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Abstract

Late Ottoman Empire and Mandate Palestine are two impor-
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increase is also noted in survey and mapping, resulting in
a wealth of visual sources. However, while textual sources
were used intensively in various studies, the latter were an-
alyzed to a much lesser extent. A major discipline based on
the study of visual sources is historical geography. However,
lately it seems that historical geography worldwide seeks
for new approaches while struggling to retain dominancy
in an environment becoming more computerized and tech-
nological. In this article | review the opportunities, pitfalls,
and challenges of incorporating GlScience into the his-
torical geography of late Ottoman and Mandate Palestine.
Accordingly, it is suggested that a proper integration will
contribute a substantial theoretical and methodological
novelty while boosting the discipline of historical geography

as well as other social sciences and humanities disciplines.

1 | INTRODUCTION

Almost three decades have passed since the term GlScience (geographic information science) was coined
(Goodchild, 1992) and ever since, the evolving discipline has made tremendous progress (Goodchild, 2010;
Egenhofer et al., 2016). In contrast, the development of traditional disciplines—with spatial grounds in the social
sciences and humanities—seems to be longing for new ideas and approaches (e.g., Dunn, 2017; Lock & Pouncett,

2017). One of these disciplines is the historical geography that is focused primarily on the study of past landscapes,
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spatial phenomena, and the interplay of nature and society in historical times (Ben-Arieh, 2001a). These themes
span the disciplines of both history and geography, and thus occasionally one has to combine field work with archi-
val inquiries in order to resolve a given scenario (Lorimer, 2010). Lately, however, it seems that the discipline of his-
torical geography has matured and reached the point where new conceptualizations and theories are essential for
its future growth (Colten, 2018), although attempts are already being made (e.g., Travis, Ludlow, & Gyuris, 2020).
The worldwide deceleration of historical geography did not skip the study of Palestine, which demonstrated con-
tinuous momentum in the previous century (e.g., Ben-Arieh, 1989; Ben-Artzi, 1997; Kark, 1990), but had slowed
somewhat since the beginning of the 21st century.

During the last few years, | have become familiar with the enormous number of visual sources associated with
Palestine. Two of the richest periods in these sources are the late Ottoman Empire and British Mandate Palestine.
However, while the remarkable regional developments in Palestine during the 19th and mid-20th centuries were
studied intensively through textual sources (e.g., Ben-Arieh, 1970, 1977, 1979; Ben-Bassat & Ginio, 2011; Carmel,
2011; Jacobson, 2011; Segev, 2000), many of the visual sources were omitted. This is surprising when historical
geography, as a scientific discipline aimed at the study of the landscape, may benefit significantly from quantita-
tive and qualitative interrogation of such sources (Amzi-Erdogdular & Celik, 2018). Fortunately, GIScience now of-
fers a wide range of approaches to interpret and analyze historical visual sources that are of relevance to historical
geography as well as other social sciences and humanities. In this article | review the opportunities, pitfalls, and
challenges of using GlScience, together with visual sources for the study of the late Ottoman Empire and British
Mandate Palestine periods. | use these two periods as a test case to examine what is the foreseen contribution of
GlScience to historical geography and to what extent. In other words, can GlIScience serve as the “game changer”
that historical geography is looking for?

The article is organized as follows. In Section 2, | explain why the late Ottoman and British Mandate periods
were selected as a test case and in Section 3, | review the associated visual sources and cartographic mate-
rial, along with elaborating milestones in the development of surveying, mapping, and the manufacture of visual
sources. In Section 4, GlScience approaches utilized for interrogating visual sources are reviewed, in particular
those of relevance to the periods under inspection, and | discuss the trends, gaps, and potential pitfalls of the
study conducted so far. Section 5 is devoted to the challenges and opportunities ahead, and what might be the
theoretical and methodological novelty of historical geography studies that endeavor to diffuse GlScience with
visual sources from the late Ottoman Empire and British Mandate periods. Finally, Section 6 provides a summary
of the major findings.

2 | WHY LATE OTTOMAN EMPIRE AND BRITISH MANDATE PERIODS?

The periods of the late Ottoman Empire and British Mandate are two important phases of tremors, developments,
and modernization in Palestine, ending with the establishment of the independent State of Israel in 1948. When
framing the periods, perhaps the event marking the beginning of the late Ottoman period is Napoleon's campaign
from Egypt to Acre in 1799 (Shepherd, 1987, pp. 16-17). Until the beginning of the 19th century, Palestine under
Ottoman rule attracted little attention from the international community. Then, the international focus was gradu-
ally diverted to the Southern Levant, enhanced by substantial geo-political developments such as the Egyptian
occupation of Palestine (1831), the Tanzimat reforms (mid-19th century), the Crimean war (1856), the opening of
the Suez Canal (1869), the entry of Britain into Egypt (1882) and confrontation with the Ottomans (1906), the
Jewish immigration waves to Palestine starting in the late 19th century, the outbreak of World War |, and the
occupation of Palestine in 1917 initiating the British Mandate for a period of nearly 30 years (Aaronsohn, 1983;
Ben-Arieh, 1970; Ben-Arieh & Bartal, 1983; Ben-Bassat & Ben-Artzi, 2015; Goren, 2002; Penslar, 1990). These
changes, along with modernization processes (e.g., Gerber, 1982), resulted in dramatic tremors in the landscape

and cityscapes of Palestine (Ben-Arieh, 1981).
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Some of these tremors evolved into conflicts unresolved until today. A prominent example is the Israeli-Arab
conflict, considered to have originated in the late 19th century with the first Jewish immigration wave (Aaronsohn,
1983). The core of the conflict are the questions of who inhabited Palestine at the time, what used to be the
number of inhabitants, and who in fact was responsible for the development of the land (Gelvin, 2014). Not sur-
prisingly, this long-lasting dispute also enters the scientific literature, while contradictory interpretations based
on incomplete historical sources encourage confusion and contention (e.g., Rowland & Frank, 2002, pp. 21-34).
A potential contribution of GlScience to address some of those questions might be an accurate and complete
reconstruction of the landscape at the time, which will assist historical geographers in interrogating—at least quali-

tatively—the temporal and spatial changes, accordingly sustaining facts and minimizing disputable interpretations.

3 | THE 19TH AND 20TH-CENTURY VISUAL SOURCES

The beginning of modernization and the renewed attraction to Palestine during the 19th century resulted in
increasing involvement of the European nations—particularly Britain, France, Germany, and Russia (Goren, 2010)—
along with a significant rise in the number of travelers, pilgrims, scientists, and survey expeditions (Bar & Cohen-
Hattab, 2003; Goren, 2001). Altogether, they have contributed numerous contemporary textual accounts such
as journals, diaries, books, scientific articles, newspaper reports, letters, documents, census, and official reports.
Aside from written sources and cartographic material produced earlier in the 19th century, the renewable interest
in what used to be referred to as the “Holy Land” also gave substantial rise to the production of visual sources such
as maps (Ben-Arieh, 1973; Rubin, 1999, 2018; Rubin & Goren, 2010; Vilnay, 1965), illustrations and paintings (Ben-
Arieh, 1997, 2001b), photographs (Nassar, 1997; Nir, 1985a, 1985b; Perez, 1988; Schiller, 1980; Wilson, Howe, &
Rosovsky, 1997), and air photography (Gavish, 1978, 1989).

The cartographic material and visual sources associated with the 19th and first half of the 20th century can
be roughly classified into four categories: paintings and illustrations, maps (whether georeferenced or non-ref-
erenced), photographs, and air photographs. Perhaps the most frequently used cartographic material are the old
maps. The first maps depicting Palestine and its close surroundings were already made in late antiquity. The
Peutinger map (Tabula Peutingeriana), depicting the routes of the Roman Empire at the time, was probably already
made in the 4th century CE (Talbert & Elliott, 2010), while the Madaba map, portraying Palestine, is dated (most
likely) to the 6th century CE (Avi-Yonah, 1954). From late antiquity until the late 18th century, much of the car-
tographic material was devoted to Jerusalem, mostly due to the focus it attracted over many years (Rubin, 1999).
Other settlements and regions during the middle ages were depicted to a much lesser extent (Harvey, 2012;
Rubin, 2018; Smith, 1990; Vilnay, 1965).

A notable cartographic landmark arose during Napoleon's campaign from Egypt to Acre in 1799 (Ben-Arieh &
Bartal, 1983). The campaign was accompanied by a military survey expedition led by French cartographer Pierre
Jacotin. They surveyed Egypt, Sinai, and Palestine and produced a map including six sheets at 1:100,000 scale
(Jacotin, 1818). Although the map was incomplete and contained considerable errors (Karmon, 1960), it marks
a transition phase for being the first measured map reproduced using triangulation measurements (Godlewska,
1988). Around the mid-19th century, notable maps were made by the German cartographers Heinrich Berghaus,
Heinrich Kiepert, and Augustus Petermann (Schelhaas, Faehndrich, & Goren, 2017). During the second half of the
19th century (1871-1877), the Palestine Exploration Fund (PEF) conducted a comprehensive survey (Moscrop,
2002), led by professional officers of the Royal Engineers of the British Army, Lieutenants Conder and Kitchner.
The map, comprised of 26 sheets on a scale of 1 inch to 1 mile (1:63,360), was published in 1881 (Conder &
Kitchener, 1881) and is considered to be the first reliable map by modern standards (Levin, 2006). In 1890, George
Armstrong extended the PEF map south of the Be'er Sheva region and well into the Arava valley. However, many
of the regions included in this map were hardly mapped, probably because they were not surveyed (Armstrong,

1890). Two decades later, and in light of the coming confrontation between the British and Ottoman Empires along



4 WI LEY_Tronsacﬁons @ ZOHAR
in GIS

the Egyptian border, a survey team led by Lieutenant Colonel Stewart Francis Newcombe mapped the Southern
Levant (Newcombe, 1914) and produced the first complete and accurate map by modern standards available for
this region (Zohar, 2019) (Figure 1). Other maps include Russian maps (Frumin, 2004), Ottoman maps found in the
Istanbul archive (Ben-Bassat & Ben-Artzi, 2015), American maps (Edson, 2014), cadastral maps (Gavish & Kark,
1993), and Hebrew maps (Rubin, 2018).

Like maps, paintings of the Holy Land appeared as early as the 17th century. Western artists, fascinated by
what they perceived as the exotic Orient and biblical landscapes, started drawing oriental rituals, culture, and
landscapes (Ben-Arieh, 1997, pp. 14-33). During the first half of the 19th century, the development of scientific
theories and increasing biblical criticism enhanced the desire to preserve the Holy Land scenes and landscapes.
Perhaps the pioneers were the wood-engraving artists such as the Finden brothers, and artists employed by
Fisher Publishing (Ben-Arieh, 1991). The engravings they produced were used for reproductions of illustrations

FIGURE 1 Visual and cartographic material of 19th and early 20th-century Palestine: (a) the Rafa sheet of
the Newcombe map (Newcombe, 1915); (b) Mt. Zion in a painting by George Balmar after a sketch by Frederik
Catherwood from 1833 (Balmar, 1835); and (c) Tiberias in the late 19th to early 20th century in a photograph by
American Colony photographers (American Colony (Jerusalem), Photo Department, 1898-1914); (d) air-photo of
the Old City of Jerusalem (FI304, 1917)
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appearing in books aimed for commercial sale (Figure 1). Other colorful scenes of the Holy Land appear in books
of travelers and artists commemorating their journey in the Levant (e.g., Bartlett, 1844; Burckhardt, 1822; Carne,
1838; Henniker, 1823; Roberts, 1849; Spencer, 1850; Turner, 1820; Velde, 1857). Many of the paintings of Holy
Land scenes were also presented at international exhibitions and conferences (Ben-Arieh, 1991), giving rise to an
increasing popularity of this genre. Aside from scenes, paintings and illustrations were also used to perpetuate
important events such as the 1837 earthquake damage in Tiberias and Safed (Bernatz & Schubert, 1839; de-
Laborde, 1837), or as geographical references in guided travel books (e.g., Baedeker, 1912).

Toward the mid-19th century, photographers began to document the Holy Land. The first known photograph
was taken from Mt. Olives in 1839, by the French photographers Goupil-Fesquet and Horas Vernet, overlooking
the Old City of Jerusalem. They used daguerreotypes as a photographic technique, which reflects the light passing
through a camera obscura device onto a copper plate covered with silver. A few years later, daguerreotypes were
also used in Palestine by the Frenchman Girault de Ptangey (1844) and the Scotsmen Alexander Kieth and his son
George Skin Kieth (1844) (Nir, 1985a). During the second half of the 19th century, photography evolved into an
established profession for local and foreign residents such as James Graham, Ermete Pierotti, Peter Bergheim,
and Mendel Diness (Onne, 1980, pp. 90-91). In the late 1860s, the first stereoscopic photographs were taken
by British photographer Francis Frith (1859) and local Mendel Diness (see Wahrman, 1985 and references cited
therein). Toward the end of the 19th century, professional photography became widespread and with the inven-
tion of the printing block, photographs could be printed commercially in books and widely disseminated for public
purchase (Wilson et al., 1997). Among the prominent photographers, one can count the Bonfils brothers, August
Salzmann, and De Clerq, who were active during the late 19th century (Perez, 1988), along with the famous
American Colony photographers who established a photography shop in the Jaffa Gate area at the beginning of
the 20th century (Gavish, 1984) (Figure 1).

In 1903, the Wright brothers conducted a short airplane flight (Johnson-Laird, 2005), leading the way to the
aircraft industry and aerial photography. The latter was developed after the outbreak of World War |, when the
troops in the field needed contemporary tactical maps. The first air photographs were produced after installing
airborne cameras and developing the capability to decipher air photographs, first by French and British intel-
ligence and later by other nations (Gavish, 1978). By 1915, during the confrontation in Palestine between the
British and the Ottomans, air photographs were taken by British, German, and Australian squadrons, thus assisting
in procuring accurate and contemporary maps (Collier, 1994; Gavish, 1989). After the war and during the British
Mandate period, photography and air photography techniques were further developed and also used for civil
purposes such as preparing accurate town maps (Gavish & Biger, 1985), topographical maps, and cadastral maps

utilized for city and regional planning as well as for maintaining regulations (Gavish & Kark, 1993) (Figure 1).

4 | GISCIENCE AND THE STUDY OF PALESTINE
4.1 | General definitions

The term GlScience appeared for the first time in Goodchild (1992), although some of the foundations used for
the interpretation of cartographic material and visual sources were laid earlier (e.g., Ben-Arieh, 1974; Crowell,
Leatherman, & Buckley, 1991; Karmon, 1960). Occasionally, GlScience is confused with the much more familiar
term GIS (geographic information system). To differentiate, GlScience is an independent discipline expressing
scientific theoretical themes and methodologies associated with the analysis of spatial data (Mark, 2003). GIS, in
contrast, refers merely to the software and technological tools (Wright, Goodchild, & Proctor, 1997). Both disci-
plines lie under the umbrella term of geoinformatics, encompassing modern infrastructure and tools that support
the transformation of geodata to knowledge in geosciences (Awange & Kiema, 2019; Sinha et al., 2010). The term
“geodata” refers to spatial datasets representing a geographical theme comprised of two major topological data
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structures. The first is vector-based data represented primarily by points, lines, or polygons and accompanied by
an attribute table. The second is raster data based on a mathematical matrix representing a continuous surface
where each matrix item expresses a grid cell. The representation of the vector and raster data in relation to the
shape of the Earth is accomplished by using mathematical map projections transforming 3D data in the manner of
shape, angle, and position into a 2D representation. Map projections, together with the datum and coordinates,
comprise a coordinate reference system (CRS) enabling planar and geodetic measurements as well as the analysis
of spatial relations such as proximity, density, and overlay.

The GlIScience branch, using GIS to analyze historical scenarios, cartographic materials, and texts, is generally
referred to as historical GIS (HGIS) (Gregory & Healy, 2007; Knowles, 2008), although in the last few years the
term and themes have gradually been replaced by the concepts of spatial history (White, 2010) and spatial human-
ities (Gregory & Geddes, 2014). This does not mean that HGIS is declining, but rather implies that the discipline is
extending beyond the boundaries of the social sciences and is becoming applicable to a wide range of disciplines
(Knowles, 2016). With proven quantitative and qualitative capabilities (Cope & Elwood, 2009; Sui, 2015; Wang,
2006), HGIS enables us to perform various tasks such as interogating cartographic materials (Manzano, Martinez,
& San-Antonio-Gomez, 2012), analyzing maps and sketches (Pavlovskaya, 2016), detecting land use and landscape
changes (Bender, Boehmer, Jens, & Schumacher, 2005; Herold, 2018; San-Antonio-Gémez, Velilla, & Manzano-
Agugliaro, 2014), creating deep maps for examining the meaning of places and serving as multimedia conveyors
of places and the everyday lives of their inhabitants (Bodenhamer, Corrigan, & Harris, 2015), reconstructing his-
torical landscape and cityscape (whether in 2D or 3D) (de Boer, 2010; Georgoula, Stamnas, Patias, Georgiadis, &
Fragkoulidou, 2013; Nakaya et al., 2010; Rubinowicz & Czynska, 2015), and resolving complex scenarios of past
phenomena or catastrophes (Verhagen & Jeneson, 2012; Zohar, 2017). Additionally, it is now possible to inspect
the development of narratives using map stories (Mennis, Mason, & Cao, 2013) and creating new forms of past
virtual knowledge (Gregory & Healy, 2007; Knowles, 2008).

4.2 | GlScience trends

A sense of to what extent GlScience has entered the scientific literature and discourse is demonstrated by the in-
spection of GlIScience trends. The Scholar Plot® application! counts the frequency with which a given phrase was
searched in Google Scholar within a given timed period. Accordingly, the trends of the terms “GlScience,” “GIS,”
“Geoinformatics,” and “HGIS” between 2003 and 2018 were inspected (Figure 2a). Among the four terms, the two
which demonstrate continuous growth throughout the inspected period are “Geoinformatics” and “GlScience.”
The frequency of the term “GIS” rose until 2011-2012 and then declined sharply toward 2018. That is, although
the frequency of “GIS” in absolute values is much higher than “GlScience” and “Geoinformatics,” the growth line in
the last 8-9 years is the opposite, perhaps implying alternative terms gradually entering the scientific jargon. The
frequency of the term “HGIS” showed little growth and rose just slightly with two minor peaks in 2008 and 2017.

A second trend examination obtained using the Web of Science website? demonstrates the frequency of
publications per year classified by the association with various types of visual sources. As search filters, combi-
nations of words and wildcards found in the publication topic (title, abstract, and keywords) were set. To cope
with stemming or inflection of the search words, an asterisk (*) was used to denote a search for any character. For
example, the search word “hist*” will retrieve any matching topic that contains the stem of “hist” or inflections
of “history” (e.g., history, historians). Five combinations of search words were articulated for the period between
1998 and 2018. Each combination included the words “GIS” and “hist*” and one of the following: “carto*” (stands
for cartography inflections), “map*,” “*photo*” (stands for both photographs and air photo inflections), “drawing*,”
and “painting*” (Figure 2b). Accordingly, the frequency of publications found when searching the combination con-
taining the word “map*” rose steeply between 1998 and 2018 but exhibited a slight decrease in 2013-2014, while

*0 wk *9

the frequency involving the words “carto*” and “*photo*” rose only moderately. No growth was detected for the
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FIGURE 2 (a) The frequency of Google Scholar searches between 2003 and 2018 for the terms “GIS,”
“GlScience,” “Geoinformatics,” and “HGIS” using the Scholar Plot® application (powered by Google); and (b) the
frequency of publications per year containing the search phrase combining “GIS” and “hist*” with one of the
terms “carto*,” “map photo*” “drawing*,” and “painting*” found in the topic (title, abstract, author keywords,
and keywords plus) of a given publication. The asterisk (*) denotes replacement and represents any character.
The results are based on the search engine by Clarivate Analytics, Web of Science against all available databases

(Web of Science Core Collection, BIOSIS Citation Index, BIOSIS Previews, and Zoological Record)
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combination of “GIS” and “hist*” with “drawing*” or “painting*.” That is, the most popular visual sources associated
with GIS are maps, while photographs (including air photographs) are less popular, and drawings and paintings
are hardly connected. These are worldwide trends and are not related to any geographical region. When adding
the search word “palest*” (stands for Palestine inflections) to each of the five search combinations, the number
of retrieved publications was relatively small; only 2, 7, 3, 1, and O publications for combinations containing the
words “GIS,” “hist*” and “palest®” with one of the words “carto*,” “map*,” “*photo*,” “drawing*” and “painting™,”
respectively. Clearly, the very few retrieved publications associated with GIS, visual sources, and Palestine does

not necessarily reflect an accurate and finite estimation. However, it may certainly imply a potential gap.

4.3 | GlScience in the study of late Ottoman and British Mandate Palestine

The use of GlScience with historical visual sources in the study of Palestine-related themes began at the end of
the 20th century. Early GIS and remote sensing studies examining consecutive air photographs of Israel over a
period of 32 years were implemented at the end of the 20th century for tracking vegetation dynamics (Kadmon
& Harari-Kremer, 1999). Levin and Ben-Dor (2004) also used remote sensing, GIS, and historical air photographs
(1944-1999) to monitor sand-dune stabilization along the coastal dunes of Israel. The first attempts to use GIS and
cartographic material of the late Ottoman and British Mandate periods were made only at the beginning of the
21st century by Frumin (2004) for studying Russian navy mapping activity, and also by Saidel and Christopherson
(2005) to evaluate the survey conducted by Wooley and Lawrence at Elusa during the early 20th century. In
general, maps were the main cartographic material being analyzed for detecting landscape changes (Levin, 2006;
Levin, Elron, & Gasith, 2009; Levin, Kark, & Galilee, 2010; Schaffer & Levin, 2014, 2016; Schaffer, Peer, & Levin,
2016; Zohar, 2019), but gradually GlScience approaches have expanded and included the examination of other
visuals such as paintings (Davie & Frumin, 2007; Zohar, Rubin, & Salamon, 2015), old photographs (Zohar, Rubin,
& Salamon, 2014), and air photographs (Zohar, 2017).

4.4 | Difficulties and pitfalls

Although promising and demonstrating continuous progress, GlScience faces several difficulties of relevance to
the integration with the social sciences and humanities disciplines, such as historical geography. Most are associ-
ated with the interrogation of historical visual sources, whereas some are applicable to any work being imple-
mented with historical material, while others are context-driven and are unique to the 19th and early 20th-century
material of Palestine. In any case, these difficulties should be considered carefully—whether they are associated
with technical misuse of GIS software (Schaffer & Levin, 2015) or stem from false misconceptions and expecta-
tions. Ultimately, many of the pitfalls concern two basic themes when using GlScience. The first is the veracity and
accuracy of the examined sources and the potential reflection on the extracted information, while the second is
how GlScience can be utilized in order to convert this information into new forms of knowledge.

The primary limitation of understanding how GIScience works for someone who is not an expert is the diffi-
culty in grasping how the various geodata are reflected on a GIS-based framework. Although online GIS-based
applications such as Google Earth (https://www.google.com/earth/) or Waze (https://www.waze.com/en) are
popular and widely used, the basic concepts of managing spatial data remain unclear for many users. Thus, we
witness two polarized perceptions among non-expert users which under- or overestimate the capabilities of
GlScience. The first perception is under the impression that GlScience is all about mapping and making maps.
Thus, users holding this opinion tend to underestimate or overlook the capabilities of GIScience as relevant to
work or collaboration (Knowles, 2016). The second perception bestows powerful abilities on GlScience, much

beyond its true capacity. The holders of this opinion are genuinely convinced that diffusing GIScience into their
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study will magically revolutionize the outcomes. Basically, these two polarized opinions reflect a debate initiated
nearly three decades ago which concerns the question of whether GIS is merely a “tool” or in fact a scientific dis-
cipline (Goodchild, 1992; Wright et al., 1997). Either way, both opinions express confusion in understanding GIS
and GlScience and how one should use them to address research questions or themes associated with the social
sciences or humanities.

There are some pitfalls even experts might struggle to cope with. A study aiming at accurate analysis of past
scenarios generally utilizes large sets of visual sources. In many cases, the completeness of each source might be
meager, thus requiring cross-compensation between multiple sources. Consequently, a successful study may re-
quire a considerably large amount of time to examine many sources and is likely to incur great expense. The total
effort of just structuring a digital database and digitizing the GIS-based extracted features is very demanding, and
this is just at the beginning of the study (see Knowles, 2016 and references cited therein). In 2017, | reconstructed
the cityscape of Tiberias prior to and after the 1837 earthquake to analyze the resulting spread of the damage and
its severity. The reconstruction processed more than 50 visual sources including maps, drawings, photographs,
and air photographs. The work done on each of the sources included georeferencing, accuracy verification, and a
tedious extraction of the GIS-based vector features, lasting a few months of continuous work just to prepare the
data. Thus, the costs, efforts, and complexity of such studies may deter even experienced scholars, especially in
the absence of suitable financial funding and personnel.

The difficulties do not end at this stage; once verified and prepared, one has to integrate various types of
sources and geodata on a single GIS framework and align them with a common CRS. This task is even more compli-
cated when extracting a feature simultaneously from multiple sources and attempting to cross-validate its shape,
area, and form. For instance, detecting and extracting a building that is marked on a map, portrayed in a painting,
and perpetuated in a photograph (Zohar, 2017). With the element of time (i.e., temporal examination of that fea-
ture along a given period), the complexity rises even more—a compilation of various feature instances depending
on time and space might be questionable and risky regarding accuracy standards. To date, such compilations are
somewhat cumbersome and time-consuming, and must be dealt with very carefully. Although semi-automated
processes facilitating feature extraction are already in use (Aubry, Maturana, Efros, Russell, & Sivic, 2014; Chen,
Chen, & Tseng, 2016; Chen et al., 2018; Fanos, Pradhan, Mansor, Yusoff, & bin Abdullah, 2018; Garosi, Sheklabadi,
Conoscenti, Pourghasemi, & Van Oost, 2019; Goshen & Shimshoni, 2008; Hartley & Zisserman, 2003), they pri-
marily refer to maps and photographs, leaving aside illustrations and paintings. More importantly, they devote less
attention to synthesizing various features originating from different types of visual sources on a unified GIS-based
framework.

The study of the late Ottoman Empire and British Mandate periods also poses some unique challenges that
historical geographers should be aware of. As the periods preceding the independent State of Israel, they are asso-
ciated with long-lasting conflicts and disputes such as the Israeli-Arab conflict (Gelvin, 2014). This ongoing strug-
gle between the two rivals does not spare the cartographic material, and consequently it is sometimes maliciously
interpreted to support one opponent's narrative rather than independent analysis (Leuenberger, 2018; Quiquivix,
2014; Sanchez, 2018). Thus, to avoid geo-political biases, careful interrogation of the sources themselves is vital,
especially when one is facing contradictory interpretations. Another pitfall historical geographers face is the land-
scape changes enhanced after the establishment of the State of Israel. The hectic desire of the young country to
inhabit the major cities and the fringe areas resulted in tremendous landscape changes. Many of these changes
significantly transformed the landscape at the time, while others completely wiped it out beyond recognizability.
Consequently, the ability to tie and compare present-day landscapes and features to those reflected in the visual
sources is occasionally limited or not even possible. Prominent examples may be found in the marginal Northern
Negev (Zohar & Erickson-Gini, 2020) and the urban cases of Jurat el-Anab in Jerusalem (Gafni, 2013) and the old
city of Tiberias (Paz, 1988), where little or no remains of the landscape are left today.

Finally, there is the inevitable discussion concerning the current state of historical geography worldwide and

its future. Lately the growth of this discipline has moderated (Colten, 2018), and this impedance is quite disturbing.
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It means that fewer studies are being initiated, and fewer scholars are involved in spatial inspections of past
scenarios. It also means that fewer GlScience-based analyses of cartographic material are being carried out, as
historical geography is one of the major consumers of such material (Offen, 2013). In other words, further lack of
progress in historical geography might slow down the processes of integration with GlScience. As GlScience con-
tinues to develop substantially, and considering the current state of historical geography, this integration seems
vital for the growth of the latter.

5 | OPPORTUNITIES AND CHALLENGES

Fundamental inquiries concerning historical sources are their quantity and completeness. For the textual sources
of the periods under inspection, there are several important indexed bibliographic collections containing hundreds
of entries (Réhricht, 1890; Thomsen, 1911; Tobler, 1867). However, although detailed and well cross-referenced,
one cannot use them to estimate the abundance of the visual sources. An expert estimation assumes thousands
of relevant visual sources, but this is only a rough figure.® Fortunately, as the online storage and web capabili-
ties develop, more visual sources become accessible for download and usage through advanced online metadata
search (McAuliffe, Lage, & Mattke, 2017). Naturally, the foremost archives are the national archives. For instance,
in regard to the study of Ottoman and Mandate Palestine between 1750 and 1950 CE, the National Library
of Israel (https://web.nli.org.il/sites/NLIS/en/Maps) contains more than 4,000 maps, pictorial maps, paintings,
and illustrations. A second well-established corpus is the Matson collection at the American Library of Congress
(https://www.loc.gov/pictures/collection/matpc/), containing thousands of photographs taken by the American
Colony photographers (Gavish, 1984) and spanning the late 19th century to the mid-1940s. Other than online re-
positories, relevant sources are also archived in private and public collections such as the Central Zionist Archive
(http://www.zionistarchives.org.il/pages/default.aspx) and the “Bitmuna” collection (http://www.bitmuna.com/),
local museums such as the National Maritime Museum (https://www.nmm.org.il/eng), and books, catalogs, and
lists aimed at the interpretation of cartographic material (e.g., Ben-Arieh, 1997; Kedar, 1994; Rubin, 2018; Vilnay,
1968). Altogether, these resources reflect a large set of potential visual sources which, as suggested following the
findings presented in Figure 2, have been insufficiently exploited so far.

Significant progress has also been made in developing spatial methodologies to handle the cartographic ma-
terial and determining standards of quality assurance (see Schaffer & Levin, 2015 and references cited therein).
Yet these refer mainly to maps, while substantial gaps still exist in relation to paintings and illustrations, which
were analyzed in a few papers only (e.g., Farag-Miller, Miller, & Kirkpatrik, 2012). However, with the progress of
machine learning and computer vision, it is now possible to handle the enormous amount of detail such sources
might contain (Chiang, Duan, Leyk, Uhl, & Knoblock, 2020; Duan, Chiang, Leyk, Uhl, & Knoblock, 2020; Duan
et al., 2017; Feng, Thiemann, & Sester, 2019; Uhl, Leyk, Chiang, Duan, & Knoblock, 2017). Computer vision may
also assist in georeferencing source-to-earth dimensions and re-project the features the source contains onto a
GIS framework (for a review of feature extraction approaches, see Herold, 2018, pp. 59-60). A pioneering attempt
to interpret old paintings and re-project the portrayed features they contain was carried out by Zohar, Shimshoni,
and Khateb (2020) using the 1823 painting of Frederick Henniker (Henniker, 1823). Figure 3 demonstrates a
preliminary georeferencing process of the painting using a RANSAC algorithm (Fischler & Bolles, 1981; Hartley
& Zisserman, 2003). The process places digitized noted features (red dots) at equivalent locations on the canvas
of the painting (green dots), as if the painting was a photograph with well-known camera properties such as geo-
graphic orientation and focal length. Additionally, notable semi-automatic support for cartographic inquiries uses
computer vision for searching and indexing sources by image content rather than just textual metadata (Weinman
et al., 2019; Wevers & Smits, 2019). These can be an important contribution to establishing historical gazetteers
acquired from maps (e.g., Armstrong, 1887; Conder & Kitchener, 1881; Newcombe, 1914) and settlement indexing
(e.g., Willson et al., 1881).
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FIGURE 3 Georeferencing features on a painting drawn by Henniker (1823). Noted features (in red) compare
to the RANSAC identification (in green). Note the relatively large difference of features in the area between the
southern and northern parts of the city

Another prospective and promising aspect of GlScience is geovisualization (whether 2D or 3D) (Knowles,
Westerveld, & Strom, 2015; Staley, 2015). Ongoing improvements in the software and hardware graphics enhance
better representation and performance of spatial scenes. It is not just a matter of communication, but rather an
important ability to practically virtualize the history—namely, through deep maps, spatial narratives, along with
cityscape and landscape reconstructions (Aitken, 2015; Bodenhamer, 2018). The study of Palestine settlements
over the inspected period could benefit significantly from such reconstructions that, most likely, will enable tem-
poral and spatial examinations. For instance, the study of cities such as Jerusalem, Jaffa, Hebron, Tiberias, and
others that were perpetuated in many visual sources. Transforming the vast amount of information contained in
these sources into virtualized deep maps will make significant progress in showing how these cities appeared in
the past, and how they evolved and changed. Such 2D or 3D GlScience-based models can provide lots of virtual
options to view and examine the data, such as rotation of scenes and views from almost any angle or aspect. More
importantly, they may enable a new look at the past and consequently make significant theoretical contributions
to urban development and human activity at the time (Page & Ross, 2015; Tobias, Cajthaml, & Krej¢i, 2018).

A potential historical geography study incorporating GlScience approaches will probably include several im-
portant stages. Accordingly, upon establishing the research questions and hypotheses, a typical roadmap might
include the following stages: setting a GIS framework; importing and georeferencing the various types of visual
sources; verifying the accuracy and completeness of the sources; extracting the contained information; perform-
ing spatial and temporal analyses; and visualizing the results. This is also the case for the study of Ottoman and
Mandate Palestine. However, unlike other geographic regions and historical periods with fewer available sources,
the study of Ottoman and Mandate Palestine encapsulates the possibility to reach and analyze many unexploited
visual sources perpetuating periods of tremors and conflicts. With the capabilities GIScience provides, the study
of these fascinating periods will not only contribute important theoretical novelty but is also, in my opinion, likely
to boost the historical geography of the entire region.

6 | SUMMARY

The Late Ottoman Empire and Mandate Palestine are two periods of great importance due to modernization pro-
cesses and significant changes and tremors, some affecting the region until present day. The historical geography
of these periods so far is enormous but seems to have matured. In light of the technological achievements in the
last few decades, the question arising is whether new approaches can be adopted in historical geography in order
to provide new methodologies and meaningful theoretical innovations. In this article | reviewed the use of visual
sources in various historical geography studies, and the advances one can gain by applying GIScience approaches.



ZOHAR

12 WI LEy_Transactions &)

in GIS

The claim raised here is that the number of GlScience-based studies of late Ottoman and Mandate Palestine in-
volving visual sources is far fewer than the number of studies using written sources by traditional methodologies.
In other words, the number of existing visual sources is probably several thousands, but the level of exploitation is
still very low. In a sense, it is a treasure chest waiting to be opened, where GlIScience seems to be one of the major
keys. It is suggested, therefore, that aside from the methodological and theoretical novelty, proper incorporation
of GlScience will boost and revive the discipline of historical geography, as well as other scientific disciplines.
Additionally, the integration of GlScience is likely to promote new ideas, approaches, and human resources, and
may serve as a common platform for collaborations with other disciplines. Moving into the GlIScience era is not an
easy task, and scholars from the social sciences and humanities will have to adopt new methodologies and skills.

However, it seems worthwhile and certainly promising.
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ENDNOTES
1 The Scholar Plot® application is powered by Google Scholar and is available at https://www.csullender.com/scholar/

2 The Clarivate Analytics, Web of Science website is available at https://apps.webofknowledge.com/WQOS_ClearGener
alSearch.do?action=clear&product=WOQOS&search_mode=GeneralSearch&SID=C5z5h3tUE8fvbKn3Ndg

3 Following personal communication with Professor Haim Goren, Tel-Hai College, Israel (27 January 2020).
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