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ABSTRACT

Saudi Arabia has limited renewable water resoueteb the groundwater is the main source of water in
Saudi Arabia which. With an arid climate, it re@svabout 50-100 mm/year of rainfall in Central, tEas
and Northern regions. There are few studies ingasitig the future regional climate change and shawe
predicted a decrease in precipitation but with exxi climate events such as flood and stormy rainfal
events. Authors have evaluated the thirty-one yemgard of the rainfall in different parts of thénigdom

and found an increasing trend in annual maximunly dainfalls at investigated locations signifyiniget
more extreme rainfall evens and resulting floodssbbrt-durations. A brief review of the Rainwater
Harvesting and Management (RWHM) practices in thiabAregion and the current use of rainwater in
Saudi Arabia is presented and keeping in mind timeate impacts on the water resources, authors have
suggested rooftop RWHM as a soft-path water managestrategy to avoid short-term flooding problems
in urban areas. Cooperation between governmentnanegovernment sectors is also recommended for
successful implementations of small-scale, deckrddh and cost-effective practice of RWHM at
individual/community levels.
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1. INTRODUCTION The climate of Saudi Arabia is mostly arid with an
average rainfall ranging from 80 mm to 140 mm. The
Natural water resources in Saudi Arabia, like in southwestern region receives the summer rainfalthe
other arid countries, are limited. There is alstotaof rainfall is highly variable sometimes due to higtinfall
pressure on these resources due to alarming rdtes @vents (Elagib and Abdu, 1997; Alkolibi, 2002). Dige
increase in demand for irrigation (Al-Turbak, 1998) the increase in agricultural demand in these region
many parts of the Kingdom, especially in Central, more and more groundwater is being pumped eveny yea
Eastern and Northern regions, groundwater is avigila With this water scarcity in Saudi Arabia, knowledgfe
in huge quantitiessatisfying more than 90% of itdev  the impacts of climate change on its water ressuise
demand. It is estimated that the total groundwatenmportant for an efficient water future water

storage in the Arabian Peninsula is 80000 °km management. There are few studies investigating the
(Rasheeduddirt al., 2001) and the total groundwater impacts of climate change in the region.

reserve in Saudi Arabia is estimated to be 225%hil Ragab and Prudhomme (2002) investigated future
m® (Alsharhan, 2003). Desalination meets 50% of the climate changes by the 2050’s and estimated a asere
domestic water demand. in precipitation by 20-25% and an increase of H%2.
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in temperature over Saudi Arabia. Alsharhan (2003)events, which could lead to a higher risk of flash
esgtimated a total water stress between 1520-494dmi  floods and might have negative consequences on
m” at a temperature increase of 1 and 5°C, respégtive zquifer recharge affecting already stressed couitry
due to climate change over twenty-one locatiorSandi s study, authors have investigated the similand
Arabia. Alkolibi (2002) also discussed the effeds ¢ (jimate change over past 3 decades based of the
precipitation decrease on water resources of thatcp weather data in few of the cities of Saudi Arabial a

The Intergovernmental Panel on Climate Change i )
(IPCC) in its final report predicted that annual ame recommended Rainwater Harvesting and Management

changes of precipitation over Saudi Arabia for years  (RWHM) as soft-path sustainable water management
2090 to 2100 relative to 1980 to 1990 will increakghtly strategy to cope with the future climate change.
over southern, middle and eastern regions withegahigual

or less than 0.1 mm ddy(Solomon, 2007). A slight 2. MATERIALSAND METHODS
decrease in precipitation (less than 0.1 mm/dayjedicted
over northern Saudi Arabia by the end of the 2&stury The precipitation record of about three decades

(Solomon, 2007). Similarly, changes in annual risbéw (1980-2010) for thirteen cities of Saudi Arabia was
slight increases by 0.1 mm/day for most of Saudibis, . . . . . .
investigated including the daily total, minimum and

except a small portion of the northern region. _ . .
In short, some models reviewed by the IPCC predictmax'mum rainfall. These stations cover almost athe

a trend of precipitation increase in the ArabianiRgula  districts of the country except Ha'l, as shownFiig. 1
including Saudi Arabia. This increase in rainfatiubdd ~ (three-layered map of Saudi Arabia showing the
arrive in concentrated, short and intense predipita  topography and districts (EINearal., 2010).
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Fig. 1. Three-layered map of Saudi Arabia showing theidistand 13 investigated locations

,///4 Science Publications 157 AJES



Amin, M.T. et al. / American Journal of Environmah&cience 9 (2): 156-163, 2013

The coordinates (latitude and longitude) of the The records for the total annual rainfall do nubs
investigated weather stations along with the alétgin any signs of increase for seven cities including
meters) are presented Trable 1. The magnitudes of the  AlRiyadh, AlQaseem, AdDhahran, AlJoug, Taif, Turaif

trends of rainfall (derived from the slope of the and Rafha in precipitation in 31 years of studyiquer
regression line) were calculated using the leastiss  (1980-2010).

method.Both time series and regression analysise wer
performed for statistical significance of the daad  Table 1. Detailed information of the thirteen meteorological

Durbon-Watson (D-W) co-efficient (used to test for stations
autocorrelation (Montgomerst al., 2001)) was used to Station coordinates
validate the analysis. The PHStat software in Miofo
!E)fcel 2007 was used to calculate the D-W testssati Latitude  Longitude Altitude
D’, the value of which should be close to 2. City (District) CNorth)  CEast) (m)
Gizan Gizan) 16.54 42.35 3
3.RESULTS Najran (Najran) 17.37 44.26 1210
Figure 2 represents the linear regression models forJeddaKMakka_h) 21.30 39.12 17
the annual maximum daily rainfall in Gizan and Rafh venbo @Madina) 24.09 38.04 6
In Fig. 2, solid and dotted lines represent the regressiorfo‘lwajh (TabuI.<) 26.12 36.28 21
model lines for the annual maximum daily rainfasr f ~ AIRiyadh (AIRiyadn) 24.63 46.77 624
Gizan and Rafha, respectively. In case of Gizan,AlQaseemfplQaseem) — 26.18 43.46 650
maximum increase in the annual maximum daily rdiinfa AlQaisoomah
with a slope value of about 1.30 (‘D’ being 2.2shewn  (Eastern Region) 28.32 46.13 358
in Table 2) among the 13 investigated cities was AdDhahran
observed over a period of 31 years (1980-2010)aat  (Eastern Region) 26.16 50.10 17
also presented for another city (Rafha) where theAlJouf (AlJouf) 29.47 40.06 671
minimum increase in the annual maximum daily rdinfa Taif (Makkah) 21.29 40.33 1454
was observed over a period of 31 years (1980-2@ith)  Turaif (Northern borders) 31.41 38.40 818
a slope value of about 2%. Rafha (Northern borders) 29.38 43.29 447
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Fig. 2. Linear regression models for the annual maximuity dainfall in Gizan and Rafha 1980-2010
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Table 2. Slope and ‘D’values for cities having regressiare$
with increasing maximum daily rainfall

City Slope values D-W co-eff.
Gizan 1.30 2.200
Najran 0.72 1.937
Jeddah 1.01 2.076
Yenbo 0.52 2.063
AlWajh 0.41 1.641
AlRiyadh 0.40 1.764
AlQaseem 0.40 2.132
AlQaisoomah 0.30 1.863
AdDhahran 0.29 2.161
AlJouf 0.25 1.616
Taif 0.24 1.822
Turaif 0.06 2.413
Rafha 0.02 2.008

There were, however, signs of increased rainfath wi
respect to the annual maximum daily rainfall, dgrihis
period, as is clear from the positive slope valsbswn
in Table 2.

short-duration floods and damage in well-developed
urban areasFigure 3 shows some of the photographs
showing the aftereffects of extreme climate evelnis to
high rainfall intensities with longer durations. dme of
the several cases, it has even resulted four deaths
Kingdom's second largest city (Jeddah) due to the
flooding caused by high intensity rainfall of lomge
duration (AlJazeera, 2011). One of the reasons
for the resulting damage due to short-durationdiag
could be the designing of the drainage systembeasd
cities which is based on dry weather of the courthy,
a single rainfall event of higher intensity or lamg
duration can destroy the infrastructure and cabse t
economic disaster. The results of the analysishaf t
study indicate that an appropriate soft-path water
managementpolicy should be implemented androoftop
RWHM can provide one such solutionto respond to the
higher rain intensities of longer duration to avettbrt-
term flooding situations describedkig. 3.

In the twenty-first century we can no longer

For the remaining six cities, an increase in ahnuaignore costs and concerns associated with cengaliz

total rainfall was also seen along with increasimgual
maximum daily rainfall over the investigated periofi
31 years during 1980-2010 (results not shown).

4. DISCUSSION

systems. The old water development path or simply
hard path approach is increasingly recognized as
inadequate for the water challenges that are féged
experts in this field. The soft path recognizesttha
investments in small and decentralized systems such
as rainwater harvesting systems can be just as cost

Water management in Saudi Arabia is facing major effective as investments in large, centralized eyst
challenges due to the limited water resources andfor example dams. One of the soft path decentralize

increasing uncertainties caused by climate charige.
investigate the existence of any signs of climeltianges
in Saudi Arabia, the rainfall records of the thidye
years of period (1980-2010) were analyzed for dkint
cities the rainfall trend in the whole Kingdom cong

solution being implemented in many developing
countries is RWHM (Amin and Han, 2007).

Evidence of ancient water harvesting systems
appears throughout the Arabian Peninsula (Myers,
1975). The first water harvesting system was built

the wide areas of the country. The magnitudes ef th around 4500 B.C. in Iraq. It is known that terragin

rainfall trend were derived from the slope valuéshe

systems were used to supply water for pilgrims and

regression lines and were supported by the Durbon-caravans travelling from the Arabian Gulf to Makkah

Watson statistic. An increased annual total ralirifahd
was observed in six cities while an increasing drém
annual maximum daily rainfall in thirteen cities sva
observed. These rainfall trends highlight the highe
rainfall intensities or rainfall with longer durati in
addition to the variability of climate pattern inffdrent
cities of the same district and in different montighe
years. The resulting floods of short-duration dee t
increased rain intensities have caused more danmage
well-developed cities and urban centers in receatsy
Most visible effects of climate change in Saudi

Arabia include the increased flooding and prolongedrenewed

droughts. Although, the rainfall is not high inghiegion
but the increased rain intensities has resultem satere
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Evidence of these systems can still be seen tolbenga
some desert roads throughout Saudi Arabia. There
existed a rich culture and tradition of harvesting
rainwater in this region as was revealed by thagmee

of underground cisterns in old city of Jeddah, $aud
Arabia (Lancaster, 2010). The roof would be swdpt o
before the rains and the rainfall would be directed
downspouts taking the water to the huge basement
cistern Fig. 4).

Figure 4 Different views of abandoned underground
rainwater cistern in old Jeddah Recently, therebdeen
interest in traditional water harvesting
techniques through the use of new revolutionary
technology and innovations.
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Fig. 3. Short-duration floods due to extreme rainfall égen urban areas of Riyadh, Makkah and Jeddah §a2011) (a) Riyadh,
(b) Makkah, (c) Jeddah

@) (b) ©

Fig. 4. (a) Cistern opening, (b) Section view, (c) Inlet andet

(@ (b) (©)
Fig. 5. Small rainwater dams at different locations in RtyaSaudi Arabia (a) Al Alab Dam, (b) Al Muzairama(c) Al Hareeq Dam

RWHM has been revived and have proven to be There is an on-ogoing King Fahd’'s Project for

efficient methods of water utilization and is cuntlg in rainwater and runoff harvesting and recharge teclas in
use in the countries of the Arabian Peninsula. alcéng the Kingdom of Saudi Arabia in order to guarantesew
as means of rainfall utilization and soil conseiomtis for the inhabitants of villages and desert areagedisas for
extensively used in the mountainous areas oftheir livestock and agricultural production andhimimize
southwestern Saudi Arabia. In Saudi Arabia, anoskb the migration from villages to the already overaied
terrace system is being used in the upstream cataisrof  cities due to water scarcity and low agricultunaduction.
wadiBishah in the southwestern region. It has beenRather than migration, people may also resort tdifyo
estimated that rainfall harvesting techniques caruked the dwelling environments by adapting strategies
into this area to meet domestic and livestock wateroptimize the utility of available water by harvestithe
demand (Abdulrazzak, 1992). rain (Pandey, 2001; Pandeyal., 2003).
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Fig. 6. A schematic diagram of a simple rooftop RWH system

Small dams are constructed at six locations using Focusing at rooftop RWHM in few Arab countries
remote sensing satellite images and recharge welts only, a recent case study in Sudan has shown RW&HM t
established for artificial recharge of groundwakégure provide an additional source of drinking water in a
5 shows images taken at Al Muzaira Dam, Al Hareeq changing physical environment associated with urban
Dam and Dhruma Dam in the capital city of Saudi population growth (Ibrahim, 2009). In Palestine, RM/
Arabia (Riyadh). The results at Al Muzaira Dam systems has shown to reduce the annual environmenta
showed that after 14 days of the rainfall eventrano impact of the in-house water usage by about 40%
than 65% of the lake’s water was recharged and(Nazeret al., 2010) and the environmental management
groundwater level increased by 8.85 m during th&t fi of RWHM was considered necessary to reduce the
two days. Also, total rise in groundwater level the continuously increasing demand for fresh water (Al-
observation wells was about 15 meters and watditgua Salaymelet al., 2011).
has been improved after the recharge (lower sglinit These preliminary assessments of increased rain

In the same Project, couple of artificial pondalso intensities coupled with extreme climate eventsséoia
constructed at two locations and small dams areon the Saudi's rainfall records) could be further
constructed to divert floodwater toward the pondl an combined with the old wisdom of this region for
finally pipes are placed for conveying stored water harvesting the rain and can be viewed as to demaipst
points of use. Finally, small, low-cost dams are the value of rooftop RWHM Kig. 6) as a local
constructed along the water washes close to oldadaptation strategy to cope with the climate valitgb
settlements and villages to store rainwater andeseh in the region.
sustainable agriculture and development in the.area A simple rooftop RWH system consists of its
Findings of the project have proved water harvgssind catchment area, a pre-treatment facility (simple
recharge techniques cost effective in terms of theFiltration), a storage tank, a supply facility apgpes
successful increase in groundwater level and impgv  (Han and Mun, 2008; Amin and Han, 2011). In a rooft
its quality. Water harvesting and recharge techesoqgan RWH systems, rainwater is collected from roofs and
be implemented to control flood and minimize its stored in cisterns to be used afterwards thus gimyian
damage and stored and recharged water behind daneternative water resource (Bagure@al., 2010). The
close to cities can be utilized in emergency siduat stored water by using rooftop RWH systems can le€el us
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for gardening, toilet flushing or even for car wiash If Chair (AWC) at King Saud University
properly stored and boiled, the stored rainwater loa (http://awc.ksu.edu.sa).

used for potable purposes with minimum treatment
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