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Historical LULC Change of Pre-modern Alexandria (1517-1801 CE)
Homogeneity of Authenticity & Modernization
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Geostrategic location exposed Alexandria to upside down change, which effect on the historical LULC.

Since, geographic discoveries movement in late 15" C. and early 16" C. in line with the Mamluk-

Ottoman struggle that ended by fallen of the Mamluk Empire and converted Egypt to be an Ottoman

subordinate state, 1517 CE. As a result, Alexandria lost its historical importance as a world trade harbor

in favor of Rosetta. This critical condition shaded the urban of medieval Alexandria causing a frequent

land change, which identified by the Napoleonic map 1801 CE. In the age of digital humanities,

geospatial approach, remote sensing and GIS support understating the historical attributes of pre-modern

Alexandria and analyzing its LULC change that carried out over three centuries (1517-1801 CE).
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1. Introduction

Napoleonic map 1801 C. identifies pre-modern
Alexandria on village scale, neither that great ancient
Ptolemaic capital nor a medieval harbor on world trade
line that generated the main tax income of Islamic Egypt.
The global land cover is rapidly changing due to
anthropogenic activities and natural processes (Phiri et al.
2020). Since 1801, the premodern Alexandria LULC had
been entirely changed, responding to modernization
tendency that trespassed the city during Mohamed Ali’s
dynasty (1805-1952). Consequently, the Napoleonic map
is considered one of the most accurate historic maps
assigned premodern natural and human landmarks
emphasize the LULC.

However, geospatial approach, mainly remote sensing

and GIS, is outlining this contribution based on the

appropriated LULC categorization, adhering to the French
attributes of the Napoleonic map, hence, to reach up
reasonable diagnosis for overlapped historic evolution.
2. Historical Urban Context of the Study Area
Boundary covers 42.375 km? of contemporary
Alexandria adheres the historical borders and human
activities over 2300 years. A narrow strip of land between
the Mediterranean Sea to the north and Lake Mareotis to
the south was an excellent strategic city. Alexandria access
to the Mediterranean through two harbors as well as access
to the rest of Egypt via the inland harbor on Lake Mareotis.
Alexander the Great appointed Deinocrates of Rhode in
332 BC to plan his new city, according to Hippodamic
urban pattern (Carole 2012). Ptolemaic erected splendid
buildings, e.g. magnificent lighthouse of Pharos.
Heptastadium, a thick wall, linked Pharos with the
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landmass encompassed the Great Harbor to east and
Eunostos Harbor to west. Water system of a canal,
subterranean channels and cisterns conduct fresh water of
the River Nile to the waterless city (Carole 2012).
Alexandria declined after the Arab conquest in 641 CE
(Abouseif 1989). The city was growing, steadily during
the successive Islamic eras, since Tulunid, Fatimid,
Ayyubid and Mamluk (9"-16" C.) reconstructed the city.
“Alexandria should only be seen as a warehouse of goods”,
Gratien Le Pére expressed the Ottoman city1798 (Le Pére
1991). Population mobilized to the Heptastadium that
became the modern city 1789 (Salem 1982).
War, economy and natural hazard changed the urbanism
of Alexandria and create 2-10m of multi-archaeological
layers, furthermore the submerged antiquates (Table 1).
Alexandria has archaeological survived landmarks such as
“Pompey’s Pillar”, “Alexandria’s catacombs” and the
“Roman theatre” (Abdelhady 2014).

Table 1 Samples of the most destructive earthquakes on Alexandria
(Source: Riad et al. (2005)

Date DateH | LatN Long.E | 1 M Location Source
396 | oo 313 29.55 VI 5.1 Alexandria Lyons, 1907
672 108 30 29.21 Vil 6 Alexandria Sicberg, 1932,
ab,7.9,11
1303 702 229 328 VII-VIIT 5.8 Mediterrancan Maamoun, 1984

3. Land Cover Characteristics and Identifications
Context of the Study Area

3.1. Urban Area

The bulk of the compact urban fabric, known as Ville
Moderne (modern city), concentrated in the northern part
of the city (Le Pére 1991). Six neighbourhoods scattered
inside Enceinte Des Arabes (the ancient Arab city), four
existed next to the main gate for accessibility and local
trading consideration; two west to Porte de Rosette, two
north to Porte de la Calonne (Table 2). Other two scattered
buildings, one extends S/N in the middle of Enceinte Des
Arabes destinated to the Sea Gate, while the other extends
S/N parallel with the western wall, next to Porte des
Catacombes (Figure 1).

3.2. Hilly land

Sand accumulated on ruins everywhere, resembling
sand dunes, due to the urban decline. Kom al-Nadoura and

Kom al-Dikka, formed by late Roman and medieval

human activities, used as sailing landmarks (Léon 1983,
Le Pére 1826). However, sand accumulation represented
most of the hilly land of the premodern city 19" C. could
lead archaeologists as a landmark for promising
(Figure 1).
(SW/NE) north to Canal d’ Alexandrie outside south wall

discoveries limestone heaps extended
of Enceinte Des Arabes. Likewise, cap des figuiers, west
Pharos Island (SW/NE), which Mohamed Ali began
removing for preparation of constructing Ras al-Tin
Palace in 1830. Gradually, was still fading away until early
20" C. (Mubarak 1888, Al-Serouji 1963).

Table 2 LC analysis of pre-modern and contemporary Alexandria based
on the Napoleonic map 1801

Classification Pre-modern attribute 1801 Contemporary Contemporary | Pre-modern Geomaterial
System attribute 2020 System 2020 lation 180
Urban Area Porta da Rosatte Bab Sharqi 0.0659 km?
Kom al-Dikka 0.0281 km?
Enceinte | Portada la Colonna | Bab Sedra 00250 km?
s e Al Nagas al- Qadim Urbanarca | 00Uk
‘middle of Enceinte | Attarin & Mesalla 0.0301 km?
Des Arabes (Scattered buildings)
Porte des Catacombes| Al-Seka al-Gadida 0.0223 km?
(Scattered buildings)
Total 0.161 ke
Ville Moderne -Gomrok District: 0.7607 km?
“Gomrok
-Anfoushi
Total 09549 km?
Hilly Land Wasat District 0.5978 ke®
“Attarin
Enceinte Des Arabes | -Gomrok Distict:
“Mansheya al- Kubra
-Al-Ginina al-Kubra
-Al-Ginina al-Soghra
Natural Frahda
-Mashmas al-Basal
-Al-Nagaa al-Gadid
-Soque al-Gomaa
Ville Moderna ~Gomrok District 02470 km?
“Ras al-Tin
Outside Urban Area | -Wasat District Utbenazes 29515 km®
-Azanta
Mesalla
-Moharam Bek
~Pawalino
-Hadara
~“Wabour al-Meyah
-Al-bab al-Gadid
~Raghib Basha
-Al-Soury
-Al-Mirghany
-Gharb District:
Karmuz
-Mina a-Basal to al-
Max
Total 7963 ke
Tndustrial | Fort Cafarelli Kom al-Nadoura [_cuLe 476 km?
Fort Crétin Roman | CULTH 987 km?
Total 463 km®
Total 426 km®
Shoreline PortNesg | Sec. 1 Pharilion Sec.1 Silsila - W 253414111 m~=
Cap Palais Ruiné | Mohamed Abd el- 739.48mL
Wahab Theatre (Area 0.0831 kom?)
Sec. 11 Cape Palais | Sec.2 Mohamed Abd | Dried as urban W692-5845m L
Ruiné/ Unknown el-Wahab Theatre~ | area+26 July 17866 m
Cape Immortal park Road Asea 0.00767 km?
Sec. Il Unknown | Immortal park - W 23726041 m*L
Cape/ Pont du le Egyptian Yacht Club 347828m
Phare (Area: 0527 km?)
Total W 237-26041m x L
4,396 43m (0.6178 km?)
Port Veinx | Parallel to the Alexandria Harbour | Dried as W 42.35-1454 kmx L
shoreline developed area 1.7659 km (2.087 km?)
Watcrbodies | Mareofis Lacus Lake Mariotes Partly dried as 7.9679 km?
(northem shorc) developed arca
Lac Salin Playground in Ra cl- Entircly dried 0.0077 km®
Tin palace urban use
Total 7.976 ke®

3.3. Shoreline

Elven small islands were scattered along the SW/NE
Pharos Island. /e Diamant Island was the most important
among located north to Pharos island, the only survived
remain of demolished Pharos at early 19" C. (Le Pére
1826). This assert the island had been formed due to

earthquake and tsunami, which submerged the other



islands later (Le Pére 1826, Riad 2005). The long jetties
which in ancient times closed the Eastern Harbour from

the north did also disappear under sea level, leaving the

Megas Limin wide open and totally unprotected (Figure 2).

Ancient Cape Lochias submerged except a promontory
remained visible (Tzalas 2020).

Fortunately, the premodern shoreline is not fully
buried under the construction of the corniche road of the
eastern harbor in 19th and 20th C., where SE part can still
be seen for divers. This discovery made possible to
determine the dimensions and structure of these jetties in
the harbor (Abdelaziz 2008). Three sections extended
between the two ends of the eastern harbour arch, L
3,478.28 m, and connect two capes (Table 2 and Figure 2).
Western harbor Port Veiux not was away of modern
development of 19" and 20" C., as well.

3.4. waterbodies

Napoleonic map present Cape Molis in the northern
shore of Mareotis Lacus containing urban feature and
shelter old port Portus Flurii (Le Pére 1826), which is
now entirely changed (Figure 2). Lac Salin (Saline
pond) located in Cap des figuiers, entirely buried and
replaced by playground within developing Ras al-Tin
palace (Table 2).

4. Land Use Analysis Within Authentic Framework

4.1. Low Density Housing (LDH)

The Mediterranean residential style prevailed in
premodern Alexandria, some still survived, with a height
of 1-4 stories (Table 3 and Figure 1), built of burned bricks
and logs discriminate the urban fabric of Enceinte Des
Arabes and Ville Moderne (Badr 2004).

4.2. Institutional (INST)

Douane (municipality) overlooking Port Neuf'in Ville
Moderne was assigned. Fortification was limited, three
forts were guarding Port Neuf and one for Port Veiux
(Figure 1).

Medieval fortification discriminates Enceinte Des
Arabes were valid to defend. Rectangular Walls with five

gates were surrounding and fortified with five forts.

Figure 1. Digitized Napoleonic Map of Alexandria 1801
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Islamic, Christiane and Jews worship house diversity
reflects cosmopolitanism of Enceinte Des Arabes
represented in the two main mosques, two monasteries
and synagogue. Cemetery was excluded around Ville
Moderne, two at the south edge and one at north between
the two ports for Muslims. Kom Wala (al-Nadoura) was
deserted cemetery for Muslims inside Enceinte Des
Arabes, while Jews cemetery east out, add to another one
for Muslim next to Porte de la Colonne (Le Pérel826)
(Table 3).

4.3. Commercial/Industrial (COMIND)

French attributes of the Napoleonic map assign four
COMIND buildings (Table 3). Or du Consulat on Port
Neuf, fortunately was renovated as the modern building of
Gold Market, despite demolishing the premodern
structure. Buildings for marine logistics concentrated and
overclocking on Port Veiux, the main harbour that

developed, frequently (Figure 2).



Table 3, Land Use analysis for the city of pre-modern and
contemporary based on the Napoleonic map 1801

Classification Pre-modern attribute 1801 Contemporary Contemporary Pre-modem
System attribute 2020 System 2020 calculation 1801
Low Density | Ville Moderne -Gomrok S DIST. HDH 0.7184 km?
Housing -Anfoushi S DIST.
(UDH) (Enceinte | Porte de Rosette Bab Shargi S DIST. IDH 00659 kat
407; Kom al-Dikka S DIST. 0.0281 km?
% [ Porte de Ta Colone Bab Sedra SDIST. HDH 00250 ka®
"AlNagaa al-Qadim LDH 00119 ka®
Alle
middle of Enceinte Des Arabes Attarin & Mesalla HDH 0.0301 km?
S.DIST. (Scattered
buildings)
“Porte des Catacombes ‘ALSeka al-Gadida IDH 00225 ka?
SDIST. (Seattered
buildings)
Total 01833 kat'
Total 0.9017 km?
Institutional Ville Douane Port Neuf [Souq Turk Allay MIX 529 m?
(NST)  |Moderne {Domestic building)
Cemetery | AlMinawin ayala Alla LDH 79,576 ¢
Qanafa logirya Allzy HDH 10.545 o
Sea Gate Hamamil Allay 32670
Total 90,124 m*
Le Phare IListed Azch Site CULT 17550 a8
Le Pharillon ltary base INST 875 m?
Rukn (Corner) Fort _[Anfoushi Children 08
Hospital
Fort Cap des figuiers Ras al-Tin Military 52T
[School
Total 2337607
Total 11450007
Enceinte Wals] _E Saloh Mostafa ST. TRANS
Des N [Salah Mostafa ST.
Arabes | Safia Zaghloul ST.
[-Saad Zaghloul ST.
Adel Khairy ST.
Ali Bek Genena ST.
W [Esmat Om al-Baharya ST
| Asak! al-Ghilal ST.
[Bab al-Akhdar ST.
S [ShriefST.
{Ismael Mehana ST.
{-Omar Tousun ST.
Total P78%m
Gate | Portede | Horeya Salah/ Mostafa | TRANS
Rosette ross
Portedela | Shriefal-Amoud
Colonne Cross
Porte des Bab al-Akhdar/Asakl
c al-Ghlal Cross
Qarafa | Bab al-Akhdar
Warsha Tobgeya
Cross
Sea t Kathrin Park
Fort Towr des Raml Tram Station TANS 691 m*
Romains
Shargi Tisted Arch. Ste CULTH [ 3668
Zohary 557 m
Crétin 750a
Cafuelli 500
Triangle Kafr Ashri COMIND 16,600 m*
Total 19.664 m*
Worship | Mosquée des St Rita Church INST 147920
houses | Septante
Mosquéc St ‘Aaria Mosque 3388a
Athanase
Sinagogue des Juifs | Eliah Hanavi 5663t
Synagogue
Monastére chrétien St. Catherine's Church 4467 m?
Monastire Grec | St. Sabbas Monastery 2800 ur
Unideatified Nazir Agha Mosqu 310w
Total 31330 a8
Out | Cemetery | Cimetidre des Juifs | Cemetery of Jews INST 160,909
Enceinte Tombeaux
Des Cimetiére des Colonne| Cemetery of the Pillar | 4275 m*
Arabes
Total 165,184 m*
Commerciall | Ville [ Port New | Or du Consular Gold Maket France | COMIND [ 5901
Iodustrial | Moderne ST.
(COMIND) Port Ve | Magasins dela Houseware! 571007
Marine Alexandsia harb
Arseraldela “Adzun_building INST TA0m
Marine Al
Chantier dala ‘Admin_ building/ RS0
constructions Alexandria barbou
Toul HEGrY
AGR | Ecointe Des Arabes “Dab Sharqi SDIST. 0.7003 kaa®
~Attasia SDIST.
-Labban S DIST. Urban area
Ville Moderne Al-Manshiya al Kubra 00185 ka
SDIST
Canal & Alezarnd Lumbroso SDIST. 00814
Total 11753 km®
Vacast land | Fille Moderne Gomrok Diswict: 0945 km?
oL “Anfoushi
“Ras al-Tin
-Mansheya al Kubra
Erceinte Des Arabes ~Gomrok District: Zal6kat
Mansheya al-Kubea
-Al-Ginina al-Kubra
-Al-Ginina al-Soghra
“Mashmas al-Basal
“Al-Nagas ol-Gadid
“Soque al-Gomaa Urban area
-Al-Scka al-Gadida
Wasat District
“Baba Sharqt
“Kom al-Dikka
-Attarin
Mesalla
Gutside Enceinte Des Arabes Wesat District: T 730k
Moharam Bek
“Pawalino
-Al-bab al-Gadid
-Raghib Basha
~Gharb District
Karmuz
-Mia al-Basal
Toul 15091 k®
Main | Ville Moderne Gomrak SDIST. TRANS | 6504 km (1254 km
(TRANS) | street side urban fabric)
Enceinte Des Arabes [ 6146 km
Outside Enceinte Des Arabas §.358 km
Total 1218 kam
Secondary| Ville Moderne Gomrok S DIST. TRANS 7.648 km
street | Bnceinte | Portede Rosetie | Kom al- Dikka S_DIST 158 kan
Des Bab Shargi S DIST [2922km
Arabes [ Porte de la Colorne | Bab Sedra S_DIS [ 1.403 km
Al-Nagaa al-Qadim 318 km
ey
Toul 5101k
Toul 16719 km
Squatc | Ouiside | Esplanade de Pore | Mansheya al Kubra 5. | Utban Area | 95,643 m
Enceinte | Nex DIST
Des
Arabes
Water infra. | Canal | Main duct Wasnt Dustiet. Wi 61Tk
WD) |lexandrid “Moharam Bek
“Pawalino
-Al-bab al.Gadid
~Raghib Basha
Gharb District:
Kammuz
“Gomrok Distrct:
“Labban

Aqueduc E Urban Area | 1.648 km
Souterrain M 1.429 km
w 1.243 km
Total 4.320 km
Total 11.937 km
Citerne | G1: des Juifs i lla S, DIST 9906 m?
G2: Mosquée St Athanase 1716 w?
G3: E/ Mosquée des Al-Seka al-Gadida ST. 7660 m?
Septante Urban Area
G4t Green Gate Boloqtrya Alley 1839 o
Total 19,282 e
Aqueduc Mansheya al KubraS. | Urban Area | 0.595km
DIST
Archaeo. Enceinte Des Arabes | Panium Kom el Shogafa CULTH 55,543 n@
Ruins Catacombs
(CULTH) Catacombes Qabary Rail. station TRANS 19,125 n@
Moles Dwelling Urban Area | 5,823 m?
Timonium 26 July Road /Abdel TRANS 844 m?
‘Wahab Theatre
£ Quta Parking Lot TRANS 1161 m?
Ruines-1 Al-Max INST 425 m?
Ruines-2 Lumbroso S.DIST. Urban Area | 9,305 n?*
Outside Enceinte Deux Oblisques Le Metropole Hotel COMIND 5.62 m
Des Arabes Dwelling MIX 5.62 n¥
Ruines-3 HCCA CULT 2315 m?
Total 94,644 m?

4.4. Agriculture (AGR)

Premodern Alexandrian community of less than 8,000
concentrated in Ville Moderne, reclaimed flatlands inside
Enceinte Des Arabes (Table 3) (Le Peére 1826).
Subterranean channels and cisterns provide limited
irrigation to cultivate scattered orchards of palm trees and
oranges, moreover vegetables; eggplants, cabbage,
artichokes (Figure 1). etc (Le Pére 1826). Anfoushi north
to Ville Moderne and Cap des figuiers/Ras al-Tin (Cape of
fig trees) was suitable to cultivate fig and palm trees
regarding low water consumption and suitable calcareous
soil. SE the study area, 1.810 km of 6,000-7,000 km
among the main four subterranean channels of Canal d’
Alexandrie were cultivated with resilience crops count on
wells and cisterns. Fields of alfalfa, barley and wheat were
cultivated, add to some legumes denser in the orchards of
Enceinte Des Arabes; such as beans, eggplant, onions, etc.
(Le Pére 1826).

4.5. Vacant land (VL)

Ali Mubarak conclues Le Pére observations on
Alexandria (Mubarak 1888). Urban dysfunction
outbreaks Enceinte Des Arabes generates vacant land
(VL), including hilly lands, and seize Enceinte Des
Arabes + Ville Moderne (Table 3 and Figure 3).

4.6. Transportation (TRANS)

High density of narrow and irregular secondary roads
discriminated the survived compact urban fabric of Ville
Moderne, essentially that a main road penetrated it
vertically (SE/NW) and branched into other two, east to
Le phare and west to Cap des figuiers (Figure 3).

The four neighbourhoods inside Enceinte Des Arabes



had the same secondary road pattern, while fractioned
long roads extended among the hilly lands. Network of
random long roads connect the city to its external context,
Rosetta road in the east that leads to Cairo, was the most
important and authentic of which, furthermore Esplanade
de Port Neuf outside the Sea Gate (Table 3).

4.7. Water infrastructure (WI)

Schedia / Canal d’ Alexandrie was closely linked to
Rosetta, the closest Nile western branch. Canal penetrated
south wall of the city, diverged into four main
subterranean channels “Aqueduc Souterrain” that flowed
northward into the sea (Table 3), from which a network of
subterranean secondary channels branched out, reaching
to the houses and orchards (Soliman 2014).

Citerne gathered in Enceinte Des Arabes (Table 3), Le
Pére estimated 380-400 Citerne of the city by 1801
preserve water supplied from Canal d’ Alexandrie,
annually (Le Pere 1826).

Aqueduc, high-water archways were carrying water
from Enceinte Des Arabes to the huge tower at the east
gate overlooking Port Neuf square, is either a modern or a
medieval (Table 3). Unfortunately, it had been demolished
for new French fortifications (Le Pére 1826).

Figure 3 Spatial analysis of Alexandria 2020 (Pladeas/ ORT 20191119)
Alexandria Land Cover 2020

4.8. Archaeo. Ruins (CULTH)

Napoleonic map explored ten archaeological features
at least within the study area. Most of which allocated
around FEnceinte Des Arabes. Internal heaps blocked

detailed survey (Figure 1).

Figure 2 LULC categories of premodern Alexandria 1801
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Conclusion

Inter-disciplinarily is an established and wvital
characteristic of the theory and practice of geography in
its various fields, but while there is increasing
acknowledgement in heritage studies and management
that inter-disciplinarily should be fostered (Ripp &
Rodwell 2015).

geospatial analysis outlined historical facts of the
contemporary urbanism intersects the pre-modern city,
generating the LULC change. Geospatial approach
became required to interpret and manage the cultural
heritage, along with melting and visualizing the scattered
compatible historical material. In the same context, LULC
methodology is not exclusive for building futuristic
change model of an existing status, but interpretation of
historical features that support decision makers, as well.
Accordingly, changing mindset of the classic approach of
the cultural heritage became required to guarantee realistic
perception and providing accurate data support ambitious
site management plan.

Subsequently, digitizing the Napoleonic map identifies
the LULC attributes, essentially the urban fabric and
topographic features, add to classification and calculation
interpret pre-modern Alexandria status over three
centuries of downfall. However, Alexandria still owns a
lot of mysteries, such this contribution help for building
historical informatics database for the premodern city, as
well as leading to promising exploration of the hidden

treasures of Alexandria.
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