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Introduction

Evaporation loss is a key component of water resource management in arid and semi-arid regions
where they are not uniformly distributed temporally. Also, due to the climate condition and physical
characteristics of arid areas, a major part of rainfall will be out of reach in the form of flash floods
and a few percent is recharged to groundwater aquifers. Rainwater harvesting system (RWHS) is
considered as one of the most instrumental techniques that can save rainwater for domestic or
agricultural uses. It is a technology used for collecting and storing rainwater in rooftops, land
surfaces, or rock catchments using some simple techniques, such as natural and/or artificial ponds
and reservoirs. In recent years, climate change has caused significant changes in the meteorological
and hydrological components. Also, since precipitation is the main driver of RWHS, changes in its
value and time can significantly change the operation of these systems. Therefore, in order to reach
sustainable development, water resource management based on rainwater harvesting systems will be
inevitable. These systems are moderately reliable methods to increase available water. The main aim
of this study is the reliability assessment of rainwater harvesting systems designed for a future period
(2017-2030) in Birjand, the center of Southern Khorasan Province, east of Iran.

Methodology

A flexible and automated framework for capturing, interpolating, and downscaling was proposed
based on MATLAB scripts. Accordingly, in the first step, monthly climate data (e.g., precipitation)
may be simulated using General Circulation Models’ (GCMs) outputs of the newest generation in the
Coupled Model Intercomparison Project Phase 5 (CMIP5). This study captured monthly rainfall from
14 GCMs, which are more adaptable to the arid climate in the east of Iran, under two representative
concentration pathways (RCPs 2.6 and 8.5) and greenhouse gases emission scenarios. Then data is
downscaled spatially through Bias-Correction Spatial Disaggregation (BCSD) method for 20 grid
point around of Birjand rain-gauge station. Monthly precipitations for Birjand rain-gauge station is
then interpolated by ordinary kriging method, which is implemented through MATLAB coding,
during the base and future periods from the beginning of 2017 to the end of 2030 automatically. The
best performing GCMs for a given study region were identified by testing the downscaled outputs of
GCM against the historical precipitation between 1961 and 2005 (base period). The comparison of
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GCMs performance was performed through various metrics, including statistic criteria (such as
RMSE, R, and NSE) and plotting time series simulations. All the pre-processing measurements of
data in geostatistics methods, containing normality, isotropic, trend analysis, and semivariogram
selection, were carried out automatically through the proposed framework in MATLAB. Box-Cox
transformation was used for standardizing. The direction of the precipitation front was recognized for
isotropic and trend analysis, and de-trending was carried out through the regression method.
Furthermore, the comparison of the evaluated experimental variogram and theoretical semivariogram
was utilized to select the best semivariogram among linear, spherical, Gaussian, and exponential ones
for each month. Finally, using monthly interpolated precipitation time series in historical (1961—
2005) and the future (2017—-2030) periods, reliability assessment of RWHS may be calculated and
examined simply in a different roof area and storage tank capacity. The reliability of RWHS is
defined as the proportion of time steps when RWHS meets the water demand.

Results and Discussion

Results of this study showed that according to the GCM performance values of the employed
statistic criteria, it is recognized that CESM1 and HadGEM2-ES are more capable and outperform
other GCMs.

Results indicate that they can satisfy a significant volume of household water demand by relying
on RWHS. The findings of this study showed that a range of reliability of RWHS in the historical
period was 0.05-0.45 and this ranges will be raised in the future period based on the simulated
monthly rainfall corresponding to the top GCMs. The reliability of RWHS under RCP2.6 will be
more than 8.6 in the future period generally. Moreover, the highest reliability of the RWHS,
considering all of the rooftop areas and the storage tanks, approximately was 45% for families in
which their population is 3 to 7 people to meet the household’s non-potable needs. Furthermore,
other findings of this study showed that the reliability of RWHS was mostly depended on the water
demand or the family population. Also, results indicated that the reliability in different storage tanks
has no notable relation with rooftop area.

Conclusions

The findings of this study proved that RWHS can have a vital role in sustainable water resource
management. Also, results revealed that it can become a proper practice to mitigate and adapt to
climate change impacts. The assessment of the reliability of RWHS showed that 45% of non-potable
water demand can be met through the RWHS implementation in the historical period. Also, results
indicated that different GCMs have approximately the same reliability levels under RCP2.6 and
RCP8.5 in the future period. Top GCM projection showed that there is potential reliability to meet
half of the non-potable water demand in future period whereas the weighted mean of reliability
extracted from reliability contour curves revealed that this system may meet 20% of non-potable
water demand, considering all of the probable combinations of rooftop areas and storage tanks.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
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Tablel- Details of GCMs employed in this study

GCMs Data center
HadGEM2-ES MOHC, Met Office Hadley Centre, UK
GFDL-CM3
GFDL-ESM2M NOAA, Geophysical Fluid Dynamics Laboratory, USA
GFDL-ESM2G
MIROC5
MIROC-ESM MIROC, Centre for Climate System Research, Japan
MIROC-ESM-CHEM
IIPPSSIL_CC::I'\\/IAEQI\SIF:% IPSL, Institute Pierre Simon Laplace, France
NorESM1-M NCC, Norwegian Climate Centre, Norway
BCC-CSM1.1 BCC, Beijing Climate Centre, China
CSIRO-MK3.6.0 CSIRO-QCCCE, Commonwealth Sckﬂ;g;ﬁiznd Industrial Research Organization,
CCsM4 NCAR, National Center for Atmospheric Research, USA
CESM1(CAMS5) NSF-DOE-NCAR, Community Earth System Model Contributors
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Table2- Performance assessment of the GCMs

GCMs RMSE R® NSEc Pbias
BCC-CSM1.1 19.403 0.068 0.280 -10.669
CCSM4 20.871 0.069 0.220 -14.692

CESM1 (CAMb) 18.078

0.143 0.352 -9.752

CSIRO-MK3.6 19.425

GFDL-CM3 19.857
GFDL-ESM2G 20.074
GFDL-ESM2M 18.477
HadGEM2-ES 18.196

0.123  0.275 3.481
0.104 0.245 3.465
0.086  0.232 0.907
0.146  0.294 1.258
0.242 0.337 10.845

IPSL-CM5A-LR 21.629
IPSL-CM5A-MR 18.685

0.060  0.222 -0.329
0.158  0.293 -5.208
0.093 0.274 6.532
0.188 0.306 9.008

0.172  0.353 -7.584

MIROCS5 19.500
MIROC-ESM 18.005
MIROC-ESM-CHEM  18.001
NorESM1-M 19.723

0.126  0.247 -5.977

Monthly Rainfall

iod
(1992-2005)

+— Obsenvation
+— CESM1(CAMS)
~— HadGEM2-ES

Fig. 2- Time series of the simulated and observation monthly precipitation
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Table3- Details of the weighted mean reliability in the historical and future periods
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Period RCP Weighted mean of the reliability
Historical 0.15
CESM1- 2.6RCP 0.18
CESM1- 8.5RCP 0.16
HadGEM2- 2.6RCP 0.22
Future HadGEM2- 8.5RCP 0.24
MIROC-ESM- 2.6RCP 0.17
MIROC-ESM- 8.5RCP 0.16
MIROC-ESM-CHEM- 2.6RCP 0.17
MIROC-ESM-CHEM- 8.5RCP 0.17
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