L61
86E 060 029 90T 'St 080 ¥8L S90T 067 650 S0L 0961
607 980 80L €£€70T T LLO 6CL 920T 09% €90 YOL ¥161 L1q Auey
(T Sutaeg 1ojep  [S (ww) [ejurey 1eox () Suieg iojepn  [S (wuw) [ejurey 1eox () Sureg iojepn  [S (W) [ejurey Ieox
S8 dO¥ Sy dD¥ Ised  IOUIEOA\  UOTIEOOT

STeoA Pa)oR[as A1) J0J sjunowre [[ejurel renuue Surpuodsariod pue sSUIAES Ioyem pajoadxa ‘sonfea IS paje[nore) g aqelL

pringer

&l



4351

Climate Change Impacts on Rainwater Tank’s Potential Water...

¥'LE 960 87C1  860C I'LE 860 8.1 080T I'SS €80 8811 9661
08¢ 960 L8TT LSOT 96¢  OI'l LLTT 890C SIS €80 ILyT 1861
7SS 650 6611 0L0T TES 650 L9TT T€0C 059 090 ¥8€T €861 oM
L9E 760 S18 180T 0SE  L60 9.8 T+0T vy 10T 0901 S661
6y +9°0 €001 190 9Ly €LO 756 LEOT 679 TS0 70T +861
TT9 LLO ¥S0T 920 6'8€  S60 LT6 0£0T '8y 0L0 €201 861 Say
9GSy IL0 TIL 90T I've €90 0¥ ST0T €75 090 LEL 9861
9LE €50 0L¥ 080T I'LE 190 8y SYOT 8GCE 980 SIL %661
TIE 990 €99 LT0T L'SE  L80 vL9 9€0T 86E €90 09S LL6I f1q KorxQ
L00T 990 6LET  960C I'601 €L°0 TEST 8€0T 8ICI T80 €5ST #90¢
06L S80 SO¥T €60 L¥0T 8L0 6LYT  1€0C SLIT 180 6SST  8S0C
0€8 IL0 I7€1  620C 80CI 790 ¥9ST  #20C THEL 890 6LST SE0C oM
€IS 080 €56 680C I'IL  S80 9201 SLOT 08L 780 OITT €L0C
98F L80 056 LSOT 89L 080 8L01 0%0C €8 #L0 0SIT $90C
€0S 1L0 SS8 950C 08 €L0 €€01  TT0T 016 950 ITIT 850C Say
1'ze 180 L99 1861 I'6r 090 $69 L861 78S €S0 €CL T00T
L€ 880 €69 €L6I 06 080 8CL €561 809 650 ¥TL 0961
6SE  LLO 969 LY61 8Ly LLO LIL 6261 S'19 850 STL SL61 £1q  quoog,
(TD Sutaeg 1o)ep  [S (ww) [ejurey 1eoX () Suieg iojepn  [S (W) [ejurey 1eoxX () Suiaeg Iolepn IS (W) [ejurey  1eox
S8 IO Sy dO¥ ISed  IOUIEOA\  UOTEOOT

(ponunuoo) zs|qe

pringer

As



4352 M. A. Imteaz et al.

Fig.2 Calculated future reliability values for; a Manly, b Sunnybank, ¢ Toombul and d Oxley

may occur due to inclusion of any unusual year (having unusual distribution) in the cal-
culation. Also, these discrepancies can be attributed to the corresponding rainwater tank
reliability, which is affected by unusual distribution. Figure 2a—d show the average of the
three values of calculated reliabilities under all the categories and weather conditions for;
a) Manly, b) Sunnybank, c) Toombul and d) Oxley. From the figures, some of the earlier-
mentioned discrepancies can be justified. Few examples are; i) Manly average year RCP4.5
showing higher water savings even though annual rainfall amount is expected to decrease;
this can be attributed to higher reliability for the same scenario, ii) Manly wet year RCP8.5
showing lower water savings even though annual rainfall amount remains almost same;
this can be attributed to lower reliability for the same scenario, and iii) Toombul average
year RCP4.5, Toombul wet year RCP4.5 & RCPS.5 all showing higher water savings even
though annual rainfall amounts are expected to decrease; these all can be attributed to
higher reliabilities for the same corresponding scenarios.

Figure 3a—d show the relationships between the calculated reliabilities and expected
annual water savings considering data from all the categories and weather conditions for;
a) Manly, b) Sunnybank, ¢) Toombul and d) Oxley. It is found that for all the stations, vari-
ations of annual water savings linearly vary with the variations of reliabilities. It is to be
noted that the calculated reliabilities can be represented with the corresponding SI values,
and earlier studies (Jenkins 2007; Imteaz et al. 2021b) have established linear relationships
between SI and the rainwater tanks’ water saving efficiency. Following sections describe
the potential climate change impacts on such established relationships.

3.2 Impacts on Water Saving Efficiency

To evaluate the impacts of future SI values and its relationship with the water savings
efficiency under climate change scenario, eTank model was used for calculating potential
annual water savings for all the selected years. For the selected years, daily projected rain-
fall values were downloaded from the mentioned data source and fed as input data in the
model. Other model parameters are mentioned in the ‘Methodology’ section. Rainwater
saving efficiency was defined as the ratio of expected annual water savings and annual
rainfall amount (Imteaz et al. 2021a).

Figure 4 shows the scattered plot of calculated SI values with the corresponding water
savings efficiency values. An expected general trend is that with the increase of SI values,
water savings efficiency decreases; trendline drawn (solid line) on the plot conforms with
the expected general trend. Figure 4 also shows two more dashed lines derived from ear-
lier studies showing the earlier established relationships between SI values and water sav-
ings efficiencies. Among the two dashed lines, the upper line is based on historical rainfall
data from several Australian cities described in Imteaz et al. (2021b) and the lower line is
through impact of future climate change scenario based on projected rainfall data for Syd-
ney described by Imteaz and Hossain (2023). The average trendline under climate change
scenario presented in the later study (with Sydney data) followed exactly similar trend hav-
ing same slope of the earlier developed trendline based on historical data from six cities.
Imteaz and Hossain (2023) reported that overall water savings efficiency under climate
change scenario will be lower than the water savings efficiency based on historical values
even with the same SI value. Current study reveals that such overall general reduction in
water savings cannot be generalised, as in the figure it is shown that the future relationship
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Fig.3 Relationships between reliabilities and potential annual water savings for; a Manly, b Sunnybank, ¢
Toombul and d Oxley

with water savings efficiency and SI is likely to be steeper as per the Brisbane projected
data. With the Brisbane data, under the climate change scenario, for lower SI values (< 0.8)
water savings efficiency is likely to increase, whereas for higher SI values (>0.8) water
savings efficiency is likely to decrease.

Imteaz and Hossain (2023) has shown that relationships significantly vary among the stations
within a city (i.e. Sydney). To explore such spatial variabilities, For more clarity, Fig. 5 shows
separate best-fit trendlines for all the four locations, which reveals significant spatial variations.
Current findings conform with the earlier findings of Imteaz and Hossain (2023), who concluded
that in addition to impacting rainfall magnitude and intensity, climate change will also impact
intra-annual rainfall pattern, which will eventually impact waters savings efficiency through rain-
water tanks. Moreover, such impacts will not be spatially uniform over a large city, i.e. magni-
tudes of deviations are likely to be different for different areas within a large city.

To assess the effect of the representative concentration pathway (RCP) scenarios on
such relationship, Fig. 6 shows the relationships of future water savings efficiencies with
the corresponding SI values for the two RCPs considered in this study, along with the
established relationship based on historical data. It is shown that the average relationship
curve for RCP4.5 is steeper than the average relationship curve for RCP8.5, i.e. deviations
from the past established relationship are likely to be more for the case of RCP4.5 in com-
pared to the case of RCP8.5, while both having similar trend.

3.3 Effects of Roof Area and Water Demand

As potential water savings efficiency values and its relationship with the SI is likely to be
affected by the roof area and rainwater demand, further calculations were performed to cal-
culate future water savings efficiencies with different roof area and rainwater demand for all
the stations under both the RCP4.5 and RCP8.5 scenarios. It is to be noted that Imteaz and
Hossain (2023) presented similar relationships with varying roof area and rainwater demand,
however considering only one station from a large city, Sydney. Whereas, this study estab-
lished the similar relationships incorporating all the data from all the four stations in Brisbane.
For the sake of comparison, the input variables are kept same; to assess the effect of roof area,
two roof areas considered were 100 m? and 200 m2, while the demand was assumed as 200 L/
day and to assess the effect of demand, two demands considered were 200 L/day and 300 L/
day, while the roof area was assumed as 200 m”. Figure 7 shows the effect of roof area on the
relationship water savings efficiency with SI. From the figure it is found that overall trends of
both the best-fit curves follow the similar pattern, while an average 25% increase in water sav-
ings efficiency with a roof area of 200 m? compared to a roof area of 100 m?. It is to be noted
that Imteaz and Hossain (2023) through data of only one station in Sydney reported an average
increase of 20% in water savings efficiency with the same increment of roof area. Figure 8
shows the effect of rainwater demand on the relationship of water savings efficiency with SI.
It is found that overall trends of both the best-fit curves follow the similar pattern, while an
average 20% increase in water savings efficiency with a demand of 300 L/day compared to a
demand of 200 L/day. Imteaz and Hossain (2023) through data of only one station in Sydney
reported an average increase of 20% in water savings efficiency with the same increment of
roof area. In both the above-mentioned cases, the produced best-fit lines are converging with
the increase of SI value.
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Fig.6 Trendlines for SI value versus water savings efficiency showing two RCPs separately
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Fig. 7 Effect of roof area on SI-water savings efficiency relationship
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Fig. 8 Effect of rainwater demand on SI-water savings efficiency relationship

4 Conclusions

It is anticipated that the climate change impacts will not be only limited to magnitudes of
rainfall amounts, rather also on the frequency and distribution of rainfalls, and such vari-
ations will be different for different cities. As such variations will have significant influ-
ences on sustainable water resources management including green infrastructures, this
study investigated potential climate change impacts on future water savings, reliability and
water savings efficiency of rainwater tanks considering rainfall data from the third-largest
Australian city, Brisbane. Also, as intra-annual rainfall variabilities can be well-represented
by the seasonality index (SI), which was well-related with the rainwater tanks water savings
efficiency, this study also explored the effect of climate change on the relationship of SI
and water savings efficiency. Four rainfall stations covering the whole metropolitan Bris-
bane with fewer/no missing rainfall data were selected for this purpose. Future rainfall data
were extracted from Australian government’s Climate Change in Australia (CCIA) data
portal. As it is offered from the data portal, the future rainfall data was analysed under two
projection scenarios; RCP 4.5 and RCP 8.5. To explore any variation among the weather
conditions, available data were segregated under three weather conditions; dry, average and
wet. An earlier developed daily water balance model, eTank was used for the estimations of
water savings and reliability through a rainwater tank. For comparison with the earlier sim-
ilar studies, the following rainwater tank parameters were considered; roof area= 100 m?,
rainwater demand =200 L/day, tank volume =5000 L and rainfall loss = 15%. Later, for the
assessment of the effects of roof area and rainwater demand, additional simulations were
performed with a roof area of 200 m?, as well as for a rainwater demand of of 300 L/day.
From the results it is revealed that for most of the studied cases in all the stations the
expected future water savings through rainwater tanks are likely to decrease, except in
very few cases. Also, it is found that increase/decrease of annual water savings not solely
depends on annaul increase/decrease of rainfall amounts. Rather rainwater tank reliability
values are having significant influence on annual water savings and for all the stations vari-
ations of annual water savings are linearly correlated with the variations of reliabilities in
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each station. Findings on relationship between SI and water savings efficiency reveals that
an earlier finding of average reduction in water savings efficiency cannot be generalised for
all the cities, rather from the current study it is found that the future relationship with water
savings efficiency and SI is likely to be steeper compared to the relationship based on his-
torical data; for lower SI values (< 0.8) future water savings efficiency is likely to increase,
whereas for higher SI values (>0.8) future water savings efficiency is likely to decrease.
Contrary to the general perception, it is found that the average SI-water savings efficiency
relationship curve under the RCP4.5 scenario is likely to be steeper than the average rela-
tionship curve under the RCP8.5 scenario. It is found that an increase in connected roof
area from 100 m? to 200 m? is likely to cause an average 25% increase in annual water
savings efficiency. And, with an increase in rainwater usage from 200 L/day to 300 L/day
is likely to cause an average 20% increase in annual water savings efficiency. Combining
with the earlier study, this can now be generalised that an increase of roof area from 100 to
200 m? or rainwater usage from 200 to 300 L/day is likely to deliver an increase in rainwa-
ter saving efficiency by 20-27%.

It is to be noted that the current study was perfomred with ACCESS 1.0 climate model
projected data. Obviously, there are uncertainties with model projected data, which is a
separete vast study and was out of scope for this study. However, future study should inves-
tigate the same effects with other climate model data and difference of current findings
with the findings of other model projected data.
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