By Clifford J. Mugnier, CP, CMS, FASPRS

The Grids & Datums column has completed an exploration of
every country on the Earth. For those who did not get to enjoy this
world tour the first time, PE&RS is reprinting prior articles from
the column. This month’s article on the Lebanese Republic was
originally printed in 2002 but contains updates to their coordinate
system since then.

here is evidence of human habitation in Lebanon for

several thousand years from the mid-3rd millennium

B.C. that had been under the control variously of
Sumerians, Akkadians, Amorites, Egyptians, Assyrians, and
Babylonians. Once part of the Persian Empire, Alexander
the Great conquered the region in the 4t century B.C., and
it later flourished under the Roman Empire. Lebanon was
overrun by Muslim Arabs in A.D. 635-636, and remained
under the Turks during the Crusades until the British and
French invaded during WWI because Turkey was an ally of
Germany.

Lebanon is almost three-fourths the size of Connecticut,
and is comprised of a narrow coastal plain; the Bekaa Valley
separates Lebanon and the Anti-Lebanon Mountains. Bor-
dered by Israel (79 km) to the south and by Syria (375 km)
to the east and north; the western side of the republic is the
Mediterranean Sea (225 km). Lebanon has a territorial sea
claim of 12 nautical miles, and the highest point in the coun-
try is Qurnat as Sawda’ at 3,088 m. The League of Nations
declared the republic independent of the French Mandate on
22 November 1943.

In 1799, Napoleon Bonaparte commenced his military
campaign for the conquest of Egypt and “Upper Egypt” (the
Palestine and Greater Syria). La Carte d’Egypte et de Syrie
was published by the Dépét de la Guerre beginning in 1808.
The ersatz Datum was based on astronomical observations
in Cairo and Jerusalem, and was referenced to the Plessis
ellipsoid where the semi-major axis a = 6,375,738.7 m and
the reciprocal of flattening 1/f = 334.29. Much of the coast
was actually based on published British Admiralty charts
of the time (see The State of Israel, PE&RS, August 2000).
The projection was the ellipsoidal Bonne, the “standard”
for France and most of Europe at the time. “Le centre de la
projection correspond a l'axe de la grande pyramide du Nord,
a Memphis.” (The center of the projection corresponds to the
axis of the great pyramid of the North at Memphis.)

The French Expédition du Liban (1860—1861) was made
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after the massacre of Christians in Syria (and Lebanon)
occurred during the months of May and June of 1860. After
enforcing the peace, one topographic brigade remained to
perform some exploratory mapping. Some minor triangu-
lation was performed from Tyre to Tripoli along the coast.
This resulted in one reconnaissance sheet at 1:100,000 scale,
and one 1:200,000-scale sheet being published in 1862.

The early maps of Turkey, including the Levant area,
were on the Bonne projection also, but the projection origin
was the finial of the dome of the Aya Sofia Mosque. The
Ottoman Turkish ellipsoidal Bonne of Syria, used from
1909 to 1923 (and the territory of what is now Lebanon),
had a projection Latitude of Origin (p,) = 28° 58" 50.8188"
N and the Central Meridian (1,) = 39° 36" East of Green-
wich. The geodetic network was calculated on the Clarke
1880 (IGN) ellipsoid where a = 6,378,249.2 m and 1/f =
293.4660208, and according to the Service Géographique de
I’Armée (SGA), the Datum Origin was at the South End of
the Base of Makri Keui, near Constantinople (Istanbul). The
1:200,000- scale general map of Asia Minor was published in
1911 under the direction of General Mehmed Sevki Pacha,
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director of the Turkish Map Service. (In my column on Israel,
I mistakenly referred to General Sevki as a Syrian officer.)

The French established the Bureau Topographique du
Levant in 1918, and after 1920, the chain of triangulation was
extended eastward along the northern border of Syria with
Turkey to Iraq. The French geodetic triangulation parties
were quite impressed with the Bekaa Valley and the vast
bounty of orange and banana harvests. Planimetric compila-
tion was aided by aerial photography flown by a French mili-
tary aviation squadron of the 39t Regiment. The Topographic
Brigade was commanded by Lieutenant Colonel G. Perrier,
and he organized the observations for the establishment of
an astronomical origin for a datum in the Bekaa Valley of
Lebanon that would serve Syria as well. The baseline was
measured, and the South End of the Base at Bekaa was the
fundamental origin for the astronomical observations. The
Latitude of the pillar was observed by Captain Volontat in
1920 with a prismatic astrolabe where ©, = 33° 45" 34.1548”
N. An azimuth was obtained at the same pillar with a micro-
scopic theodolite by Captain Volontat, by observing Polaris at
elongation. The direction was defined to a pillar constructed
at the Ksara Observatory where a, = 28° 5850.8188". Longi-
tude was also observed by Volontat at the same observatory
where A, = 35° 53" 25.26” East of Greenwich. (The longitude
was then geodetically transferred to the South End of the
Bekaa Base).

In November of 1997, Colonel George Massaad, then the
director of Geographic Affairs of the Lebanese Army, sent a
photograph to me of the fundamental point at Bekaa South
Base. The point is monumented by a stone pyramid that is
over 2 m high, is approximately 2 m square, has an (appar-
ently) bronze tablet describing the significance of the monu-
ment, is straddled by a great iron skeleton target obviously
over 4 meters high, and the entire structure is enclosed by a
formal iron fence! The monument recalls the aviation acci-
dent that took the lives of Captains Govin and Renaud of the
Geodetic Section of the SGA on 15 July 1924 at Muslimié,
near Aleppo. Shortly after WWII, the U.S. Army Map Service
computed the coordinates of the origin of the Bekaa geodetic
system on the New Egyptian Geodetic Datum as ¢ = 35° 45”
34.2205” N and A = 35° 54" 36.4962” E. The geodetic coordi-
nates of station Ksara are ¢ = 33° 49" 25.58” N and A = 35°
537 25.26” E. The Bekaa Valley Datum of 1920 is referenced
to the Clarke 1880 (IGN) ellipsoid as previously defined. A
check baseline was measured at Bab in Syria, and another
astronomical position was observed (Laplace Station) where
D, =36°13"48.77"N, A, = 37° 30" 30.195” East of Greenwich,
and the reference azimuth from Bab to Cheikh Akil signal is
o, =179° 58" 33.152". The triangulation was computed on the
Clarke 1880 ellipsoid, Levant Zone Grid, Lambert Conical
Orthomorphic projection.

The Levant Lambert Zone (1920) is based on the French
Army Truncated Cubic formulae where the developed meridi-
onal arc is expressed in series form and is truncated at terms
higher than the cubic. Furthermore, another idiosyncrasy of
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the French Army formulae is that the Lambert (fully) Con-
formal Conic utilizes one of the principal radii of the ellipsoid
called the Radius of Curvature in the Plane of the Meridian
(p). The French Army instead substitutes the Length of the
Ellipsoid Normal Terminated by the Semi-Minor Axis (v).
Although not strictly conformal, this is the system which
was commonly used by the French in all their colonies
(before WWII) that utilized the Lambert Conic projection.
The Levant Lambert Zone, also known as the Syrian North
Lambert Zone, has a Latitude of Origin (¢,) = 34° 39" N and
the Central Meridian (A,) = 37° 21" East of Greenwich. The
Scale Factor at Origin (m,) = 0.9996256 (secant conic) and the
False Easting and False Northing = 300 km. The scale of the
triangulation was governed by the two bases (Bekaa and Bab)
which had an internal precision of one part in two million.
In the case of the initial azimuth of the Bekaa Base, a large
number of observations were made in order to determine the
mean azimuth. The maximum range of the observations was
48” which does not represent good geodetic accuracy. Then

a check azimuth, Latitude, and Longitude were measured

at the Bab Base at Aleppo in Syria, and the differences from
the geodetic values mathematically carried through the
chain from Bekaa are as follows (Astronomic ” Geodetic): Ap
=-6.318", AL =+10.789”, and Aa. = +21.125”. Thus the SGA
decided not to apply a Laplace correction to the azimuths,
assuming the 21”was due to an error at the origin and not
over the network. That 21”7 error was later verified by the
U.S. Army Map Service (AMS), in the 1950s. AMS computed
an azimuth between two stations in the area utilizing the
geodetic coordinates of the station in terms of the European
Datum Mediterranean Loop and the Bekaa Valley Datum
values.

The Tripoli Lambert Grid of 1920 origin is based on the
North End of the Tripoli Base where the Latitude of Origin
(py) = 34° 277 04.7” N and the Central Meridian (A,) = 35° 49°
01.6” East of Greenwich. The Scale Factor at Origin (m,) =
1.0 (tangent conic), and the False Easting and False Northing
= zero. This quite obscure grid was probably used only for a
hydrographic survey in the vicinity of Tripoli, and the South
End of the Tripoli Base cartesian coordinates were pub-
lished by the French as X = +1,257.02 m and Y =-1,197.29
m. Considering the tiny geographic extent of the survey,
the Hatt Azimuthal Equidistant or the Roussilhe Oblique
Stereographic equations would yield the same transformation
results to cartesian coordinates.

In 1922, the Travaux du Cadastre et d’Amelioration Agricole
des Etats, de Syrie, des Alaouites et du Liban sous Mandat
Francais established the SCHEMA DE LA PROJECTION STEREO-
GRAPHIQUE which was based on the Roussilhe Oblique Stereo-
graphic projection. The Latitude of Origin (¢,) = 34° 12" N, the
Central Meridian (A,) = 39° 09" East of Greenwich, the Scale
Factor at Origin (m,) = 0.9995341 (secant plane), and the False
Easting and False Northing = zero. This grid has caused some
consternation in the literature because attempts to substitute
the fully conformal formulae of Paul D. Thomas’ “Conformal

continued on page 664
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skills and learn new methods. Unfortunately, with the
arrival of COVID-19 in our community in March, we were
forced to adjust our vision of working together in person
and participating in field trips to view murals and meet
artists to adapt to social distancing. Despite these obstacles,
we were motivated to continue and create this resource.

We held planning meetings and skills trainings remotely,
every other week at first, and then every week. The more
experienced students trained others on how to collect data
using Esri’s ArcGIS Collector mobile app. We also discussed
research methods to compile information about each mural
and artist to form a full informational picture of each mural
that was incorporated into the web map. We also conducted
remote training of how to use the mapping software; and
formed a work group specifically to design and create an
interactive map using Esri’s ArcGIS Online.

Black Lives Matter

Our original idea was to create a single feature layer of art
murals. But some students noticed a number of murals were
painted directly on street intersections from community
organizing. We decided to create a separate feature layer for
these intersections because they were significantly different
from other art murals and a challenge to photograph. We
used a UAS to capture photos from above. PCC offers classes
preparing students to become UAS pilots, so we used our
classroom knowledge to plan the flights, scout the locations,
and photographed the murals with an UAS, once the dense
smoke from the severe fires along the West Coast dissipated.
Additionally, as we worked on the project, Black Lives
Matter protests occurred nightly in Portland, Artists and
community members collaborated in creating Black Lives
Matter-themed street art on boarded-up buildings. While
these impermanent art works did not fit our initial criteria,
we thought they were significant and that it was important
to document these political and cultural expressions. We
created another separate feature layer to collect these
important mural points. Between the movement for Black
Lives Matter, the disruption due to extreme wildfires, and
COVID-19 impacts, our GIS project essentially became a
time capsule reflecting the events of 2020.

Media Links

Email photogrammetry@oregonstate.edu

Instagram https://www.instagram.com/asprs1868/
0SU Club Website https:/clubs.oregonstate.edu/asprs
Twitter https:/twitter.com/asprs1868

SCHOLARSHIP APPLICATION SEASON
NOW OPEN!
Application Deadline: November 15
Letters of recommendation deadline: November 22
Please see full details on page 702
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Grids & Datums continued from page 662
Projections” fail to yield correct transformation results. In fact,
the Roussilhe (Russell) formulae were developed by the Hydrog-
rapher of the French Navy in the late 19th century, and this
is a common grid used on many hydrographic surveys by the
French well into the 20th century.

The latest available transformation parameters from
the Bekaa Valley Datum of 1920 to the WGS84 Datum
are AX =-182.966 m, AY =—-14.745 m, and AZ = —-272.936
m. The mean planimetric error for these parameters is 5
meters. Example test point: Bekaa Datum Origin: ¢ = 33°
45" 34.1548” N, A = 35° 54" 37.1188” E, and H = 870.513 m.
WGS84 Datum coordinates of the same point are ¢ = 33° 45”7
33.8602” N, A = 35° 54" 40.6802” E, and h = 868.64 m. Accord-
ing to NIMA TR 8350.2, transformation parameters from the
European Datum 1950 to WGS84 Datum are AX =—103 m,
AY =-106 m, and AZ = -141 m for Lebanon.

LEBANON UPDATE

According to the World Bank,
“The leading geospatial agency in Lebanon is the Direc-
torate of Geographic Affairs of the Lebanese Army (GAD),
which produces topographical mapping and geospatial
data for both military and civil purposes. The Director-
ate’s products can be purchased subject to case by case
approval. In an attempt to open broader access through
a National Spatial Data Infrastructure (NSDI) approach,
the Ministry of Administrative Reforms (OMSAR) imple-
mented a GIS portal few years ago, and created a NSDI
regulatory framework and coordination mechanism for
access to geospatial data, but the implementation failed
due to lack of funding or sustainable arrangements for
coordination, access, sharing and dissemination of data.
However, there was progress in standardization and for
example the Lebanon-Syria coordinate reference system
is used for all mapping in Lebanon and thus, the most
important key standard for NSDI is being applied.”

The World Bank Land Administration System

Modernization Project (P159692)

The contents of this column reflect the views of the author, who is
responsible for the facts and accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policies of
the American Society for Photogrammetry and Remote Sensing and/
or the Louisiana State University Center for GeoIlnformatics (C*G).

This column was previously published in PE&RS.
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