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BRIEFING NOTES ON THE CIRCE COASTAL CASE
STUDIES: THE GULF OF GABES

Summary

»The Gulf of Gabeés
(Tunisia) is an ex-
tremely shallow basin
that leaves it vulnera-
ble to atmospheric
warming. High tides, a
characteristic of the re-

highly biologically pro-
ductive; as a conse-
quence it is home to a
fishing industry of na-
tional importance.
However, the marine
ecosystem faces threats
on two fronts: industri-
al discharge, and at-
mospheric warming re-

tourism activities, but
the low-lying coastline
and islands are ex-
tremely vulnerable to
coastal erosion and in-
undation from even a
moderate rise in sea
level.

gion, facilitate ocean sulting in raised sea- 1.Physical
mixing and modulate water  temperatures and socio-economic
sea-water  tempera- and changes in circula- characteristics

tures.

» The Gulf has extensive
marine habitats and is

Figure 1:
Map of the Gulf of Gabes

tion.

» The region is primed for
in

rapid expansion
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The Gulf of Gabes is lo-
cated in southeast
Tunisia (Figure 1). It ex-
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1. altitude (in metres)

2. bathymetry (in metres)

3. low plates with a general
framework of a silt-sand

O‘b layer with a crust of

limestone or gypsum on

the surface

4. alluvial plain often
passing to wet and salty
ground

5. rivers

6. sebkhas and chotts

7. important cliff

8. muddy low coast

9. rocky low coast or alter-
nating rocky shores and
muddy shores

10. beach
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tends from the city of
Chebba (35.3°N) in the
north of the region to the
Island of Djerba (33.8°N)
in the south, a distance of
200 km. In breadth, it ex-
tends from 10°E to just
under 11.2°E. The Gulf is
a very shallow basin with
bathymetry less than 50
m as far as 110 km away
from the coast (200 m at
400 km). Population den-
sity is low in the coastal
areas except for the larger
cities. The small city of
Chebba in the north of
the gulf has around
20,000 habitants. In con-
trast, the city of Sfax with
more than 500,000 habi-
tants is an industrial pole
with an important har-
bour and several manu-
facturing industries.
Offshore from Sfax, the
Island of Kerkenna has

Figure 2:

Winter (left panel) and
summer (right panel)
sea surface temperature
(right axis; °C) simulated
by a numerical model

around 15,000 habitants.
The city of Gabés in the
Gulf interior has more
than 140,000 habitants
and has an important
harbour and industrial
poles. In the south, the
Island of Djerba is a very
important tourist resort
with more than 120,000
habitants (230 inhabi-
tants per km? and a large
influx of summer visitors.

The coastal lands of the
Gulf of Gabes are formed
by low plates with some
alluvial plains frequently
giving way to wet and
salty ground and many
sebkhas and chotts
(ephemeral brackish wa-
ter bodies). There are
some cliffs along the
coasts. In the southern
part of the gulf there are
muddy low coasts, rocky
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low coasts, or alternating
rocky and muddy shores.
There are several stretch-
es of beaches especially
around the coastline of
the Djerba Island.

There are two character-
istics of particular im-
portance in the Gulf of
Gabeés. The first is that
the basin is very shallow.
In some areas water
depth does not exceed
one metre over several
kilometres. This particu-
lar configuration renders
the water of the gulf very
sensitive to atmospheric
conditions. The annual
cycle of water tempera-
ture is very pronounced
(13°C to 29°C) and re-
sembles that of a lagoon
(Figure 2). In summer,
the particularly high
temperatures and salini-
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ties (38 to 39 psu) lead to
the appearance of red al-
gae. The second impor-
tant feature of the Gulf of
Gabes is the amplitude of
the high tide which at-
tains 1.8 m, the highest
in the Mediterranean.
Tide plays a major role in
dampening the seasonal
cycle extremes of the
“Boughrara” lagoon wa-
ter temperature. The wa-
ter of this lagoon, located
in the southern part of
the gulf, is continuously
mixed by tide oscilla-
tions preventing exces-
sive warming in summer
and cooling in winter.
This dampening of sea-
sonal extremes is very
important for the lagoon
ecosystem.

The Gulf is an important
nursery for several
species of fish. It is one of
the key places for fishing
activity in Tunisia, espe-
cially for the highly-val-
ued “Crevette Royale’.
Favourable geomorpho-
logical and climatic con-
ditions have lead to the
successional develop-
ment of a climax com-
munity consisting of one
of the most extensive
marine habitats ‘bio-
cenosis’ of Posidonia
oceanica (sea  grass)

which extends to the
Gulf of Syrte in Libya.
The gulf is a highly pro-
ductive zone, one of the
highest in the eastern
Mediterranean. There
are eight fishing har-
bours in the Gulf of
Gabeés and more than
6,500 fishing boats. The
total production is
around 46,000 T ($134
thousand) which is al-
most half the total Tunisia
production (96,000 T;
$210 thousand). Fishing
activity in the Gulf con-
tributes 0.6 % to the
Tunisian GDP. Tourist ac-
tivity is most highly de-
veloped in the Djerba
Island, and accounts for
24% of the Tunisian
tourism economy. There
is a high potential for fur-
ther expansion in the re-
gion, and the beaches of
the Gulf of Gabés com-
prise one of the few re-
maining coastline areas
in Tunisia without the de-
velopment of intensive
tourism facilities.

The Gulf suffers from
problems related to toxic
industrial discharge, par-
ticularly from those
chemical works handling
phosphates. The pollution
affects an extensive part of
the oceanic environment.

Circe,

Posidonia has disap-
peared over large areas
and siltation has been ob-
served in several loca-
tions. The scarcity of
Cymodocea nodosa mead-
ows and the almost com-
plete disappearance of
Caulerpa prolifera signal
a decline in the ecologi-
cal habitats of the subti-
dal floor. In addition to
these anthropogenic ef-
fects the Gulf of Gabes
has a heightened vulner-
ability to sea-level rise
due to its low elevation
(Figure 3). Large areas of
the Gulf especially the is-
lands of Kerkean, Kneis
and Djerba are low-lying.
Severe erosion of the lit-
toral zone has already
been observed and this
could accelerate with
sea-level rise.

2. Justification

Vulnerability to climate
change

During the last decade
new species of shrimps,
apparently originating
from the Red Sea, were
found in the Gulf of
Gabes. It is hypothesised
(despite the absence of
an objective study) that
this is an indication of a



change in the gulf
ecosystem, which is
moving closer to a tropi-
cal one. For this very
shallow gulf, atmospher-
ic warming will dramati-
cally increase water tem-
peratures in summer.
Successive episodes of
very hot ‘Sirocco’ winds
blowing from the south
in summer are observed
during years with red-
coloured waters. Less
ocean mixing of water in
the southern part of the
lagoon of Boughrara
would have severe con-
sequences on the marine
ecosystem. A change in
atmospheric circulation
may affect water enter-
ing the Gulf. A plausible
scenario of the impact of
atmospheric warming is

Figure 3:

Low-lying land

in the Kerkna Island,
the Gulf of Gabeés
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an enhancement of the
anticyclonic circulation
over the Mediterranean
which would reinforce
sea-level rise, and invade
several fragile Sebkhat
salt lakes around the gulf.
Economically important
and rapidly developing
tourism activities in the
northeast of the Djerba
Island (in the southern
part of the gulf) makes
the flat littoral zone, par-
ticularly beaches, very
vulnerable to sea-level
rise and erosion. The
Island of Kerkenna in the
northern part of the gulf
is extremely flat. Even a
moderate rise in sea level
will severely affect this is-
land, and 30% of the is-
land will be inundated by
water. It is anticipated

that the four low-lying is-
lands, Kneiss, located in
the inner part of the Gulf,
will disappear complete-

ly.

Availability of appropri-
ate data

The Gulf of Gabes has
always been a very rich
fishing area, and hence it
is one of the most stud-
ied sites in Tunisia. There
are at least four meteoro-
logical stations located
around the Gulf. Most of
them have more than a
century-long record of
data. There are also a
variety of  marine
datasets for the Gulf,
including sea tempera-
ture and salinity as well
as data related to fishing




activity. Some of the data
are digitised; others are
archived in notes and
reports. One of the tidal
gauges with the longest
data record in Tunisia is
that of Sfax harbour. This
data could be used to
examine potential sea-
level rise.

Access to stakeholders,
including decision and
policy makers

There are two types of
stakeholders of direct
relevance to the Gulf of
Gabes. First, there are
fishing companies which
have a vested interest in
marine species richness
and maintaining the
natural resources.
Second, there are chemi-
cal factories working
principally on phos-
phates and discharging
mainly phosphogypsum.
A decision was recently
taken to stop such pollu-
tion and to encourage
tourism activity in line
with other regions of
Tunisia. The sustainable
development of this re-
gion is a major chal-
lenge. Direct anthro-
pogenic damage to the
environment of the Gulf
may have lessened, but
there is a need to better

understand the integrat-
ed impacts of climate
change on the Gulf. In
addition to these cate-
gories of stakeholders,
there is close collabora-
tion between INSTM
(Italian Interuniversity
Consortium on
Materials Science and
Technology) and the
Tunisia Agencies for
Environmental
Protection and for
Littoral = Management
(who have a strong inter-
est in the Gulf of Gabes).

3. Key Research Issues

» Climate issues: Two
types of data will be
collected:

1. Meteorological data:
air temperature and
precipitation

2. Ocean data: water
temperature and salinity.
Trends in the climate
of the Gulf and
changes in ocean cir-
culation and other ma-
rine characteristics will
be examined.

» Environmental issues:
salinisation; coastal
erosion; soil erosion;
inundation and coastal
flooding, and sea-level
rise in the low-lying ar-
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eas of the Gulf
Ecosystem concerns
include: loss of biodi-
versity and invasion by

new species, and
changes in ocean mix-
ing within the

Boughrara lagoon and
the resulting effects on
the lagoon ecosystem.

» Social issues: the ef-
fects of sea-level rise
on coastal erosion, loss
of land, and tourism
development; the im-
pact of sea warming on
the fishing industry

and ensuing socio-
economic conse-
quences.

4. Key areas
of integration

Potential areas of inte-
gration for assessing
impacts of climate
change in the Gulf of
Gabes include:

»Climate change - at-
mospheric warming -
water warming in the
gulf with increased fre-
quency of algal blooms
— invasive species — re-
duction in biodiversity
- low-quality fish -
negative impact on the
fishing industry.
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»Climate change - sea
level rise — coastal ero-
sion — large areas of
land lost by flooding —
detrimental socio-eco-
nomic impacts (beach-
es, tourism, individu-
als) — policy response
through inland evacu-
ation strategies.

»The effect of climate
change on the lagoon
of Boughrara is not yet
known, there are two
possible scenarios:

1. water warming — re-
duction in biodiversity
— low-quality fish -
negative impact on the
fishing industry.

2. sea level increase —
increased water ex-
change with the Gulf of
Gabes and the eastern
Tunisian marine wa-
ters — increased water
renewal — improved
water quality - in-
creased fishing pro-
duction and possible
initiation of aquacul-
ture activity.

5. Regional
stakeholders, policy
makers, institutions

Contacts will be made
with the following stake-
holders:

» National Institute of
Marine Sciences and
Technology

»National Agency of
Environmental
Protection

» Littoral Protection and
Management Agency

»Regional Activity
Centre for Specially
Protected Areas

» Tunis National
Institute of Agronomy

» Tunisia Meteorological
Institute

»Tunisia Union for
aquaculture and fish-
ing

»Harbour Management
Agency

» Ministry of Agriculture
and Water Resources

» National Institute of
Arid Areas

»Climate Change and
Sustainable
Development
Association

Evidence of adaptation
within the Gulf of Gabes:

» Legislation on building
developments close to
the littoral zone.

»Restrictions on the
timing and location of
shrimp fishing.

» Strategies for identify-
ing low-lying areas vul-
nerable to coastal
flooding.

6. Data availability

Data available for the
Gulf of Gabes case study
include:

»Air temperature and
precipitation data from
stations located in the
Gulf of Gabeés and
available from the
Tunisia Meteorological
Institute. Monthly data
are available from the
year 1901.

»Sea-level data span-
ning several years.

» Fish production statis-
tics.

» Coastal characteristics.

Acknowledgements

CIRCE (Climate Change



and Impact Research:
the Mediterranean
Environment) is funded
by the Commission of
the European Union
(Contract No 036961
GOCE) http://www.cir-
ceproject.eu/. This brief-
ing note forms part of the
CIRCE deliverable
D11.5.1.

» Final version,
January 2008

Circe,

*-\v\fv,\.l\d

Further reading

»Ben Othman, S. 1971. Observations hydrologiques, dra-
gages et chalutages dans le sud-est tunisien. Bull. Inst.
Nation. Sci. Techn. Océanogr. Péche Salammb0, Tun.
2(2):103-120

»Brandhorst, W. 1977. Les conditions du milieu au large
de la cote tunisienne. Bull. Inst. Nat.Sci. Téch. Péche,
Salammbé, 4(2-4): 129-220.

»Le Danois E. 1925. Recherches sur les fonds chalutables
des cotes de Tunisie (croisiere du chalutier ‘Tanche’ en
1924). Annls. Sta. Océanogr. Salammbo, 1: 1-56.

» MEAT, 2001. Communication initiale de la Tunisie a la
convention cadre des Nations unies sur les changements
climatiques, Republique Tunisienne Ministere de
L'Environnement et de LAmenagement du Territoire
(MEAT), 175 pp.
http://unfccc.int/resource/docs/natc/tunnclf.pdf

» MEDD 2006. Etude de la vulnérabilité socio économique
du littoral tunisien face a une élévation accélérée des
niveaux de la mer due aux changements climatiques et
identification d'une stratégie d'adaptation, rapport IHE,
available from the Ministry of Environment and
Sustainable Development (in French), 469 pp.

» Poizat C., 1970. Hydrodynamisme et sédimentation
dans le Golfe de Gabes (Tunisie). Tethys 2(1): 267-296.

» Sammari, C., Vladimir, G. K., Moussa, M. 2006. Sea lev-
el variability and tidal resonance in the Gulf of Gabes,
Tunisia. Continental Shelf Research, 26(3): 338-350.
doi:10.1016/j.csr.2005.11.006

Author
» Ali Harzallah, 28, rue du 2 mars 1934, 2025 Salammbo
Tunisia. Email: ali.harzallah@instm.rnrt.tn

Editors

» Maureen Agnew (m.agnew@uea.ac.uk) and Clare
Goodess (c.goodess@uea.ac.uk), Climatic Research
Unit, School of Environmental Sciences, University of
East Anglia, Norwich, UK.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




