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Climate Change Effects on Drought in Sharjah, UAE

Abdullah G. Yilmaz, Arwa Najah, Aysha Hussein, Athra Khamis, Naseraldin Kayemah, and Serter
Atabay

Abstract—Drought is a natural phenomenon that occurs due
to low precipitation conditions. Under the effect of climate
change, frequency and magnitude of drought events are
aggravated. Drought has negative effects on various fields such
as agriculture, environment, ecosystems, economy and society.
In this study, drought conditions in Sharjah, United Arab
Emirates, were assessed by monthly Rainfall Anomaly Index
(RAI) and Aridity Index (Al) using observed and future
(projected) rainfall data. Following calculation of the index
values, temporal trends were investigated using non-parametric
Mann-Kendal trend test. Trend results showed mostly
statistically non-significant trends in Sharjah. Only decreasing
trends in March was statistically significant for observed RAI
values and projected (future) RAI values derived from rainfall
data using global climate models including GISS_E2 H,
GISS_E2 R and MRI_CGCMa3. This study is an outcome of
initial stage of a comprehensive drought assessment project,
and provides useful information for policymakers in Sharjah,
UAE.

Index Terms—Climate change, drought, RAI, Al, Sharjah,
United Arab Emirates.

. INTRODUCTION

Drought is a complex natural phenomenon that results in
serious economic, environmental, and social impacts. The
effects of drought accumulate slowly and it affects larger
geographical area than any other natural hazards [1]. Drought,
defined as shortage of water, adversely influences the
ecosystems, environment and residents of impacted regions
through decrease in crop production, hydropower generation,
industry and health. Drought is causing an average $6- $8
billion global damage annually and collectively affecting
more people than other natural disasters [2].

There are several reasons behind the drought mechanics.
Droughts take place when there are prolonged periods of
rainfall non-presence leading decreases in streamflows and
water levels in natural and man-made reservoirs. In addition,
human activities including deforestation, construction, and
agriculture negatively impact the water cycle and cause
droughts. Soil moisture levels are also contributor to the
drought events [3].

Over the last century, earth is warming in a way, which
can’t be explained by natural climate variability. The main
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reason behind current global warming is greenhouse gases
(GHG) emission due to human activities. Warming on earth
surface results in change in climate variables such as
precipitation, humidity and wind speed. Changes in
precipitation amount and patterns along with alterations in
other climate variables affect streamflows, and consequently
flood and drought management. Risk of all types of drought
(i.e., meteorological, hydrological and agricultural) increases
as temperatures rise and precipitation amount and patterns
change due to global warming. Therefore, it is significant to
project (future) droughts to develop efficient future drought
management policies.

There are several studies regarding climate change effects
on droughts in the literature. For example, [4] investigated
drought hazard in South Korea in the context of climate
change. This study reported higher risk levels for future
drought frequency and intensity in South Korea. Reference [5]
reported that the annual drought severity increases due to
climate change are projected in Greece for future time scales
of 2020-2050 and 2070-2100.

The Middle East and North Africa (MENA) region is one
of the most climate change sensitive regions in the world.
Reference [6] reported that that the MENA region will likely
experience a decrease in rainfall and runoff between 10 and
25%, and between 10 and 40%, respectively, and an increase
in evaporation between 5 and 20% by the end of the 21st
century. Gulf Cooperation Council (GCC) countries are the
most climate change fragile regions in MENA due to very
intense water stress and droughts. The United Arab Emirates
(UAE) is located in GCC region with annual precipitation
below 100 mm. According to climate models, an increase in
the UAE’s annual average temperature of around 1°C by
2020, and 1.5 - 2<C by 2040 was projected [7].

Although droughts have major effects on many aspects in
UAE, there are only few studies investigating droughts in
UAE. Reference [8] showed the effects of El Nifb and La
Nif® on weather patterns and in particular on rainfall in UAE.
They adopted effective drought index to quantify droughts,
and reported close relationship between EI Nifp and droughts
in UAE. Reference [9] conducted an analysis of rainfall and
drought in the UAE, and found that the average drought
duration is about 2.8 years in UAE. Also, they reported
similar drought patterns over UAE using drought severity
index. To the knowledge of authors, there is no study for
UAE investigating climate change effects on droughts using
projected (future climate data). In this paper, climate change
effects on droughts in Sharjah, which is the third largest of
the seven emirates in UAE, were investigated through
quantification of the droughts by Rainfall Anomaly Index
(RAI) and aridity index (Al) using observed and (future)
projected rainfall data in Sharjah, and application of trend
analysis to observed and projected RAI values. It is expected
that this study will make contribution to the climate
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change-drought literature as well as to the successful drought
management in the study area.

Il. STUDY AREA AND DATA

The Sharjah Emirate in UAE has a total population of 1.4
million and covers an area of approximately 2,600 km?. It
falls on coordinates of 25.3N 55.5<E and located along the
southern coast of the Arabian Gulf on the Arabian Peninsula.
Sharjah is classified as a dessert with hot climate and
characterized with its great arid land. Sharjah has mean
temperature of 18-34<C. Rain in Sharjah occur lightly and
infrequently with an average of 100 mm/year. The rainfall
season occurs from November to March, and about
two-thirds of the annual rainfall concentrates between
February and March. Location of Sharjah is shown in Fig. 1.
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Fig. 1. Location of Sharjah and Sharjah International Airport station.

Two types of monthly precipitation data sets were used in
this study:
Observed monthly rainfall data over the period of 1981 to
2015.
Future (projected) monthly rainfall data from Global
Climate Models (GCMs) for two different periods: near
future for the period of 2030-2064 and far future for the
period of 2065-2099.
Observed data were received from weather observation
station at the Sharjah International Airport. Future data
projections were obtained from four GCMs including NASA
Goddard Institute for Space Sciences E2 models
(GISS_E2 H and GISS E2 R), Meteorological Research
Institute model (MRI_CGCM3), and atmospheric coupled
chemistry version of the MIROC _ESM model
(MIROC_ESM_CHEM) (as recommended by [10]) listed in
Coupled Model Intercomparing Project phase 5 (CMIP5)
platform under different scenarios (Representative
Concentration Pathways (RCPs)) including RCPs 2.6, 4.5, 6
and 8.5. RCP 2.6 represents the lowest GHG emission
scenario, whereas RCP 8.5 represents the highest GHG
emission scenario. Detailed explanation of RCPs can be seen
in [11].

1l.
There are two main parts of the methodology: 1)
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calculation of monthly RAIs and Als using observed and
projected rainfall data, and 2) trend analysis of calculated
monthly RAI values.

A. Rainfall Anomaly Index

Drought indices are essential elements for an efficient
drought monitoring system. RAI is one of the commonly
adopted indices in the literature due to the advantages offered
by RAI for analyzing drought. RAI transforms information of
climatic anomalies in an easy way and allow the assessing
climatic anomalies in terms of their intensity, duration,
frequency and spatial extent [2].

The RAI is a meteorological drought index originally
designed by [12], [13]. The RAI strength lies in that it is easy
to calculate as it only requires one variable, precipitation, to
classify the drought occurrence and severity. It can be
calculated in monthly, seasonal or annual time scale. RAI is
particularly successful to detect persistence of drought
periods [14], and therefore it was adopted by several studies
([15], [16]). The RAI is categorized according to a
classification based on its value, which determines the
severity of the case from extremely wet to extremely dry as
shown in Table I.

TABLE I: RAI CLASSIFICATION
Index Value | Character of the weather
4 or more Extremely wet
31t03.99 Very wet
2102.99 Moderately wet
1t01.99 Slightly wet
0.99t0-0.99 | Near normal
-1t0-1.99 Mild drought
-2t0-2.99 Moderate drought
-3t0-3.99 Severe drought
-4 or less Extreme drought

RAI was computed for positive anomalies using (1) and for
negative anomalies using (2).

_ RF—MRF
RAI = +3(7MH10_MRF) 1)
_ RF—MRgFf
RAI = 3(—ML10_MRF (2)

In Equations (1,2), RF is the actual rainfall for a given time
scale, Mgr is mean of the total length of record, My is mean
of the ten highest values of rainfall on record, and My is the
ten lowest values of rainfall on record.

B. Aridity Index
One more drought index used in this paper as a benchmark
is the aridity index (Al). Al was developed by UNESCO [17]
and adopted by several studies to categorize the arid lands
[18]. Al represents the aridity in a ratio of precipitation (P) to
potential evapotranspiration (PET) and calculated by:

P

Al = o) )
In this study, PET is calculated using Thornthwaite method
as done in [19]. Thornthwaite method uses average monthly
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temperature to calculate PET. The Al index classification is
shown in Table I1.

TABLE Il: Al CLASSIFICATION [20]

Index Value | Character of the weather
0.03 or less Hyper-arid

0.03t0 0.20 | Arid

0.20t00.50 | Semi-arid

0.50 to 0.65 Dry sub-humid

C. Trend Analysis

After calculations of RAI and Al values using observed,
and projected near and far future data, non-parametric
Mann-Kendal (MK) test was applied to detect trends in this
study. It should be noted that trend analysis was applied only
for RAI values for the sake of brevity. Non-parametric tests
are usually applied for hydro-meteorological data trend
analysis, since hydro-meteorological data mostly follow
non-normal distribution [10]. The MK test was applied to
detect trends in observed and projected RAIs, since MK test
was used commonly in hydro-meteorological data trend
analysis (e.g., [21-[24]).

MK is a rank based nonparametric test that was developed
to detect linear or non-linear trends [25]. The z test statistics
of MK test can be calculated by:

S5-1

where S is calculated by

S=XR=1 Xopear SIN(XG — ) ©)
where,
1 if xj—x, >0
sgn(x; —x)=40  ifx—x=0 (6)
-1 lf Xj — Xk <0

In Equation (5), x;— X is the sequential data values, and n is
the number of observations. The Var(S) can be calculated by:

n(n-1)(2n+5)

Var(S)= s

)

In the MK test, positive z-statistics values indicate
increasing trends, whereas negative values indicate
decreasing trends. If the calculated z-statistics is higher than
the critical value at any significance level (i.e., 0.1, 0.05,
0.01), the trend is considered statistically significant at the
same significance level. It should be noted that trend analysis
was applied to monthly index values in this study.

S>0 IV. RESULTS AND DiscUSSION
Var (S)
z=150 S=0 @) A. RAIl and Al Results
S+1 $<0
Var (S)
TABLE Ill: MONTHLY MEAN OBSERVED AND FUTURE RAI VALUES

Future
Model Name Period | RCP | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.6 -1.0 -1.1 -0.6 -1.8 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.4 -1.0
Near 4.5 -1.1 -1.3 -0.5 -1.8 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.3 -1.0
future | 6 -0.9 -1.2 -0.8 -1.9 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.2 -0.9
8.5 -1.1 -1.2 -0.6 -1.7 -2.8 -3.0 -2.8 -3.0 -2.9 -2.8 -2.3 -1.0
GISS_E2_H 2.6 -1.2 -1.1 -0.4 -1.7 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.3 -1.3
Far 4.5 -1.3 -0.9 -0.7 -1.9 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.2 -1.1
future | 6 -1.2 -0.9 -0.7 -1.8 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.3 -1.0
8.5 -1.2 -0.8 -0.9 -1.8 -2.9 -3.0 -2.8 -3.0 -2.9 -2.8 -2.3 -1.1
2.6 -0.7 -0.9 -1.1 -1.9 -2.9 -3.0 -2.8 -3.0 -2.9 -2.8 -2.3 -1.1
Near 4.5 -1.1 -0.9 -0.6 -1.8 -2.9 -3.0 -2.8 -3.0 -3.0 -2.8 -2.3 -1.5
future | 6 -0.9 -0.6 -1.1 -2.1 -2.9 -3.0 -2.8 -3.0 -2.9 -2.8 -2.3 -1.2
8.5 -1.0 -1.0 -0.8 -1.7 -2.9 -3.0 -2.7 -3.0 -2.9 -2.9 -2.3 -1.0
GISS_E2 R 2.6 -1.2 -0.8 -0.6 -1.8 -2.9 -3.0 -2.8 -3.0 -3.0 -2.9 -2.2 -1.3
Far 4.5 -1.0 -0.6 -1.6 -1.6 -2.9 -3.0 -2.7 -3.0 -2.9 -2.9 -2.2 -1.2
future | 6 -0.7 -0.9 -0.8 -2.3 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.3 -1.2
8.5 -0.8 -1.2 -1.0 -2.3 -2.9 -3.0 -2.8 -3.0 -3.0 -2.9 -2.3 -0.8
2.6 -0.9 -1.1 -0.7 -1.6 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.4 -1.2
Near 4.5 -1.1 -1.0 -0.6 -1.5 -2.8 -3.0 -2.8 -3.0 -2.9 -2.9 -2.5 -1.2
future | 6 -1.0 -0.8 -0.7 -1.6 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.5 -1.4
8.5 -1.0 -1.1 -0.5 -1.4 -2.8 -3.0 -2.7 -3.0 -2.9 -2.9 -2.4 -1.5
MIROC_ESM_CHEM 2.6 -1.1 -1.0 -0.5 -1.5 -2.9 -3.0 -2.7 -3.0 -2.9 -2.9 -2.5 -1.4
Far 4.5 -1.0 -1.1 -0.5 -1.5 -2.8 -3.0 -2.7 -3.0 -2.9 -2.9 -2.4 -1.3
future | 6 -1.1 -0.9 -0.6 -1.6 -2.8 -3.0 -2.8 -3.0 -2.9 -2.9 -2.6 -1.3
8.5 -1.1 -1.2 -0.5 -1.4 -2.8 -3.0 -2.7 -3.0 -2.9 -2.9 -2.5 -1.3
2.6 -0.8 -0.9 -1.0 -2.2 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -1.0
Near 4.5 -0.8 -0.9 -1.0 -2.1 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -1.0
future | 6 -0.9 -1.0 -0.6 -2.1 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -1.1
8.5 -0.8 -0.9 -1.0 -2.2 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -1.0
MRI_CGCM3 2.6 -1.0 -1.0 -0.9 -2.0 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -0.9
Far 4.5 -0.8 -0.9 -1.0 -1.9 -2.9 -3.0 -2.8 -3.0 -2.9 -2.8 -2.0 -1.1
future | 6 -1.0 -1.0 -1.0 -2.0 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -0.8
8.5 -1.0 -0.9 -0.8 -2.2 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.1 -0.9
Observed -0.9 -0.9 -0.8 -1.8 -2.9 -3.0 -2.8 -3.0 -2.9 -2.9 -2.2 -1.1
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TABLE IV: MONTHLY MEAN OBSERVED AND FUTURE Al VALUES

Future
Model Name Period | RCP | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.6 0.8 0.9 1.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8
Near 4.5 0.7 0.7 1.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.7
future | 6 0.8 0.8 1.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8
8.5 0.5 0.6 1.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
GISS 82 H 26 |07 |12 |19 |03 |00 |00 Jo00 |00 |00 |00 |o0L o7
Far 4.5 0.4 1.1 1.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
future | 6 0.8 0.7 1.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.7
8.5 0.3 0.8 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
2.6 1.0 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
Near 4.5 0.7 11 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
future | 6 0.8 1.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
8.5 0.6 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
GISS E2R 2.6 0.5 0.8 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Far 4.5 0.6 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
future | 6 1.1 0.7 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
8.5 0.8 0.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
2.6 0.7 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
Near 4.5 0.7 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
future | 6 0.5 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
8.5 0.7 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
MRI_CGCM3 2.6 0.6 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
Far 4.5 0.5 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4
future | 6 0.5 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.7
8.5 0.6 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
Observed 0.7 0.7 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5

Table 111 shows monthly average RAI values for observed,
near and far future for four different models (i.e.,
GISS_E2 H, GISS_E2 R, MIROC_ESM_CHEM,
MRI_CGCMB3) under four RCPs (2.6, 4.5, 6, 8.5), whereas
Table 1V illustrates observed and projected (using data from
three global climate models including GISS E2 H,
GISS_E2 R and MRI_CGCM3) Al values.

As can be seen from Table Ill, the RAI values vary
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between -0.4 and -3. According to the classification (shown
in Table 1), RAI range indicates near normal conditions to
severe drought. The wettest month with the value of -0.4 is
March in the near future according to GISS_E2_H model,
and the lowest RAI value, which indicates a severe drought,
is -3 for June in all years (near and far future) for all models
and all RCPs, since June has zero precipitation for all years.
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Fig. 2. Projected and observed RAI values in months December and March.
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No clear pattern was found based on comparison between
mean monthly RAI values derived for future periods and
observed monthly RAI values. Also, comparison between far
future RAI values with near future RAI values resulted in no
clear pattern. It is worth to note that January and August are
the months almost all models (four GCMSs) resulted similar
results. In January, far future RAI values are higher than near
future RAI values, whereas in August, near future RAI values
are higher than far future RAI values almost for all models
and RCPs. Tabulated information in Table I, was shown
graphically in Fig. 2 for months December and March (as an
example).

As shown in Table 1V, for the months from May to
September, observed Al (derived using observed data)

indicated hyper-arid conditions. In future, there will be no
change in these months in terms of aridity (will stay as hyper
-arid) according to Al projections. Winter season months in
future will stay as humid based on projected Als (similar to
observed Als) with minor exceptions including the December
month (according to GISS _E2 R) and January month
(according to GISS_E2 H for far future under RCP 8.5),
which will be semi-arid. GISS E2 H and GISS E2 R
models will give more humid conditions in comparison with
MRI_CGCM3 model. Als showed that, in general, there will
no dramatic pattern change in drought conditions in future.

B. Trend Analysis Results

TABLE V: MK Z-STATISTICS FOR MONTHLY RAI VALUES

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 098 | -151 | -2.357 (0.95) 0.82 | -0.60 -0.58 000 | 028| -001| 132| -057
L LRCP25 023 | -0.90 135 | 022 | -044 | N/A 044 | 002 | 020 -002| 107 | -084
m' RCP 45 014 | -0.38 | -2.038 (0.95) 074 | -0.42 | NIA -0.40 002 | 022| -001| 115| -060
|
& | rRcPe -0.06 | -0.63 155 | 029 | -043 | N/A -0.44 002 | 020| -001| 075| -063
© | rRepss 034 | -051 021 | -086| -044 | NA -0.39 002 | 022| -001| 077| -061
x | RCP25 068 | -0.90 101 | -023 | -043 | N/A -0.45 002 | 007 -002| 089| -096
|
ml RCP 4.5 1.04 | -0.64 | -3.123(0.01) 024 | -0.44 | N/A -0.38 002 | 022 -002| 122 0.13
% | RCP6 121 | -153 092 | -105| -044 | NA -0.40 002 | 020| -036| o087| -057
(O]
RCP 85 118 | -1.14 | -2.109 (0.05) 164 | -0.42 | NIA -0.42 002 | 007 -002| 097]| -005
%I RCP 2.5 035 | -0.81 140 | 038 | -042 | N/A -0.40 002 | 022| -001| 075| -087
E}JE RCP 4.5 099 | -1.23 149 | 047 | 042 | NIA -0.40 002 | o021| -001| 114| -082
T
QO | RCP6 040 | -1.27 146 | 052 | -0.42 | N/A -0.44 002| 020 -002| 079| -018
= RCP 8.5 055 | -1.31 153 | -078 | -0.44 | N/A -0.44 002 | 022 -002| o079| -001
% RCP 2.5 027 | -1.26 143 | 024 | -042 | N/A -0.45 002 | 022| -002| 08| -012
O | RCP45 0.66 | -0.92 149 | 021 | -044 | NIA -0.44 002 | 022| -001| 103| -059
|
Z | RCP6 050 | -1.27 | -2.297 (0.05) 0.26 | -0.44 | N/A 044 | -002| 020| -002| 104 0.01
S [RCP85 037 | -1.23 126 | 072 | -042 | N/A 045 | 002 o021 -00L| 105]| -021
3 (a) Observed RAI Trend in January 4 (b) Observed RAI Trend in Februarv
2 2
1
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Fig. 3. RAI time series plots for selected months.
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As explained in the Methodology section, MK trend test
was applied to RAI values in this study. In Table V, MK test
z-statistics were shown for monthly observed and future
(near and far future were analyzed as a single future time
series data) RAI values.

In Table V, z-statistics indicating statistically significant
trends were shown in bold characters along with significance
levels (0.05 [95% significance] and 0.01 [99% significance]).
It should be noted that in June no z-statistics value was found,
since this monthly is completely dry both for observed and
projected future RAIls. Also, for other dry months, MK
z-statistics did not show much variation over years.
Considering MK is a rank based non-parametric test,
z-statistics are not very reliable for the dry months from May
to October.

As can be seen in Table V, decreasing observed and future
RAI trends were found in February, March, April and
December months, whereas increasing RAI trends were
detected in November and January months. However, only
decreasing RAI trends in March for observed, GISS_E2_H
(under RCP 4.5), GISS_E2_R (under RCPs 4.5 and 8.5), and
MRI_CGCM3 (under RCP 6) were statistically significant.

Fig. 3 illustrates time series plots and trend lines for
observed RAI values in January, February, March and
December months.

As explained before, February and March are the wettest
months in Sharjah, and decreasing trends were detected for
RAI values in February and March both for observed and
future periods, and some of the detected decreasing trends in
March is statistically significant. Decreasing trends in RAls
in wet months indicate further drying in wet season in
Sharjah. This may cause significant adverse effects on
agriculture activities in Sharjah. More negative RAI values
(caused by decreased precipitation) results in lower recharge
of groundwater aquifers in Sharjah.

V. CONCLUSIONS

In this study, drought intensity in Sharjah were assessed
using RAI and Al derived from monthly observed and
projected (through GCMs) rainfall data. The projections were
made for two different future periods: near future for the
period of 2030- 2064 and far future for the period of
2065-2099 under different greenhouse gas emission
scenarios (RCPs). Following calculation of observed and
projected RAIs, MK trend test was used to detect observed
and projected RAI trends.

No clear relationship was found based on comparison of
observed and projected data. It is not possible to state that
future will be drier or wetter for all months. However,
decreasing trends in RAIs (drier future) were detected for
wettest two months (February and March). Drier conditions
in February and March months may cause significant
problems in particular for agricultural activities.

It should be noted that this study is an initial stage of a
project. In further steps, more complex drought indices,
considering streamflow and soil moisture data in calculations,
will be applied. In this study, observed data from a single
station was used. Data from more observation stations over
UAE will be used and drought assessment will be conducted
for entire UAE in future steps of the project. This study
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provides useful information to policymakers in UAE for
better drought management in Sharjah, UAE.
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