Dilemma of Vibrant City and Endless Urban Growth, Lessons from Alexandria, Egypt

Lotfy Azaz

(Lotfy Azaz, Associate Professor of Urban Planrang GIS, Geography Department, Faculty of ArtsnMga University, Shebin-
Elkom, Menofya Governorate, Egypt, Lotfy_Azaz@yalwoauk, Director of Social Observatory Strategicd@@sh Program, The
Research Council, Sultante of Oman)

1 ABSTRACT

Urban planners and visionary leaders always hawends of designing and establishing new vibrangé<iar
making new history by regenerating old cities. WHencity (new or revived) starts to be “vibranthegun

to attract more residents to work and live in teTcity will grow and expand as a natural resukthet. This
continuous urban growth may lead to dangerous emwiental impacts. Some cities during growth may
consume valuable cultivated lands to provide spéaresccelerated demands of urban developmentgisoje
This leads to “Urban desertification”. Moreoveriute scenarios of these cities tell us that urlvamth will
continue and the city will expand consuming valeatelsources. In this case, some important questidhs
arise; do we need this endless urban growth? Cabeaethe consequences of this endless urban dtowth
Do we need to control this growth to keep the gityant? Or we just leave the city grow endlesdiyits
paper will try to address these questions on Aldkarof Egypt. Alexandria was a dream of Alexantler
the Great. Alexander ordered that a city be desigmel founded in his name at the mouth of rivee Nils
trading and military Macedonian outpost, the ficftmany to come. He never lived to see it builtf bu
Alexandria will become a major economic and cultaemter in the Mediterranean world not only durihg
Macedonian rule in Egypt but centuries after. Alekda withessed a continuous urban growth from the
beginning of the Mohammed Ali era (1805) up to fiwesent time. In 1905, Alexandria's 370 thousand
inhabitants lived in an area of about 4 km2 betwientwo harbors. Since that time the city has edpd
rapidly, eastwards and westwards, beyond its madigalls. It presently occupies a built-up areaabbut
300 km2 and has a ten-fold increase in populatioh millions in 1996, and become 4.7 millions inl20
with a density of 2,760 per km2. The urban physegansion and change were detected using Landsat
satellite images of 1984 and 1993. The images wiassified using a tailored classification schemthw
accuracy of 93.82% and 95.27% for 1984 and 1993yémaespectively. This high accuracy enabled
detecting land use/cover changes with high confidarsing a post-classification comparison methate O
of the most important findings here is the lossulfivated land in favour of urban expansion. & tturrent
loss rates continued, 75% of green lands would$edy year 2191. These hazardous rates call fortzam
growth management policy that can preserve suclialsdd resources to achieve sustainable urban
development. The starting point of any managemedramme will be based on the modelling of theritu
growth. Modelling techniques can help in definihg scenarios of urban growth in the future. In gtigly,

the SLEUTH urban growth model was applied to preflitire urban expansion in Alexandria until theuye
2055. The application of this model in AlexandrfeEgypt with its different environmental characstigs is

the first application outside USA and Europe. Tésuits revealed that future urban growth would icomet

in the edges of the current urban extent, whichna¢lae cultivated lands in the east and the sosttluddhe

city will continue to lose more day by day fromith&rea.To deal with such crisis, there is a sarioeed for

a comprehensive urban growth management programatecéan be based on the best practices in similar
situations.

2 STUDY AREA

Alexandria is the chief port of Egypt and is lochie the northern part of the country. Alexandre@upies a
T-shaped peninsula and strip of land separating Ntegliterranean from Lake Maryout. (Figure.l).
Alexandria was founded in 331 BC by Alexander thhedband was the capital of Egypt for over 1000 gea
Alexandria witnessed a continuous urban growth ftbenbeginning of Mohammed Ali era (1805) up to the
present time. In 1905, Alexandria’s 370 thousarlnitants lived in an area of about 4 km2 betwéen t
two harbours. Since that time the city has expamdptlly, eastwards and westwards, beyond its neatlie
walls, Figure 2 shows the urban expansion of Aldxian. It presently occupies an area of about 30Q k
and has a ten-fold increase in population at 4ignillwith a density exceeding 1,200 per km2. (Hafm
Shouk, 2000) Population is projected to becomenaildons by 2015, figure 3 (United Nations, 1997).
Because of this, Alexandria is the second largasarugovernorate in Egypt. At an international letiee
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city was ranked 62 in 1996 and it is predicted éodme rank 54 by 2015, (United Nations, 1997). This
enormous urban growth requires precise detectitihgdod management, prediction and planning.

I MEDITERRANEAN SEA

ALEXANDRIA
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Fig. 1 Location map of the study area
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Fig.2 Physical Expansion of Alexandria during tihland 20th centuries

3 OBJECTIVES
The main objectives of this study are to detectngka and model urban growth in Alexandria through

constructing an automated raster-based GIS toakhe following sub objectives:
(1) Following the physical expansion of Alexandrnam its establishment up to the contemporary stage

modelling growth stages.
(2) Production of contemporary satellite-based lasefland cover maps for the city.
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(3) Mapping urban growth in Alexandria city, usimgilti-temporal change detection techniques

(4) Locating (defining the trends) and quantifyisige and rate) the changes of urban land useeicith at
the specific period using classified satellite iesg

(5) Defining the consequences of urban growth exAhdria.

(6) Modelling urban growth in the city using thews of integrated spatial data (raster data / ved#ta /
ancillary data) using the SLEUTH Model to simultte future urban growth of the city.

(7) Managing future urban growth in Alexandria.
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Fig.3 Alexandria population development

4 METHODOLOGY

4.1 Georeferencing

The satellite images used in this study were geogated with high accuracy providing a strong bfsis
further image analysis processes. The 1984 and 19@8es were rectified applying the first order
transformation polynomial using between 39 and £€P&from the reference maps of Alexandria of stale
50,000. The transformation matrix was computedtastéd many times achieving an acceptable total RMS
of 0.2566 pixel for the 1984 image and 0.2498 pigelthe 1993 image. Both images were resamplatjusi
the nearest neighbour method. Reference data stypeehas a great impact in decreasing RMSE of the
rectified images and achieving high accuracy ofllase/cover classification as the reference maed ims
this study were produced from aerial photographsckvhave their own high accuracy in presentingllan
features. This helped in achieving a very small EM®d high accuracy classification as well.

4.2 Images Classification

Land use/land cover classification maps were preduwith overall accuracy of 93.82% and 95.27% for
1984 and 1993 images correspondingly. Unsupendkessification using ISODATA clustering method was
applied to perform classification. This study enghbes the importance of special customisation rd lase/
land cover schemes especially for developing cesstudies as this research underlines the fanbiof
existence of a universally applied classificatichesme. In this context, a user-defined classificaticheme
has been customised to adapt with both data rémolwind study area spatial and environmental
characteristics. Figures (4 and 5) indicate thd lase categories (classes) in Alexandria (19843199
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Fig. 4 Land use categories in Alexandria (1984j, BiLand use categories in Alexandria (1993)

4.3 Change Detection

In this study, two remotely sensed images (198831 %vere rectified, registered and classified ifite
classes. Land use/land cover change detection sayeals several changes in the period of stud$4419
1993). These changes can be grouped into two adingsispatial changes and quantitative changesiabpat
changes represent either emerging of new featurelsamging in the existing features. New featutehsas
new Dekhila Port, Sidi Krir power station, fish rias, recreation villages, and lands reform projapiseared

in the west. Maryout Lake was subject to some chsrag some areas of the lake were dried to meet the
accelerated demand for land; other parts of the kelve been used as Salina to produce salt. Indieke
above-mentioned features are results of urban dewent, but can be considered as indirect reslifts.
direct results of urban development can be deteetesily as new features in the eastern parts otithie
consuming a significant part of the valuable adtizal lands. Moreover, the city centre area wisegsa
little change of its existing features due to reptaent and renewal factors. Quantitatively, greew$ lost
23.79 % of its area for the built-up area with aadrlase rate of 0.67%, which means the risk oflgsibout

75% of green land in the period between years 2086 2191. These are very optimistic projections if
compared by other studies which estimated that Abastal agricultural lands in the northern of Egypt

be lost to urbanization and other activities byry#261 (Salem et al., 1995). From a methodologoait of
view, Land use/land cover change analysis in Aldranusing post-classification comparison change
detection method yielded high accuracy results @ale if high-accuracy classified satellite imagesre
used as inputs. The subtraction was done using Mddker in Imagine 8.3 and the output (change map)
was tested and proved using a Change Detectionroptiimagine 8.4 and the result was the same.r€igu
(6) shows the change map for the area of studynsuined in Table (1).

Code | Was Become Code | was Become

A Desert | New Dekhila Port] E Lake Changes in Lake Maryout

B Desert | Sidi Krir Power| F Desert Lands Reform Projects

Station
C Lake | Fish Farms G Cultivated lands Urban expansion in the
Eastern Areas

D Desert | Western Coast H Central Business District| Central Business Distrigt

(C.B.D.) (C.B.D.)

Table 1: Major Changes in Alexandria between 1981093
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Fig. 6 Land use/land cover change in Alexandri®84t2993)

4.4 Modelling Urban Growth

Modelling urban growth in Alexandria was done usBigfUTH model. The model was developed by Dr
Keith C. Clarke of the Department of Geography,vdrsity of California, Santa Barbara. The namehef t
model (SLEUTH) was derived from the simple imagguinrequirements of the model: Slope, Land cover,
Exclusion, Urbanization, Transportation, and Hilda (USGS 2000). The model is intended to simulate
urban growth in order to aid in understanding hoyamding urban areas consume their surrounding land
and the environmental impact this has on the leca@ironment. This model simulates the transitiamfr
non-urban to urban land-use using a grid of callllar automaton) each of whose land-use state is
dependent upon local factors (e.g., roads, exidiitgan areas, topography), and temporal factordeVio
inputs have been prepared for the area of studytenohodel was tested in its application phases.

The results of modelling urban growth using SLEUmiddel emphasises that if the current physical urban
expansion rates continued, it is expected thatrudrawth will persist in the edges of the curreritan
extent, Figure (7). This can be detected easilhénwestern, the southern, and the southeasteratidins.
Much development is expected to occur also arourimdrya area in the southwestern parts. The dioecti
of urban growth to the southeastern parts meansriaus threat to the cultivated lands, which alyead
experience continuous loss.
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Current built-up area

- Predicted urban growth till 2055

5 RESULTS AND DISCUSSION

Table (2) shows the size and percentage of lanctheege in Alexandria area. Generally, the chacgas
be divided into two categories; (1) Increased ckafmpsitive) which includes built-up areas and Bwal
water / saline and (2) Decreased change (negativieh includes green lands, desert and water bo@ies
detailed change can be noticed in Table (3).

Fig. 7 Urban Growth in 2055 in all the area of stud

Class Name Size of Changel Size of Change| Percentage ofl Annual Annual
(Hectare) (Km?) change Change Change
(1984-1993) (1984-1993) (1984-1993) (Km2) (Percentage)
Water Bodies -2683.801 -26.838 -1.54 -2.982 -0.17
Shallow 2683.801 26.838 38.10 2.982 4.23
Water/S/M
Green Lands -6072.048 -60.72 -6.04 -6.747 -0.67
Built-up Areas 29240.729 292.407 56.74 32.489 6.30
Coastal Plain] -23168.681 -231.687 -7.26 -25.74 -0.81
Desert
Table 2: The size of land use classes and the ehangjexandria area (1984-1993)
Water Bodies Shallow water | Green Lands | Built-up areas | Coastal Plain /Desert| Total
Water Bodies -2,683.801 0 0 0 -2,683.801
Shallow Water 2,683.801 0 0 0 2,683.801
Green Lands 0 0 -23,914.905 17,842.857 -6,072.048
Built-up Areas 0 0 23,914.905 5,325.824 29,240.729
Coastal Plain /Desert| 0 0 -17,842.857 -5,325.824 -23,168.681
Total 2,683.801 -2,683.801 6,072.048 -29,240.729 23,168.681

Table 3: The gain and loss of Land Use/Land Coveageries in Alexandria Area (Hectare) between 1884 1993

The area of study witnessed a remarkable urbantgrbetween 1984 and 1993. Two trajectories of urban
expansion can be identified. The first is towalus ¢astern and southeastern parts of the areadyf Sthis
extension consumed the most valuable cultivatedslawhich act as the hinterlands of Alexandria {trol
basket of the city). If the current loss rates oard (0.67% annually) taking the year of 1984 asise year,
the green lands will face the risk of losing ab@b%o of its area through this artificial desertifioa by year

2191.
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Nevertheless, if we use a more straightforwardalirexjuation considering the annual loss (674.6¢2ahe),
this means the green land will lose 75% of its dnegear 2096. These projections of retaining sgneen
lands are very optimistic. Another study estimatieat all the coastal agricultural lands in north&gypt
will be lost to urbanization and other activitigsthe year 2061 (Salem et al., 1995). This inde#te need
for strong policies to protect the valuable gresamds from this serious continuous risk. These @dimust
direct urban growth trajectories to the lands that urban development. At the meantime, most efuitban
expansion in the eastern parts is unplanned (ABdmz- 1997) so there is a need also for planningtisois
to this problem. Meanwhile, land reform projectedd be continued to: a) compensate land lost bamur
development, b) absorb part of the population &eee and c) provide employment and decrease
unemployment rates as well especially for new gaseiii The second trajectory is towards the wegtans.
This direction of expansion consumed only partghefcoastal dune series. Most of the expansiowitifigp
areas here is housing, but there are also othesfof built-up area such as storehouses and mapexially
for petrochemicals and petroleum industries. Matya@ke experienced different forms of changes. &her
an urgent need to make appropriate decisions aheugeke’s future. There is some change in theciid
areas in the central and eastern parts of the siuely, this change occurred as replacement anevaéne
processes.

6 CONCLUSION

This continuous urban growth led to dangerous enwirental impacts in Alexandria. This growth conssme
valuable cultivated lands to provide spaces foekeated demands of urban development projects. Gari
be called “Urban desertification”. The future sagm#@lexandria tells us that urban growth will conte and
the city will expand consuming valuable resourdeghis case, some important questions will artkewe
need this endless urban growth? Can we bear theqaances of this endless urban growth? Do we toeed
control this growth to keep the city vibrant? Or jwst leave the city grow endlessly?

To deal with such critical questions, two approacsigall be adopted; the first approach requirealileggion
frame as a part of tough policies to direct urbaowgh of Alexandria towards suitable land for urban
development, especially in the west and southwEshe city to protect the valuable agricultural dan
Moreover, to preserve the environmental resourégbeocity, especially the agricultural lands, teisidy
suggests a greenbelt to be planned in the soutreddity. This suggested greenbelt should be |dcagtore
the agricultural lands leaving a reasonable bufare. GIS can help in placing this greenbelt amdtiag
the buffer zone considering all geographical andirenmental factors. Meanwhile, as most urban
development in the eastern parts is unplannecde ikea need also for planning solutions for thisbpgm as
well. In addition, it is important not to allow &ral and horizontal expansion of the main builtarpa as a
response to continuous urban growth as this isideresl as a short-sighted response as it will teaghsy
access to the existing overextended services dlitiesit The second approach suggests that futtpanu
development process should create independent coitiesuor even new cities. This approach would
distinguish these communities from the core buyltamea of the central city and reduce their depecelen

its utilities and service systems (El-Shakhs 1997).
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