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ANNEX I: HAZARD CHARACTERIZATION AND CLIMATE CHANGE
1. INTRODUCTION

This annex presents the detailed information concerning the climate data used in the project
Integrated Coastal Zone Management in Egypt - A Scoping Study. One of the main efforts made in
this work consisted in describing the hazard, herein characterized by historical information and
future projections of climatic drivers. They include waves, storm surge, sea level, sea surface
temperature, air temperature and precipitation. Its analysis allows the definition of climatic
conditions at different time horizons and assessments: historical, present, near-term prediction or
climatic projections throughout the 21% century.

The results of the climate drivers are given along the Egyptian Northern Coast in the different coastal
points previously defined (every 10 km). The Egyptian northern coastline is indicated in each figure
and is referenced by its longitude (x-axis) and latitude (y-axis).

2. HISTORICAL CHARACTERIZATION OF CLIMATIC DRIVERS

The historical characterization of the climatic drivers allows to assess how they have changed over
the last decades and how they have contributed to coastal impacts.

2.1. Waves: GOW database (spatial resolution: 0.125°)

The GOW (Global Ocean Waves) database comprises hourly data of waves with a spatial resolution of
0.125° for the period 1979-2015 (Reguero et al., 2012). The following figures show the spatial
variability of wave statistics along the Egyptian coast.
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Fig. 1 Mean value of the hourly mean significant wave height (m) for the period 1979-2015

(4]
N

Latitude (°}
w
w 2
=Sowm;
X
>

1 1
W A O O N ®

Maximum significant wave height (m)
T T T T T T

w
I
3

N
&
)
o>
N
~
N

@

29 30 31 32 33 34
Longitude (°)

Fig. 2 Maximum value of the hourly mean significant wave height (m) for the period 1979-2015
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Fig. 3 1-in-50 year significant wave height (m) for the period 1979-2015
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Fig. 4 1-in-100 year significant wave height (m) for the period 1979-2015
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Fig. 5 Mean value of the wave energy flux (kW/m) for the period 1979-2015
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Fig. 6 Mean value of the significant wave height only exceeded 12 hours per year (m) for the period 1979-2015
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2.2. Storm surge: GOS database (spatial resolution: 0.064° x 0.114°)

The GOS (Global Ocean Surges) database comprises hourly data of storm surge with a spatial
resolution of 0.064° x 0.114° for the period 1979-2014 (Cid et al., 2014). The following figure show
the spatial variability of the 99" percentile of storm surge along the Egyptian coast.
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Fig. 8 Value of the 99 percentile of storm surge (cm) for the period 1975-2015
2.3. Sea surface temperature: GRHSST database (spatial resolution: 0.05°)

The GRHSST (Group for High Resolution Sea Surface Temperature) database comprises hourly data of
sea surface temperature with a spatial resolution of 0.05° for the period 1985-2015 (Robert-Jones et
al., 2012). The following figures show the spatial variability of the minimum, mean and maximum
values of sea surface temperature along the Egyptian coast.
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Fig. 9 Minimum value of the sea surface temperature (°C) for the period 1985-2015
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Fig. 9 Mean value of the sea surface temperature (°C) for the period 1985-2015
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Fig. 10 Maximum value of the sea surface temperature (°C) for the period 1985-2015
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2.4. Air temperature: Seawind Il database (spatial resolution: 0.125°)

The Seawind Il database comprises hourly data of air temperature with a spatial resolution of 0.125°
for the period 1989-2015 (Donlon et al., 2012). The following figures show the spatial variability of
the mean monthly values of the minimum, mean and maximum air temperature along the Egyptian
coast. Please, note that air temperature data are obtained from the ocean model and consequently
can be considered as a lower limit.
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Fig. 11 Mean value of the monthly minimum air temperature (°C) for the period 1989-2015
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Fig. 12 Mean value of the monthly mean air temperature (°C) for the period 1989-2015
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Fig. 13 Mean value of the monthly maximum air temperature (°C) for the period 1989-2015

2.5. Precipitation: Seawind Il database (spatial resolution: 0.125°)

The Seawind Il database comprises hourly data of precipitation with a spatial resolution of 0.125° for
the period 1989-2015. The following figures show the spatial variability of the annual mean
precipitation, the validation of the Seawind Il dataset in Alexandria and Marsa Matrouh with GHCN
(Global Historical Climatology Network - Daily) data to demonstrate its good performance along the
Egyptian coast, and the monthly mean value of precipitation during wet and dry seasons (April to
September and October to March, respectively).
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Fig. 14 Mean value of the annual precipitation (mm) for the period 1989-2015
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Seawind Il validation in Alexandria and Marsa Matrouh with GHCN stations data
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Fig. 16 Seawind Il validation in Marsa Matrouh and Alexandra GHCN stations with GHCN data
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Fig. 17 Monthly mean value of precipitation (mm) during dry season (April to September) for the period 1989-
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3. NEAR- AND LONG-TERM PROJECTIONS OF CLIMATIC DRIVERS

The way the atmosphere will behave under different climate change scenarios is derived by global
circulation models (GCM). GCMs are numerical models that represent physical processes in the
atmosphere, ocean, cryosphere and land surface and are the most advanced tools currently available
for simulating the response of the global climate system to increasing greenhouse gas concentrations
(IPCC, 2013). Herein climate driver projections derived from GCMs are presented for the near- and
long-term, and under two Representative Concentration Pathways (RCP) scenarios based on
Greenhouse gas (GHG) emissions: RCP4.5, corresponding to a pathway with moderate GHG
emissions; and RCP8.5, that accounts for the pathway with the highest GHG emissions.

3.1. Waves: GOW projections (spatial resolution: 0.125°)

Wave statistics projections have been developed at a spatial resolution of 0.125° (Perez et al., 2015)
using 17 GCMs from the Coupled Model Intercomparison Project Phase 5 (CMIP5, Taylor et al., 2012).
The following figures show the results for the RCP4.5 and RCP8.5 scenarios, and for the periods 2010-
2039 and 2040-2069 with respect to the reference period 1975-2004.
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Fig. 18 Changes in the mean value of the significant wave height (cm) under RCP4.5 for the period 2010-2039 with respect to
the reference period 1975-2004

Changes in mean significant wave height under RCP4.5 for the period 2040-2069 (cm)
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Fig. 19 Changes in the mean value of the significant wave height (cm) under RCP4.5 for the period 2040-2069 with respect to
the reference period 1975-2004
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Fig. 20 Changes in the mean value of the significant wave height in (cm) under RCP8.5 for the period 2010-2039 with respect
to the reference period 1975-2004
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Changes in mean significant wave height under RCP8.5 for the period 2040-2069 (cm)
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Fig. 21 Changes in the mean value of the significant wave height in (cm) under RCP8.5 for the period 2040-2069 with respect
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Fig. 22 Changes in the mean value of the wave energy flux (W/m) under RCP4.5 for the period 2010-2039 with respect to the
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Changes in mean wave energy flux under RCP4.5 for the period 2040-2069 (W/m)
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Fig. 23 Changes in the mean value of the wave energy flux (W/m) under RCP4.5 for the period 2040-2069 with respect to the
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Fig. 24 Changes in the mean value of the wave energy flux (W/m) under RCP8.5 for the period 2010-2039 with respect to the
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3.2. Storm surge: GOS projections (spatial resolution: 0.064° x 0.114°)

The storm surge projections have been developed at a spatial resolution of 0.064° x 0.114° using 6
GCMs from the CMIP5 (Taylor et al., 2012). The following figures show the 99" percentile of storm
surge projected for the RCP4.5 and RCP8.5 emission scenarios, and for the period 2070-2099 with
respect to the reference period 1975-2004. Results for the near term are not available.

Changes in 99th percentile of storm surge under RCP4.5 for the period 2070-2099 (cm)
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Fig. 26 Changes in the 99t" percentile of storm surge (m) under RCPA4.5 for the period 2070-2099 with respect to the
reference period 1975-2004

Changes in 99th percentile of storm surge under RCP8.5 for the period 2070-2099 (cm)
T T

32 T T T T T T T 0.8

= 0.4
o 315 et tttaany, gos
: . . % .
® ST g -04
)

305 1 Il 1 Il Il Il Il Il 1 '08

25 28 27 28 29 30 31 32 33 34
Longitude {°)

Fig. 29 Changes in the 99t" percentile of storm surge (m) under RCP8.5 for the period 2070-2099 with respect to the
reference period 1975-2004

3.3. Sea level rise: Slangen et al. (2014) (spatial resolution: 1°)

Slangen et al. (2014) developed the regionalized global sea-level projections in all the basins around
the world at a spatial resolution of 1°. They have been developed under the RCP4.5 and RCP8.5
scenarios and for the period 2081-2100 with respect to the reference period 1985-2005. Using the
global mean values of sea level rise provided by the IPCC (Church et al., 2013) over the 21 century
and assuming the same spatial distribution patterns of the regionalized global sea-level projections
for the end of the century, regional sea level rise for the periods 2016-2035 and 2040-2069 have
been herein derived. The following figures show sea-level rise projections for the RCP4.5 and RCP8.5
emission scenarios, and for the periods 2016-2035, 2046-2065 and 2081-2100, with respect to the
reference period 1985-2005.
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Fig. 27 Relative sea level rise (m) under RCP4.5 for the period 2016-2035 with respect to to the reference period 1986-2005
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Relative Sea level Rise under RCP4.5 for the period 2046-2065(m)
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Fig. 28 Relative sea level rise (m) under RCP4.5 for the period 2046-2065 with respect to to the reference period 1986-2005
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Fig. 29 Relative sea level rise (m) under RCP4.5 for the period 2081-2100 with respect to to the reference period 1986-2005
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Fig. 30 Relative sea level rise (m) under RCP8.5 for the period 2016-2035 with respect to to the reference period 1986-2005
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Fig. 31 Relative sea level rise (m) under RCP8.5 for the period 2046-2065 with respect to to the reference period 1986-2005
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Fig. 32 Relative sea level rise (m) under RCP8.5 for the period 2081-2100with respect to to the reference period 1986-2005
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3.4. Sea surface temperature: CMIP5 (spatial resolution: 1°)

Sea surface temperature projections have been assembled using the results given by the CMIP5
models at al spatial resolution of 1° (Taylor et al., 2012). The following figures show changes in the
minimum, mean and maximum values of sea surface temperature for the RCP4.5 and RCP8.5

emission scenarios, and for the periods 2030-2040 (near-term) and 2050-2070 (long-term) with
respect to the period 1986-2005.
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Fig. 33 Changes in the minimum sea surface temperature (°C) under RCP4.5 for the period 2030-2040 with respect to to the
reference period 1986-2005

Changes in mean sea surface temperature under RCP4.5 for the time period 2030-2040 (-c 5
T T T T T T T T T
< \ 2
-8 315 PR R - 1
g 0
£ 8r : -1
| -2
305 1 1 1 1 1 1 1 1 1

N
w

29 30
Longitude (%)

31 32 33

34

-3

Fig. 34 Changes in the mean sea surface temperature (°C) under RCP4.5 for the period 2030-2040 with respect to to the
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Fig. 35 Changes in the maximum sea surface temperature (°C) under RCP4.5 for the period 2030-2040 with respect to the

reference period 1986-2005
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Fig. 39 Changes in the minimum sea surface temperature (°C) under RCP4.5 for the period 2050-2070 with respect to to the

reference period 1986-2005
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Fig. 36 Changes in the mean sea surface temperature (°C) under RCP4.5 for the period 2050-2070 with respect to to the
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Fig. 37 Changes in the maximum sea surface temperature (°C) under RCP4.5 for the period 2050-2070 with respect to the
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reference period 1986-2005
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Fig. 38 Changes in the minimum sea surface temperature (°C) under RCP8.5 for the period 2030-2040 with respect to the
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reference period 1986-2005
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Fig. 39 Changes in the mean sea surface temperature (°C) under RCP8.5 for the period 2030-2040 with respect to the
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Fig. 40 Changes in the maximum sea surface temperature (°C) under RCP8.5 for the period 2030-2040 with respect to the

reference period 1986-2005
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Changgs in minimum sea surface temperature under RCP8.5 for the time period 2050-2070 (°¢)
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Fig. 41 Changes in the minimum sea surface temperature (°C) under RCP8.5 for the period 2050-2070 with respect to the

reference period 1986-2005
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Fig. 42 Changes in the mean sea surface temperature (°C) under RCP8.5 for the period 2050-2070 with respect to the

reference period 1986-2005
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Fig. 43 Changes in the maximum sea surface temperature (°C) under RCP8.5 for the period 2050-2070 with respect to the

reference period 1986-2005

3.5. Air temperature: CMIP5 (spatial resolution: 1°)

Air temperature projections have been assembled using the results given by the CMIP5 models at al
spatial resolution of 1° (Taylor et al., 2012). The following figures show changes in the mean value of
the monthly minimum, mean and maximum air temperatures for the RCP4.5 and RCP8.5 emission
scenarios, and for the periods 2030-2040 and 2050-2070 with respect to the reference period 1986-

2005. Please, note that air temperature projections are obtained from the ocean model and
consequently can be considered as a lower limit of the projections.
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Fig. 44 Changes in the mean value of the monthly minimum air temperature (°C) under RCP4.5 for the period 2030-2040
with respect to the reference period 1986-2005
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Cha£§es in mean monthly mean air temperature(°C) under RCP4.5 for the period 2030-2040
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Fig. 49 Changes in the mean value of the monthly mean air temperature (°C) under RCP4.5 for the period 2030-2040 with

respect to the reference period 1986-2005
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Fig. 45 Changes in the mean value of the monthly maximum air temperature (°C) under RCP4.5 for the period 2030-2040

with respect to the reference period 1986-2005
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Fig. 46 Changes in the mean value of the monthly minimum air temperature (°C) under RCP4.5 for the period 2050-2070

with respect to the reference period 1986-2005
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Fig. 47 Changes in the mean value of the monthly mean air temperature (°C) under RCP4.5 for the period 2050-2070 with

respect to the reference period 1986-2005
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Fig. 48 Changes in the mean value of the monthly maximum air temperature (°C) under RCP4.5 for the period 2050-2070

with respect to the reference period 1986-2005
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Fig. 49 Changes in the mean value of the monthly minimum air temperature (°C) under RCP8.5 for the period 2030-2040

with respect to the reference period 1986-2005
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Fig. 50 Changes in the mean value of the monthly mean air temperature (°C) under RCP8.5 for the period 2030-2040 with
respect to the reference period 1986-2005
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Fig. 51 Changes in the mean value of the monthly maximum air temperature (°C) under RCP8.5 for the period 2030-2040
with respect to the reference period 1986-2005

Chan%tas in mean monthly minimum air temperature(°C) under RCP8.5 for the period 2050-20'1!5)
T T T T T T T T T

31.5

Latitude (°

305 1 1 1 | 1

_MW
31r

o ® N

25 26 27 28 29 30
Longitude (°)

31 32 33 34

Fig. 52 Changes in the mean value of the monthly minimum air temperature (°C) under RCP8.5 for the period 2050-2070
with respect to the reference period 1986-2005
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Fig. 53 Changes in the mean value of the monthly mean air temperature (°C) under RCP8.5 for the period 2050-2070 with
respect to the reference period 1986-2005
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Fig. 59 Changes in the mean value of the monthly maximum air temperature (°C) under RCP8.5 for the period 2050-2070
with respect to the reference period 1986-2005

3.6. Precipitation: CMIP5 (spatial resolution: 1°)

Precipitation projections have been assembled using the results given by the CMIP5 models at al
spatial resolution of 1° (Taylor et al., 2012). The following figures show changes in the monthly mean
value of precipitation during the dry and the wet season (April to September and October to Marg,

respectively) for the RCP4.5 and RCP8.5 emission scenarios, and for the periods 2030-2040 and 2050-
2070 with respect to the reference period 1986-2005.

Changfzs in the dry season mean precipitation under RCP4.5 for the time period 2030-2040 (mw)
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Fig. 54 Changes in the monthly mean value of precipitation (mm) during the dry season (April to September) under RCP4.5
for the period 2030-2040 with respect to the reference period 1986-2005
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Fig. 55 Changes in the monthly mean value of precipitation (mm) during the wet season (October to March) under RCP4.5
for the period 2030-2040 with respect to the reference period 1986-2005

Changfzs in the dry season mean precipitation under RCP4.5 for the time period 2050-2070 (mw)
T T 1 T T T T T T

A\
M5 T——

< 7.4
0] - 3.7
_g \’\\"L_._.\ \/v 0
= 3 . -3.7
] 74
305 1 1 1 1 1 1 1 Il 1 11
25 26 27 28 29 30 3 32 33 34

Longitude (°)

Fig. 56 Changes in the monthly mean value of precipitation (mm) during the dry season (April to September) under RCP4.5
for the period 2050-2070 with respect to the reference period 1986-2005




P -

-
-
< IH
.

TITUTO DE HIDR MBIENTAL

Environicsw

ENVIRONMENT & DEVELOPMENT ADVISORS

ICZM IN THE NORTHERN COAST OF EGYPT — A SCOPING STUDY

ANNEX |. HAZARD CHARACTERIZATION AND CLIMATE CHANGE

7.4
3.7

-74

-1

Changgf in the wet season mean precipitation under RCP4.5 for the time period 2050-2070 (mﬁl)
T T 1 T T T T T T
@ 315 e ey .
_g \l/\\_\ 0
= 31r - 37
©
-
305 | | 1 | | | | 1 |
25 26 27 28 29 30 31 32 33 34

Longitude (°)

Fig. 57 Changes in the monthly mean value of precipitation (mm) during the wet season (October to March) under RCP4.5
for the period 2030-2040 with respect to the reference period 1986-2005
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Fig. 58 Changes in the monthly mean value of precipitation (mm) during the dry season (April to September) under RCP8.5
for the period 2030-2040 with respect to the reference period 1986-2005
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Fig. 59 Changes in the monthly mean value of precipitation (mm) during the wet season (October to March) under RCP8.5
for the period 2030-2040 with respect to the reference period 1986-2005

Chang&s in the dry season mean precipitation under RCP8.5 for the time period 2050-2070 (mw)
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Fig. 60 Changes in the monthly mean value of precipitation (mm) during the dry season (April to September) under RCP8.5
for the period 2050-2070 with respect to the reference period 1986-2005
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Fig. 61 Changes in the monthly mean value of precipitation (mm) during the wet season (October to March) under RCP8.5
for the period 2050-2070 with respect to the reference period 1986-2005
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