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This paper analyses the present Egyptian Mediterranean coast (EMC)
climate and the response of its climate variables to global changes. First, the
accuracy of the ERA-Interim dataset (1979-2010) for the studied region is ex-
amined by comparing these data with available independent observations. Sec-
ond, the qualities of six global climate models (GCMs), together with the en-
semble mean of multiple model realisations of the A1B scenario, are examined
by comparing these with the ERA-Interim dataset. Finally, GCM simulations
are used to describe the uncertainties in future climate change along the EMC.

The results indicate that the observations are in good agreement with the
ERA-Interim data. The data for the EMC, 1979-2000, display a significant
positive trend for 2-m air temperature together with significant negative trends
for total precipitation and sea level pressure. The climate model that best de-
scribes the present EMC climate is the CGCM 3.1 model, which is used to de-
scribe the future climate of the study area. The CGCM 3.1 model indicates that
the EMC area will experience significant warming, substantial droughts, and a
weak decrease in sea level pressure in the end of the current century.
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1. Introduction

The Egyptian Mediterranean coast and its adjacent area (EMC), which ex-
tends from 25° to 34.5° East and 30° to 33° North (Fig. 1), represents an impor-
tant environmental resource for tourism, farming, and fisheries. Egypt is espe-
cially vulnerable to the effects of climate change due to its high population
density and inability to deal with extreme weather events. Moreover, the EMC
is exposed to sea level rise and land subsidence. Consequently, the EMC is re-
garded as an extreme hotspot of climate vulnerability, for example, by the Inter-
governmental Panel on Climate Change (IPCC). Designing appropriate adapta-
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tion and mitigation solutions calls for close study of how climate change will
affect the EMC, which is the aim of the present paper.

Some earlier relevant studies are available. Hafez and Hasanean (2000)
demonstrated that the amount of winter precipitation along the northern coast
of Egypt changed dramatically over the 1961-1999 period. They found that the
wettest (driest) winter was in 1983 (1979) and that the precipitation regime dif-
fered from the eastern (higher precipitation) to the western (lower precipitation)
parts of Egypt. Scavia et al. (2002) demonstrated that increasing air temperature
together with changed patterns of precipitation and wind are important climate
issues and are also responsible for sea level changes. Hasanean (2004a) found a
negative relationship between the North Atlantic Oscillation Index and winter
air temperature over Egypt; he also found that the coefficient of variation (COV)
of air temperature is 4-11% in winter over Egypt. The annual amount of Medi-
terranean precipitation has been declining since the mid twentieth century
(Hasanean, 2004b). Domroes and El-Tantawi (2005) stated that Egypt’s annual
mean air temperature increased by 0.6 °C decade™ from 1971 to 2000, most
markedly in the summer. Houghton et al. (2001) demonstrated that the fre-
quency of projected hot days in the twenty-first century would increase, as would
the incidence of droughts. Agrawala et al. (2004), using data from 17 GCMs but
only one emission level scenario (i.e., the B2 scenario), estimated that Egypt’s
annual average temperature and precipitation could change by +2.4 °C and
—13.2%, respectively, by 2100. Arnell (2004) stated that the projected global
warming in the current century for the B1, A1B, and A2 scenarios would be 1.7,
2.7, and 3.5 °C, respectively. The IPCC (2007) projected that the global surface
air temperature would increase by 1.8—4 °C by 2100, with the greatest warming
occurring in high-latitude areas. Alcamo et al. (2007) projected that annual mean
surface air temperatures in the northern Mediterranean region under the A1B
scenario would rise by 2.2-5.1 °C. The Mediterranean region is also projected to
experience a substantial increase in droughts (IPCC, 2007), and the UNDP
(2007) found that expected precipitation rates will decrease in Egypt. For the
Mediterranean region, global and regional climate models have projected a gen-
eral negative precipitation trend in the current century, subject to clear spatial
and seasonal variability (Giorgi and Lionello, 2008; Goubanova and Li, 2007).
Kjellstrom et al. (2011) suggested that identifying the uncertainty of future cli-
mate change would require multiple GCM realisations with several scenarios.

The European Centre for Medium-Range Weather Forecasts (ECMWF) da-
tasets (i.e., ERA-40 and ERA-Interim) were recently used for climate studies
(Berrisford et al., 2011; Douglas et al., 2009; Kaltenbrock et al., 2009). The total
precipitation values from the ECMWF datasets were in good agreement with
observations from the Mediterranean area (Accadia et al., 2005; Cherubini et al.,
2002). ECMWF data for the EMC area, however, have not previously been ex-
amined in much detail.



GEOFIZIKA, VOL. 30, NO. 1, 2013, 19-41 21

In 1996, the IPCC released the Special Report on Emissions Scenarios
(SRES). The SRES scenarios cover a wide variety of the main driving forces of
future emissions, ranging from demographic to technological and economic de-
velopments. They also cover the range of emissions of all relevant species of
greenhouse gases (GHGs) and sulphur, together with their driving forces IPCC,
2000). The present study examines three SRES emission scenarios, the A1B, A2,
and B1 scenarios.

This paper examines the EMC climate, first analysing observations and
ERA-Interim reanalysis values for the EMC. Then, 32 years (1979-2010) of re-
analysis data for the area, capturing air temperature at 2 m above sea level (75,,),
total precipitation (P), and sea level pressure (SLP), are studied. Finally, future
projections of the EMC climate up to 2200 are analysed using various global
climatic scenarios.

2. Materials and methods

This paper discusses current trends (1981-2010) and future scenarios (up to
2200) for the EMC climate, including the variables T, P, and SLP. These vari-
ables display large monthly, seasonal, inter-annual, and long-term variability.
To understand the dynamics of these variables and their responses to global
climate change, several data sources have been used, encompassing observation
and reanalysis data (Fig. 1) together with the results of six GCMs’ realisations.
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Figure 1. Sites of observations and ERA-Interim gridded data in the Egyptian Mediterranean study
area.
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2.1. Data

2.1.1. Observations

The direct observation time series analysed in the present study include:

— Observed three-hourly T, and SLP at the Ras El-Tin station (31.20° N,
29.88° E) from 1 January1998 to 31 December 2000 obtained from the Egyptian
army

— Observed hourly T, and SLP at the Port Said shallow-water station
(81.71° N, 32.4° E; 45-m water depth) from 1 February 1999 to 24 February 2000
obtained from Fugro Global Environmental and Ocean Sciences (Fugro GEOS),
which used an Aanderaa automatic meteorological station

— Observed hourly T, and SLP over deep water (32.60° N, 30.32° E; 1750-m
water depth) from 1 May 1999 to 30 April 2000 obtained from Fugro GEOS,
which used an Aanderaa automatic meteorological station

— Observed daily T, and SLP at Port Said Airport (31.3° N, 32.25° E) from
1997 to 2009 (http://www.wunderground.com)

— Observed daily P at Tel Aviv (32.10° N, 34.77° E), Bet Dagan (32.00° N,
34.80° E), and Beer Sheva (31.25° N, 34.82° E) from 1 January 1979 to 31 De-
cember 2004. These data were extracted from the KNMI Climate Explorer (cli-
mexp.knmi.nl)

2.1.2. Reanalysis

Reanalyzed gridded data on T,,, SLP, and P for the EMC were extracted
from the ECMWF data server for meteorological data (i.e., ERA-Interim). These
data have a 3-h temporal resolution and a spatial resolution of 0.75° X 0.75° over
the 1981-2000 period.

2.2. Results of six global climate models

GCMs are continuously improving and can provide projections based on
various forcing assumptions; however, their resolution is too coarse for the re-
gional and local scales (Rdisédnen and Alexandersson, 2003). The present paper
examines six GCMs to study the effects on the EMC of anthropogenic climate
change due to increased greenhouse gas emissions. Monthly average GCM sim-
ulation results for T5,,, SLP, and P were extracted from the KNMI Climate Ex-
plorer (climexp.knmi.nl), in which runs for three emission scenarios (i.e., A1B,
A2, and B1) are available. For each emission scenario, there were one to six re-
alisations of individual GCMs differing only in the initial conditions (Tab. 1).

2.3. Methodology

om» P, and SLP
call for various steps. The first step is to analyse the present climate system us-

Analysing recent climate trends and future scenarios for 7.
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Table 1. Simulations of various global climate models.

Emission Horizontal
GCM L scenario, . . . resolution,
name, Organisation number of Simulation period relevant
year realisations reference
. 1.9°x 1.9°
BCCR-BCM2.0 Bergen Climate
(BCM), 2005 Model (Norway) AlB,1 1850-2100 (De%%‘gz; al,
Canadian Centre AlB, 4 1850-2200
CGCM3.1 (T47), for Climate Mod- 2.8° % 2.8°
2005 elling and Analy- BI, 4 2001-2200 (Flato, 2005)
sis (Canada) A2, 1 2001-2100
Centre National A1B, 1 1860-2200 1.9° % 1.9°
de Recherches
CNRM-CM3, 2004 L . (Terray et al.,
Météorologiques 1998)
(France) A2, 1 2000-2100
Geophysical Fluid A1B, 1 1861-2300 2.5° longitude
Dynamics Labo- o oo ’
GFDL CM21, ratory climate 1317 1 2001-2100 2.0° latitude
2005 (Delworth et al.,
model, NOAA 2006)
(USA) A2,1 2001-2300
Max-Planck A1B, 3 1861-2200 190 % 1.9°
ECHAMS5/MPI-  Institute for Me- ) ’
OM, 2005 teorology Climate BL, 2 2001-2100 (Jung(;lggg)et al,
Model, (Germany) A2, 2 2001-2300
National Centre
for Atmospheric AlB, 6 1870-2350 1.4° % 1.4°
CCSM3.0, 2005 Tesearch (NCAR) (Collins et al.,
Community 2006)
Climate System A2, 3 2000-2100

Model (USA)

ing available observations, which will teach us how the present climate is chang-
ing in the region. The second step is to correlate local observations with indepen-
dent gridded datasets (ERA-Interim data). ERA-Interim data, based on both
observed and modelled information, capture the climate conditions on a larger
horizontal scale. The observations used in our analysis are independent of the
observations used in the gridded dataset’s numerical model. If the gridded data
reasonably represent the observations, they can be used to better characterize
the climate that the models simulate (the third step). The fourth step is to use
ERA-Interim data and to evaluate how well the climate models describe present
climate conditions. Based on this evaluation, future climate change uncertainties
can be described as related to emissions, boundary conditions, and the climate
model used.
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2.3.1. The gridded ERA-Interim dataset

Direct comparisons of the three-hour and daily time steps between observa-
tions and the ERA-Interim gridded dataset are used to test the accuracy of ERA-
Interim data. A direct comparison using regression analysis (the constant is zero)
to examine the similarity between both datasets yields the correlation coefficient
(R), standard error (SE), and number of observations (n). The regression equation
slope was tested to check the similarity of the two independent datasets, i.e.,
whether or not the slope is significantly equal to one, and hence to conclude
whether ERA-Interim data can be used in the analysis or whether they must be
calibrated by local observations. The t- and f-tests are used to confirm whether
the observations and reanalysis datasets come from the same population, i.e., do
they display equal means and variances. A coefficient of variation (COV) for each

standard deviation

ERA-Interim grid is calculated as 100 pev— to indicate the weather

variable stability, which increased with decreasing COV.

A linear trend analysis based on the ERA-Interim database from 1979 to
2010 1s used to characterize the climate change in the study area. For precipita-
tion analysis over the whole study area, trends in the number of significant
precipitation days (P > 0.1 mm day™) are described over three rain intensity
classes, depending on the mean and standard deviation. All linear trends analy-
sis has been tested for significance using ¢-test.

Finally, links between the North Atlantic Oscillation (NAO), captured by the
NAO Index, and winter changes in 7}, P, and SLP are investigated. The NAO
Index is extracted from the NOAA National Weather Service database (http:/
www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/nao_index.html); a positive
sign indicates cold, dry winters in the Mediterranean region while a negative

sign indicates warm, wet winters (Fig. 2).
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Figure 2. Monthly time series of the North Atlantic Oscillation (NAO) Index.
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2.3.2. Climate model results over the study area

The results of the six GCMs’ realisations of the A1B scenario for the 1981—
2000 period were examined using ERA-Interim data. Next, realisations that
reasonably simulated the current climate were used to identify the uncertainties
in the future EMC climate.

Monthly and annual averages are calculated for a 20-year control period,
1981-2000, to compare the GCM and ERA-Interim data. The only GCM sce-
nario used in this step is the A1B scenario. Direct bias (GCM — ERAInterim) is

GCM-ERAlInterim .

. . y .
used to test T,,, while bias percentage T R used to examine

total precipitation. Kjellstrom et al. (2011) described a technique for measuring

the agreement between the reanalysis and GCM-simulated results. This tech-
ol
nique is based on calculating the explained variance (E), defined as E=1- dz’ff ,

res

where o i is the variance of the difference between the simulated and reanalysis

i

long-term averages, while o7_ is the variance of the long-term reanalysis aver-
ages. When E is close to one, this indicates good agreement, whereas small or
negative values of E indicate poor agreement.

Thirty-year seasonal averages for T,,, P, and SLP for 2011-2040 to 2161—
2190 are calculated to describe future uncertainty scenarios. Only GCM realisa-
tions that reasonably simulate the current EMC climate are used to illustrate
the uncertainty of the future climate based on the A1B, A2, and B1 scenarios.

3. Results
3.1. Observations and reanalysis

In this section, three weather variable characteristics (i.e., T, P, and SLP)
are described using the observations. In addition, the feasibility of using ERA-
Interim reanalysis data in describing the study area climate is investigated by
means of direct comparison between observed and reanalysis values.

The three weather variable characteristics have been carefully validated
against observations from the stations. The results of this comparison are pre-
sented in Tab. 2, which indicates the following:

Observed T,,, values agreed well with ERA-Interim data, with a small an-
nual bias of 0-0.1 °C. The correlations over sea (0.98-0.99) are higher than over
land stations (0.9-0.96).

Twenty-six years (1979—2004) of data on average daily observed and re-
analysis precipitation (P) over the Middle Eastern grid of the study area (i.e.,
North Israel, Tel Aviv, and Bet Dagan) were significantly correlated, with no an-
nual bias. Thirty-two years (1979-2010) of comparable data for south Israel (Beer
Sheva) were significantly correlated, with an annual bias of 0.21 mmday™.
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Reanalysis sea level pressure (SLP) closely matched the observations, with
a negligible annual bias for all observation stations.

The statistical tests (¢- and f-tests) indicated that observed and reanalysis
T,., P, and SLP values form two equal distributions of mean and variance at a
99% significance level. Regression slopes (at zero constant) between the reanal-
ysis and observed data are close to one for the studied variables at the observa-

tion stations. The ERA-Interim dataset therefore seems to realistically describe
the EMC climate.

3.2. Trend analysis

In this section, 33 years of ERA-Interim Reanalysis data for three weather
variables (i.e., T,,, P, and SLP) are subject to trend analysis.

Average and trend statistics for the three weather components over the EMC
captured by ERA-Interim reanalysis data are shown in Fig. 3. Figs. 4-6 show
seasonal time series for different weather variables.

The annual average values of T,, and the corresponding positive linear
trends are spatially distributed; for example, air temperature increases moving
inland from the coast. Approximately 92% of the study areas have a T, linear
trend of 0.40-0.57 °C decade™; all the oceanic study area lies in this range (Fig.
3a). The annual COV of air temperature ranges spatially from 20.9% to 41.5%
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Figure 3. Annual average (right legend) and trend (upper legend) statistics for (a) 2-m air tem-
perature, (b) total precipitation, and (c) sea level pressure over the Egyptian Mediterranean coast
using ERA-Interim reanalysis data.
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Figure 4. Four seasonal time series and linear trends (black dashed line) for 2-m air temperature
over the Egyptian Mediterranean coast region. Linear trend line equations for each season are pre-
sented on the left-hand side.

with an average value of 26.2%. The annual COV of T, changes substantially
in the latitudinal direction (i.e., it increases moving inland), but very weakly in
the longitudinal direction (data not shown). This means that T, is less variable
over sea than it is over land. In general, relatively cool months occur from De-
cember to February, though they occur in only January and February after 1994.
This may indicate a climate shift over the studied region. Years with much
cooler winters over the EMC were 1983, 1992, 1993, 1989, and 2000 (< 14.1 °C;
winter mean — winter standard deviation), while much warmer winters occurred
in 2001, 2009, and 2010 (> 15.5 °C; winter mean + winter standard deviation).
Air temperature at 2 m height displayed seasonal variability, with average val-
ues varying from 14.8 °C (winter) to 26.5 °C (summer) and linear increasing
trends ranging from 0.024 °C decade™ (spring) to 0.52 °C decade™ (summer), as
seen in Fig. 4. Moreover, COV also displayed seasonal variability over the whole
study area, ranging from 9.6% (summer) to 19.9% (autumn); the seasonal COV
variability agrees with the results of Hasanean (2004a) and Hasanean and Abdel
Basset (2006).

Annual average values of P (0.053—-1.394 mm day ) displayed a spatial dis-
tribution with increasing values towards the north and east. Total precipitation
annual COVis high (> 100%) for each grid, which means that total precipitation
varies considerably. The annual trend in P was also spatially distributed, vary-
ing between non-significant and negative (i.e., —0.137 mm day " decade™). More
than 63% of the study area has non-significant precipitation trends, highly sig-
nificant precipitation trends (i.e., > 0.05 mm day " decade™) being found only in
the eastern part of the study area (Fig. 3b). Overall, extremely wet winters oc-
curred in 1992, 1991, 1983, 1988, 2003, and 1996 (> 1.13 mm day *; winter mean
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Figure 5. Seasonal time series and linear trends (black dashed line) for total precipitation over the
Egyptian Mediterranean coast region in (a) winter and spring and (b) summer and autumn. Linear
trend line equations for each season are presented on the left-hand side.

+ winter standard deviation), while extremely dry winters occurred in 1979,
2001, 2010, 1999, and 1995 (< 0.61 mm day'; winter mean — winter standard
deviation). There was an obvious (Fig. 5) seasonal distribution for average P
values (0.025—0.870 mm day™) and trends (non-significant to —0.045 mm day*
decade™), in agreement with Hasanean (2004b). The maximum annual average
value and trend of P are observed in winter, while the minimum value and trend
are observed in summer.

Generally, wet days (P> 0.1 mm day™) are divided into three groups: (1) low
wet days (0.1 < P < 1.5 mm day’; daily mean + daily standard deviation), (2)
moderate wet days (1.5 < P < 4 mm day™'; daily mean + 3 X daily standard de-
viation), and (3) high wet days (P> 4 mm day™"). The annual total number of low
wet days (mean = 85.7 days) decreased by 20.4 days from 1979 to 2010. Over the
same period, the annual total number of moderate wet days (mean = 22.3 days)
decreased by 4.5 days, while the annual total number of high wet days (mean =9.5
days) decreased by one day. The study area is therefore safe from reservoir break-
age and floods, while it is expected to suffer from drought in the future.
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The average annual SLP values (1013.12-1015.47 mbar) were spatially dis-
tributed, generally decreasing eastward (Fig. 3c). The COV of SLP is annually
homogenous over the study area (i.e., 0.5%), meaning that SLPis a highly stable
variable. The annual linear negative trend of SLP displayed an obvious spatial
distribution, i.e., it was non-significant over the south-west of the study area but
reached to —0.33 mbar decade™ over the north-west of the study area. SLP dis-
played seasonal variability, with average values ranging from 1009.8 mbar (sum-
mer) to 1017.4 mbar (winter), and a linear trend ranging from non-significant
(winter) to —0.52 mbar decade™ (summer), as shown in Fig. 6. This seasonal
variability of SLP average values may be due to the inverse relationship between
T,,, and SLP. In addition, the COV of SLP displayed seasonal variability ranging
from 0.28% (summer) to 0.48% (winter).

Generally, T,,,, P, and SLP are significantly related to the NAO Index in
winter, cooler winters being related to positive NAO Index values and warmer
winters to negative ones. The correlation coefficient between the winter NAO
Index and the T, index is significant (R = —0.49, n = 32, level of significance
>99%), which agrees with Hasanean’s (2004a) results. High (low) winter pre-
cipitation occurred with positive (negative) NAO Index values. The winter NAO
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Index and P are significantly correlated (R = 0.33, n = 32, level of signifi-
cance = 94%), as are the winter NAO Index and SLP (R = 0.73, n = 32, level of
significance >99%).

3.3. Scenarios

In this section, the results of six GCMs with different scenarios and initial
conditions (realisations) are investigated for T, P, and SLP.

Control climate period (1981-2000)

Tab. 3 shows the performance of 16 realisations of the A1B scenario. The
ensemble mean of all 16 realisations of the A1B scenario (EMR16-A1B) is com-
puted and presented for each variable in the last row of Tab. 3. The results in
Tab. 3 are subjected to the ¢-test to determine whether the model-estimated
values are significantly lower or higher than the ERA-Interim reanalysis values.

In the case of T,,,, most GCM simulations (except the CNRM-CM3 model)
insignificantly underestimate/overestimate monthly and annual 7}, with respect
to ERA-Interim data. The ensemble mean of all Ty, realisations indicated insig-
nificantly lower estimates of monthly 7, ranging from 0.1 °C lower (July and

August) to 1.5 °C lower (April), with the annual estimate being 1 °C lower.

For P, the CGCMS3.1 model’s various realisations (i.e., 11-14) insignificantly
underestimated/overestimated the annual mean P when compared with the
ERA-Interim data, while the other GCMs exhibit significant departures from
the ERA-Interim data. The ensemble mean of all P realisations indicated an
insignificant annual underestimation of approximately 21% in the rainy months
from October to March (range, 13—-38%) and 34—202% overestimation in the rest
of the year. GCM performance varies considerably from month to month.

For SLP, the E value is used to examine the agreement between simulated
and ERA-Interim data. The best-fit SLP realisations for the study area during
the control period (annual E > 0.6) are four realisations of CGCM3.1 and three
realisations of ECHAMS/MPI-OM together with BCM, while the ensemble mean
of all SLP realisations is in good agreement with the ERA-Interim data (annual
E=0.8). For most realisations, there is poor (reasonable) monthly (annual) agree-
ment between simulated realisations and ERA-Interim data. Generally, the
various GCM realisations overestimate SLP by 2—-3 mbar compared with ERA-
Interim reanalysis data (not shown).

Generally, EMR16-A1B produces a better annual simulation of SLP than do
individual simulations; moreover, EMR16-A1B reasonably simulates 7, and P.
This indicates that the averaging cancels out some of the individual simulation
errors.

Consequently, all CGCM3.1 model realisations (i.e., i1-14) for the A1B sce-
nario, together with the EMR16-A1B simulations, are the best simulations de-
scribing the control period climate and would be usable for studying future cli-
mate uncertainties over the EMC.
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Future climate change

In this section, all realisations of the CGCMS3.1 model for scenarios A1B, B1,
and A2 together with EMR16-A1B, the ensemble mean of all seven realisations
of the B1 scenario (EMR7-B1), and the ensemble mean of all eight realisations
of the A2 scenario (EMR8-A2), are used to describe future climate uncertainties
for the EMC region (Tab. 1 and Fig. 7).

A. 2-m air temperature

All used scenarios indicate a significant increase in T,, over the EMC be-
tween the end of the 1981-2010 reference period and 2071-2100. CGCM3.1-A2
and EMRS8-A2 simulations project the highest warming of approximately 2.7 °C
and 2.4 °C, respectively, while four realisations of CGCM3.1 for the A1B sce-
nario and EMR16-A1B project a moderate warming of 1.7—1.9 °C. Four realisa-
tions of CGCMS3.1 for the B1 scenario and EMR7-B1 project the lowest warming
of 0.7-1.2 °C.

From 2071-2100 to 2161-2190, Ty, is projected to increase slightly over the
EMC by between 0.1 °C (CGCM3.1-B1-i1) and 0.8 °C (EMR16-A1B).

B. Total precipitation

From the end of the reference period to 2071-2100, eight of nine used realisa-
tions projected a significant decrease in Pranging from 0.11 mmday™ (CGCMS3.1-
A1B-i4) to 0.04 mm day™' (CGCMS3.1-A1B-i1 and CGCMS3.1-B1-i4). The EMR16-
A1B, EMR8-A2, and EMR7-B1 simulations projected significant decreases of 0.07,
0.06, and 0.04 mm day*, respectively, while the CGCM3.1-B1-i3 model projected
insignificant change in P throughout the studied future period.

From 2071-2100 to 2161-2190, five of seven used realisations of the A1B
and B1 scenarios together with EMR16-A1B and EMR7-B1 simulations pro-
jected insignificant change in P, CGCM3.1-B1-12 projected a significant increase
of approximately 0.03 mm day™ and CGCM3.1-A1B-i2 a significant decrease of
about 0.03 mm day ™.

C. Sea level pressure

Only A1B and A2 scenarios were used in the available GCMs to project SLP.
In the current century, three of five used realisations together with EMR16-A1B
projected insignificant change in SLP values, while EMR8-A2, CGCM3.1-A1B-i4,
and CGCM3.1-A2 projected smaller decreases of 0.3, 0.4, and 0.6 mbarcentury,
respectively. For the following century, all the used realisations and EMR16-A1B
projected insignificant change in SLP values.

Generally, significant seasonal changes in warming, drought, and the SLP
system are projected over the study area (data not shown) in the current century:

— For the A1B scenario, EMR16-A1B projected seasonal warming (drought)
ranging from 1.9 °C century ' (non-significant tendencies) in summer to 1.5 °C cen-
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Figure 7. Thirty-year running annual means for (a) 2-m air temperature, (b) total precipitation, and
(c) sea level pressure anomalies with reference to the 1981-2010 averages for various GCM sce-
narios (no B1 scenario for sea level pressure). (The results of the Global Climate models are used to
calculate the characteristics of the reference period)
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tury” (=0.1 mm day ' century ™) in winter. The seasonal variability of the SLP
linear trend would range from —1.17 mbar century ' in summer to 0.81 mbar cen-
tury™ in winter.

— For the A2 scenario, EMR8&-A2 projected a seasonal warming trend ranging
from 2.9 °C century™ in summer to 2 °C century ' in winter. The seasonal vari-
ability of the P (SLP) linear trend would range from non-significant tendencies
(~1.53 mbar century™) in summer to —0.12 mm day " century™ (0.83 mbar cen-
tury™") in winter.

—For the B1 scenario, EMR7-B1 projected a seasonal warming trend ranging
from 1.3 °C century™ in spring to 1 °C century™ in winter and autumn. This
simulation projected seasonal variability of the P linear trend ranging from non-
significant (summer) to —0.06 mm day ' century ' (winter and spring).

4. Summary and conclusion

The studied reanalysis data were significantly correlated with independent
observations, with a regression slope significantly equal to one. Standard statis-
tical tests (i.e., t- and f-tests) indicated similar distributions of mean and variance
values, indicating that the ERA-Interim data can be used to characterize the
present EMC climate.

The values of individual weather variable averages and trends together with
regression comparisons are shown in the figures and tables. Air warming to-
gether with decreasing precipitation rates and SLP are the important changes
characterising the future EMC climate. During the 1979—2010 period, ERA-In-
terim data indicated that the annual average values (trend) of air temperature,
total precipitation, and SLP would be 20.56 + 5.3 °C (0.5 °C decade™),
0.432 + 1.35 mm day' (-0.03 mm day" decade™), and 1014.26 + 5 mbar
(-0.3 mbar decade™), respectively. The trends and annual average values for the
studied weather variables over the last three decades display particular spatial,
hourly, and seasonal distributions along the study area. The 2-m air tempera-
ture, SLP, and total precipitation are clearly linked with the NAO Index.

Air temperature increased towards the south, except in the eastern part of
the EMC, while SLP increased towards the west. Precipitation is significantly
greater in the north than the south and in the east than the west, which means
that the study area is subject to four precipitation regimes, in agreement with
Hafez and Hasanean (2000). The precipitation pattern will probably display a
climate shift towards an extremely wet season.

During the 1979-2010 study period, SLP is the climate variable displaying
the lowest interannual variability. Air temperature at 2 m also displays low
interannual variability, possibly due to the moderating effect of the Mediterra-
nean Sea, which reduces temperature variability. Total precipitation displays
high interannual variability. SLP and 2-m air temperature display high (low)
seasonal variability in winter (summer) time.
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In the third part of the paper, future climate change uncertainties in terms
of Ty, P, and SLP are described over the EMC based on six GCMs. Based on
comparing the ERA-Interim reanalysis data with the results of six GCM realisa-
tions of the A1B scenario during the control period, four CGCM3.1 model realisa-
tions of the A1B scenario together with the ensemble mean of all 16 realisations
of the A1B scenario are found to be the best available simulations describing the
current EMC climate.

Generally, in the current century, there is projected to be a significant in-
crease in the annual average T, ranging from 0.7-1.1 °C (B1 scenario) to 1.7—
2 °C (A1B scenario) and 2.4-2.7 °C (A2 scenario), most markedly in summer.
This warming was in good agreement with that predicted in the IPCC (2007)
report, but less than the global warming of 0.6 °C predicted by Arnell (2004) and
less than the northern Mediterranean region warming of 0.4 °C predicted by
Alcamo et al. (2007), partly because the study area is a coastal region. Moreover,
P was projected to decrease significantly, by 0.11-0.04 mm day ™', with the A1B
and A2 emission scenarios, most markedly in winter; on the other hand, the B1
scenario projected an insignificant change. The substantial droughts projected
for the study area agree with the IPCC (2007) report predictions and with the
results of Goubanova and Li (2007) and Giorgi and Lionello (2008). For SLP, the
results of the A2 scenario indicate a small decrease while those of the A1B sce-
nario indicate insignificant change.

The EMC area is exposed to climate change, and its responses in terms of
T,., P, and SLP are now better understood. This information will constitute a
useful database with which to improve the adaptation tools needed to address
the area’s climate change problems by 2200. Moreover this information can be
used to forecast the oceanic conditions in the EMC region for the coming 100
years, using a coupled ocean—atmosphere model. The projection of oceanic condi-
tions, especially sea level rise, is one of the most important climate change tasks.
Sea level rise would significantly harm much of the Egyptian Mediterranean
coast, which is only 2 m above the mean sea level, by submerging and destroying
its protective sand belt.

The conclusions of the present work can be summarized as follows:

— The Egyptian Mediterranean coast climate is expected to change dramat-
ically by the end of the current century, with especially dramatic changes in
terms of warming and increased drought conditions.

— The potential effects of climate change are expected to have many socio-
economic impacts, changing, for example, agricultural patterns and water de-
mand. Moreover, the spatial and temporal distribution of different weather vari-
able trends will affect the present balance between water resources and demand
and between crop production and needed temperatures and water.

— In addition, climate change may affect the marine systems by changing
sea waves and current systems together with navigational channels and the sea
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level. The Egyptian government and citizens need to work together to find ad-
aptation solutions to address change in the Egyptian Mediterranean coast cli-
mate.
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SAZETAK

Recentni klimatski trendovi i buduéi scenariji duz egipatske obale
Sredozemlja

Mohamed Shaltout, Ahmed El Gindy i Anders Omstedt

Ovaj rad analizira sadasnju klimu mediteranskog obalnog podrucja Egipta (EMC) i
odziv odgovarajuc¢ih klimatskih varijabli na globalne promjene. Ispitano je podudaranje
ERA-Interim baze podataka za razdoblje 1979-2010 za promatrano podrudje s raspolozivim
podacima neovisnih opazanja. Nadalje, usporedbom s ERA-Interim bazom podataka ispi-
tana je pouzdanost Sest globalnih klimatskih modela (GCM), zajedno sa srednjakom ans-
ambla visestrukih modelskih realizacija A1B scenarija. Kona¢no, GCM simulacije su
koristene za opisivanje nepouzdanosti u buduéoj promjeni klime duz EMC-a.

Rezultati pokazuju da se opazanja dobro slazu s ERA-Interim podacima. Podaci za
EMC u razdoblju 1979-2010 ukazuju na signifikantni pozitivni trend temperature zraka
na 2 m visine, koji je popracen signifikantnim negativnim trendovima ukupne oborine i
tlaka zraka na morskoj razini. Klimatski model koji najbolje opisuje sadasnju EMC klimu
je CGCM 3.1, koji je upotrebljen za opisivanje buducée klime razmatranog podrucja. Mod-
el CGCM 3.1 ukazuje na to da EMC podrucje krajem ovog stolje¢a ocekuje signifikantno
zatopljenje uz znacajne suse i blago smanjenje tlaka zraka na razini mora.

Kljucne rijeci: Sredozemno more, Egipat, temperatura zraka, oborina, tlak zraka na
razini mora, klima, analiza trenda, klimatski modeli
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