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Climate Change Impacts and Vulnerability:

The Living Shorelines Approach in the Nile Delta:

Planned Adaptation to Sea Level Rise

Coastal Zones in the United Arab Emirates
Climate change impacts in coastal zones include changes in sea level, sea surface temperature, precipitation intensity and inland runoff, atmospheric and oceanic CO2 concentrations, and changes in wave dynamics. These

changes endanger culturally and economically
valuable coastal ecosystems, infrastructure,
and planned development. Sea level rise is
particularly important given the intersection of
Abu Dhabi’s new and planned infrastructure

with increasing climate risks, the current trajectory could unwittingly be headed towards disaster if planning does not take these risks adequately into account.

Over 95% of the Egyptian
population lives in the Nile
Delta and the Nile’s narrow valley, which comprise
5.5% of the national land
area. Of these people,
25% live in Low Elevation
Coastal Zone areas, and
most live in large urban
population
centers

Sea Level Rise (SLR) Inundation Study Approach
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Sabkhat areas are found only a
few meters above sea level, and
thus, highly susceptible to sea
water intrusion and changed salinity, which can induce habitat
migration
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Mangrove forests are sensitive to
sea temperature, water depth,
and salinity. Roots needs to be totally exposed for certain periods
of the day, which SLR will make
impossible.

Elevation data: CGIAR-CSI GeoPortal pre-processed global SRTM 90m DEM
Land use data: shapes files were provided by the Abu Dhabi Environment Agency

Geographic Information Systems (GIS) was
the main tool used in the analysis combined
with a flood-fill algorithm in order to map
contiguous zones of vulnerability at 1 meter,
2 meters, 3 meters, and 9 meters of
inundation at high tide. The flood-fill tool
allowed us to determined for each cell
whether its elevation value was less than or
equal to a particular value and, if so,
whether or not this cell is adjacent or con-

nected to the sea by cells of equal or lesser
value.
The tidal range in the southern Arabian
Gulf rarely exceeds 2 meters, and the mean
spring tidal range is 1.7 to 1.9 meters. In
our analysis, the following equation was
used to estimate inundation at specific SLR
scenarios:
SLRn = Mean Sea Level (MSL) +
(tidal range)/2 + n meters SLR

2050: 3m

Scenario #1: No accelerated ice cap melting
i) 2050: 1m above MSL ii) 2100: 2m above MSL
Scenario #2: Accelerated ice cap melting
iii) 2050: 3m above MSL iv) 2100: 9m above MSL
2100: 9m

Key Quantitative Findings:
Past conception of invincibility to coastal events is no longer supported by science. For
example, if melted completely, either ice sheet- West Antarctic or Greenland- contains
enough ice to raise global mean sea level (MSL) by 5-7 meters.
For each SLR scenario, area inundated in km2 and as a percentage of total Emirate Area.
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Other coastal habitats: Sea-level
rise and changes in coastal water
temperatures may negatively affect the habitats in which much of
the Emirate’s unique biodiversity
is found e.g. the hawksbill turtles
breeding and dugongs’ feeding
grounds.

dugong

Anticipated Vulnerability of the Delta
Delft Hydraulics/CORI (1992) estimated that a 0.3 meter rise of mean seal level would be sufficient to increase the frequency of flooding from the current estimate of a flood every 10 years to 10 floods per year

Image from Alexandria, high tides already breach existing “hard” shoreline protective barriers.
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El-Raey (2004) estimated that a 0.3 meter SLR would
inundate large parts of the city resulting in damage to
infrastructure worth billions of dollars, displacing over
half a million inhabitants, and a loss of 70,000 jobs.

renowned for their abundant bird life. However, the
northern part of the Nile
delta, where the lagoons
are located, is subject to
severe coastal erosion
and threatened by future
sea level rise.

Sea-levels are already rising due to coastal subsidence and reduced sediment loads post-High Aswan
Dam completion in the 1960s and 1970s.
Expected impacts of SLR on the Egyptian coastal lagoons include saline sea water intrusion farther into
the northern delta, disappearance of weed swamps,
adverse impacts on infrastructure facilities directly exposed to the sea, and reduction in fishery yields.

The Living Shorelines Approach

Map from maps.google.com/

The living shoreline approach
(LSA), is a ‘soft’ shoreline protection strategy, that will be applied in the Nile Delta through
on-the-ground coastal adaptation pilots at three vulnerable
coastal lagoons (lakes): Idku,
Burullus, and Manzala. The
LSA, with successful applications throughout the United
States, in a new project jointly
funded by the Egyptian Government and the GEF. The approach will be fully
customized to the context of Egypt’s shoreline.
Available online at NOAA’s Restoration Portal https://habitat.noaa.gov/
restoration/index.cfm

‘Hard’ shoreline protections:
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Sea grass habitats maintains local
biodiversity, a critical service
which will be undermined by the
following climate change impacts:
temperature, tidal variations, salinity content, changing water
depths, as well as by ocean carbon dioxide content
Coral reefs are vulnerable to thermal stress and recent seawater
temperatures and the expected
increases of 1 to 3°C will exceed
coral’s physiological limits and result in coral bleaching events.

The study models four plausible sea level rise scenarios:
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Key Qualitative
Findings:

(Alexandria, Damietta, and
Port Said). The Delta has
a third of Egypt’s agricultural production and half of
Egypt’s industrial production. Specifically at risk are
the coastal lagoons—
among the most productive natural systems in
Egypt and internationally







Are expensive.
Cause erosion to beaches and
dunes, leading to a loss of recreational and tourism resources and
diminished storm damage protection.
Are not permanent, in fact require
costly maintenance to ensure that
they continue to provide protection.
Divert storm water and waves onto
other properties.
Adversely affect other properties
by starving beaches of needed
sediment sources.
Create a false sense of security.

Living Shorelines
following benefits:

provide
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(from NOAA’s restoration portal)












Erosion and accretion patterns in the Nile
Delta in front of the Idku, Burullus, and
Manzala coastal lagoons (Frihy, 1999):

Preserves, creates, or maintains habitat for aquatic flora and fauna.
Restores critical feeding and nursery
habitat for adult and juvenile fish.
Maintains natural shoreline dynamics.
Creates a natural buffer that absorbs
wave energy and reduces coastal erosion.
Traps and retains land runoff containing nutrients and pollutants.
Can be less costly than structural stabilization (e.g., bulkheads and seawalls) when implemented in lowenergy environments.

The “Living Shoreline” pilot adaptation
projects will be implemented in accretion
areas to demonstrate effectiveness of ‘soft’
shoreline protection.

The specific measures to be installed in
these areas will be finalized during prefeasibility studies, but will likely include:
planting suitable crops in coastal zone for
coastal protection in a ‘vegetative buffer’
structure to stabilize seabed sediment;
re-nourishing beaches;
reinforcing sand dune systems as a defense
mechanism;
reduction of nutrient loads from agriculture;
and
the establishment of conservation zones to
preserve essential coastal habitats.
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