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Abstract

”Aqranus is a magnificent city located on a high mountain,” writes the 12th-century Arab
geographer al-Idrisi. Today, historians widely agree that Aqranus refers to the medieval city
of Kran whose exact location remains uncertain. In this study, we test competing hypotheses
for Kran’s location by modeling spatial references from al-Idrisi in a GIS environment.
Al-Idrisi records Aqranus as lying six days of march from Istibuni (modern Ihtiman), 40 miles
from Farui (Stara Zagora), and four days of march from Lufisa (Lovech). We operationalize
these distances using three progressively realistic spatial methods. First, we apply Euclidean
distance buffers. Second, we model anisotropic, slope-dependent travel costs across the
landscape. Third, we simulate travel within a reconstructed medieval road network. As
model realism increases, the probable location of Aqranus shifts westward. To assess the
consistency of al-Idrisi’s account, we also incorporate two Byzantine sources describing Kran
as midway between Beroe (Stara Zagora) and Tarnovo (Veliko Tarnovo). Two least-cost
path variants from this analysis suggest an alternative location, supporting a more easterly
interpretation and challenging the current scholarly consensus. Rather than resolving the
mystery, our findings expand the range of plausible candidates and underscore the problem of
geocoding historical toponyms evenwhere numerous linguistic and spatial clues are available.

Keywords: geocoding, geoparsing, historical toponyms, historical geography, buffers,
isochrones, road network analysis

1 Introduction
Geocoding place names is a fundamental component of spatial analysis in a wide variety of dis-
ciplines from epidemiology to computer science [58]. This process of linking geospatial coor-
dinates to toponyms from texts has traditionally relied on large, often crowdsourced gazetteers.
These curated databases contain place names paired with coordinates, which can be searched and
matched to textual references [4; 8; 13; 37; 42]. More recently, computational linguists have uti-
lized natural language processing and deep learning to infer geographic context and to constrain
resulting toponym geometries within bounding polygons [10; 16; 19; 26; 28]. Yet despite these
advances, ambiguous or extinct place names frequently defy resolution. In historical geography in-
complete spatial references abound. Where place names are similar, vague, or absent from modern
gazetteers, geocoding remains a stubborn challenge [5; 17; 18; 31]. In such domains, geolocation
still depends heavily on gazetteer construction and human interpretive labor [4; 15; 53].

In this paper, we demonstrate the complexity of geocoding historical toponyms on the example
of Aqranus, a city mentioned by the medieval cartographer al-Idrisi (AD 1100–1165), which has
since disappeared from the map. Al-Idrisi’s text gives relative distances from Aqranus to three
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known locations. We operationalize these as three different types of spatial measurement – Eu-
clidean buffers, cost-based isochrones, and network distances – each reflecting a different model
of medieval movement or representation of space. By intersecting the resulting spatial zones, we
identify a plausible search area for the lost town and compare it against candidates proposed by
the historical community.

This case study illustrates how combining linguistic interpretationwith diverse geospatial mod-
eling techniques can refine toponym resolution. Such methods can inform the development of
geoAI systems that must grapple with uncertainty, ambiguity, textual and historical context [12;
56; 57].

2 Background
Locating a place solely on the basis of a historical text can be as uncertain as it is controversial.
Locations of many events, such as, for example the burial of Attila the Hun, remain elusive due to
sparse historical description. Heinrich Schliemann’s (and Frank Calvert’s) discovery of Homeric
Troy irked the academic community because it defied the long-standing consensus that the Iliad
was unreliable as a historical source [43; 47]. Such situations are exceedingly rare, however; as
the gap in time, space, and agenda between the historical author, the modern audience, and the
events described increase the ambiguity of well-described places. While multiple sources can
sometimes be cross-referenced to narrow down specific locations, more often we are left with
several alternative locations all based on imprecise clues. In such cases, especially where testing
by archaeological excavation is impossible, creative methods must step in – including the spatial
testing of historical claims using exclusionary and falsifiable models.

The medieval city of Kran offers one such example. Identified by modern scholars as the city
of Aqranus in the writing of al-Idrisi, Kran is mentioned by multiple Byzantine writers, including
Niketas Choniates [6],1 George Pachymeres [39],2 Manuel Philes [40],3 and in the charter of Bul-
garian tsar Ivan Asen II [33]. Kran was a regional administrative centre and briefly a capital of a
short-lived break-away polity in the centre of modern-day Bulgaria. While many scholars place
it in the ruins above the modern town of Kran in the Kazanlak Valley [3; 38; 41; 45], alternative
hypotheses abound. Minkova and Ivanov [25] locate it in Kazanlak itself; Yankov [55] points to-
ward Slavyanin or the Golyam Visok Peak; others suggest the fortress near Tazha [27; 36] (Fig.
1). Most of these claims rest heavily on a single source: the 12th-century geographer al-Idrisi.

Al-Idrisi, the court cartographer to King Roger II of Palermo, is best known for the Tabula
Rogeriana (AD 1154), one of the most sophisticated medieval geographic compendiums. In this
book, also translated as The Book of Pleasant Journeys into Faraway Lands,4 he detailed the ge-
ography of the known world, systematically recording itineraries and distances between cities.
Among these entries he described the city of Aqranus – widely assumed by modern scholars to be
Kran – as a ”magnificent city located on a high mountain” [24].5 Crucially, he provided travel
distances from Aqranus to three neighboring towns, all of which are known and still exist today.
Despite broad scholarly agreement on the identity of Aqranus as Kran, its precise location remains
unknown. The ambiguity in both the textual descriptions and spatial clues leaves one enduring
question: where exactly was Kran?
1 Nic. Chon. Hist., 3, 3.
2 Geo. Pach. Hist., 3, 26.
3 Man. Phil. Poem., 234–239.
4 Nuzhat al-mushtāq f i’khtirāq al-āfāq.
5 Idr., 6, 4.
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3 From Text to Geospatial Models
This paper translates al-Idrisi’s spatial claims into three distinct geospatial distance models. First,
we generate simple Euclidean buffers based on al-Idrisi’s marching distances. Second, we simu-
late pedestrian movement across actual terrain and convert the reported distances and travel times
into walking-time isochrones. Third, we perform an anisotropic road network analysis, modeling
pedestrian travel along a reconstructed medieval road network accounting for terrain difficulty and
direction of movement. Applying these to reach Aqranus from the three neighboring towns, as de-
scribed in the text, we triangulate the probable location of the lost town and test it against modern
scholarly propositions. Acknowledging the limitations of relying on a single historical source, we
further complement this investigation of al-Idrisi with least-cost path modeling based on two ad-
ditional sources: George Akropolites [1]6 and Niketas Choniates [6],7 who reference Kran in the
context of a failed Byzantine military campaign. Incorporating these independent lines of evidence
strengthens our analysis and mitigates the risk of source bias.

3.1 Translating al-Idrisi into GIS

Al-Idrisi measures distances using three main units: miles (sg. mīl, pl. mīlan or amyal), days of
walk (sg. yawm, pl. ayyām), and marching days (sg. marḥalah, pl. marāḥil). Typically, he ex-
presses short distances in miles and longer ones in days, although he is not entirely consistent. The
exact value of these units is debated. It is generally accepted that one mile equals approximately
1,555 meters. A day of walk is usually translated as a distance, stretching from a moderate distance
of 23–25 miles to intensive travel of 30–36 miles. A marching day originates from the travel of
caravans. It is counted not as miles, but rather as time, specifically seven to eight hours of travel.
Some translators of al-Idrisi’s work do not differentiate between marḥalah and yawm, rendering
both as distances equivalent to the ”day of walk” [32; 35]. We follow Nedkov’s [35] translation of
marḥalah into seven hours of travel because it allows us to use time in our spatial models.

According to al-Idrisi, Aqranus was six marāḥil from Istibuni (modern-day Ihtiman, Western
Bulgaria), 40 mīlan from Farui (modern-day Stara Zagora, Central Bulgaria), and four marāḥil
from Lufisa (modern-day Lovech, Northern Bulgaria) [24].8 Assuming these distances are accu-
rate, Aqranus should lie near the intersection of these travel ranges [55].

We translate the historical references into three spatial distance models. This layered approach
allows us to observe which of the three models of al-Idrisi’s distances comes the closest to the
scholarly consensus on the potential location of Kran.

3.1.1 Buffers

Buffers are the simplest form of proximity analysis, defining an abstract geometrical area within
a specified maximum distance of a given point or a line [7]. It is a well-established technique in
GIS-based archaeological and historical site catchment studies [11; 52]. It has also been used to
locate sites reported in historical texts, such as in Tzvetkova’s [48] study of the Tearos River spring
– an ancient waypoint for Darius’ army during his 512 BC campaign into Europe as described by
Herodotus. Due to the scarcity of historical reference points for the spring, Tzvetkova uses the
intersection of two buffers only, limiting the spatial precision of her results. In contrast, our analysis
is based on three control points from al-Idrisi’s text, enabling a more constrained triangulation of
Aqranus’ potential location.

In our analysis, we adopt Nedkov’s [35] interpretation for onemile of al-Idrisi as corresponding
to approximately 1,555 meters and one marḥalah covering about seven to eight hours of travel.
6 Akrop. 11.
7 Nic. Chon. Hist., 3
8 Idr., 6, 4.
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To model movement, we use Murrieta-Flores’ [34] average speed of 4.9 km per hour for 20–60
year old men carrying nothing on his back. Applying these conversions, we derive the following
modern equivalents:

• 6 marāḥil from Istibuni (Ihtiman) = 6 × 7 hours × 4.9 km/h ≈ 205.8 km

• 4 marāḥil from Lufisa (Lovech) = 4 × 7 hours × 4.9 km/h ≈ 137.2 km

• 40 mīlan from Farui (Stara Zagora) = 40 miles × 1,555 km per mile ≈ 62.2 km

Using these cumulative distances, we generate simple Euclidean buffer zones around each of
the three cities mentioned by al-Idrisi. The area where these buffers intersect marks one possible
location of Kran.

This approach, however, assumes straight-line (”as-the-crow-flies”) travel across uniform ter-
rain – a major simplification of the topographic reality and historical mobility which likely ex-
aggerates the area accessible from the three starting points. As such, buffer-based triangulation
serves as a useful baseline but must be supplemented with models that better reflect real-world
movement and travelling conditions.

3.1.2 Walking Isochrones

In order to account for the friction of traversing the mountainous terrain in central Bulgaria, we
calculate the cost of travel between the neighboring towns next [7; 51]. We use the movecost
package [2] and a terrain model to generate walking isochrones around each of the three cities.
Walking isochrones encompass all locations that can be reached within a specific amount of walk-
ing time, accounting for factors like slope, barriers and direction to estimate the realistic extent
of movement over a landscape. The cost is anisotropic, which means that walking from origin to
destination and back along the same path is not reciprocal, but incurs different costs depending on
terrain. The effect of slope on walking is estimated by the Tobler’s [46] hiking function, a popular
formula in archaeological studies. This function adjusts for slope, assuming faster speeds downhill
and slower speeds uphill due to higher energetic costs, and is well suited for pre-modern movement
modeling [22; 23; 51].

This analysis requires a digital model of elevation (DEM) to account for topography. We use
the 25 m resolution EU-DEM v1.1 dataset from the European Environmental Agency [9]. Since
movecost calculates costs in time, we first convert al-Idrisi’s reported distances into estimated
walking times. Al-Idrisi refers to ‘march’, which we interpret as seven hours of walk at the speed
of 4.9 km per hour [34]. The following inputs represent the maximum time spent in marching to
Aqranus from each of the three cities:

• 6 marāḥil from Istibuni (Ihtiman) = 6 × 7 h ≈ 42 walking hours

• 4 marāḥil from Lufisa (Lovech) = 4 × 7 h ≈ 28 walking hours

• 40 mīlan from Farui (Stara Zagora) = 62.2 km ÷ 4.9 km/h ≈ 12.6 walking hours

These values are used to generate walking-time isochrones around each reference city, with the
boundary representing maximum reachable distance.

While this method provides a more realistic travel surface than terrain-agnostic buffers, it still
assumes that people traveled freely across the landscape. In reality, natural barriers, social and
cognitive factors, and existing roads heavily influenced route selection [34]. To address this, we
incorporate road network analysis in the following section.
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3.1.3 Anisotropic Road Network Distance

To move beyond slope as the major determinant of movement [51], we incorporated a network-
based cost-distance analysis. With this method we model people moving along an actual trans-
portation network rather than along straight lines between origin and destination. This approach
more accurately reflects historical reality and cognitive tendencies, such as favoring existing paths
and minimizing physical effort [30]. To implement this, we combined a reconstructed historical
road network with slope-derived travel costs (derived from DEM) and applied Tobler’s [46] hiking
algorithm to estimate walking time along each segment.

Because no digitizedmedieval road data exist for the region, we vectorized the Eastern Balkan’s
road network based on Wendel’s [54] historical reconstruction. We enriched this network with
slope values extracted from the 25 m resolution EU-DEM [9] and applied Tobler’s formula to
estimate traversal time for each edge. Using this enhanced cost network and the sfnetworks
package [49] we then calculated how far one could travel from each of the three origin points
within the timeframes derived from al-Idrisi’s description:

• 6 marāḥil from Istibuni (Ihtiman) = 6 × 7 h ≈ 42 walking hours

• 4 marāḥil from Lufisa (Lovech) = 4 × 7 h ≈ 28 walking hours

• 40 mīlan from Farui (Stara Zagora) = 62.2 km ÷ 4.9 km/h ≈ 12.6 walking hours

The resulting three network extents should represent the best (most historically accurate) ap-
proximations of al-Idrisi’s reported timeframes.

Figure 1: The simplest model: al-Idrisi’s distances from Lufisa, Istibuni and Farui represented as
buffers.
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3.2 Other Historians and the Medieval Kran

One hardly needs to be a historian to recognize the risks of relying on a single source, which
can introduce significant bias. Fortunately, in this case, we are not limited to al-Idrisi alone. We
incorporate additional historical sources to evaluate and cross-check the results produced by the al-
Idrisi-informed spatial models. Specifically, we draw on the accounts of the historians Akropolites
and Choniates, both of whom wrote within a century of al-Idrisi. By identifying their references
to Kran with Aqranus and translating them into spatial terms, we apply a simple yet powerful
analytical method – least-cost path (LCP) analysis – to further refine our understanding of where
Kran, and thus Aqranus, may have been located.

Both George Akropolites [1]9 and Niketas Choniates [6]10 recount the near escape of Emperor
Isaac II Angelos from Bulgaria in AD 1190, offering spatial clues to the location of Aqranus.
Akropolites notes that Emperor Isaac was laying siege to tsar Asen at Strinabos, north of the Stara
Planina mountains, before he was forced to retreat south. Choniates adds that the emperor passed
through Kran during his flight, explicitly stating that the emperor took the shortest route out of
Bulgaria and headed directly for the Byzantine city of Beroe.

Most scholars identify Strinaboswith Trinobos, the modern day city of Veliko Tarnovo, former
capital of medieval Bulgaria from the late 11th to the 14th century [3]. An alternative hypothesis
places Strinabos in the village of Tsareva Livada,11 approximately 22 km southwest of Veliko
Tarnovo in the Gabrovo region [3]. Byzantine Beroe is al-Idrisi’s Farui, known today as Stara
Zagora.

3.2.1 Least-Cost Path versus the Shortest Historical Road to Kran

Following Niketas Choniates’ account that Kran lay on the shortest route between Strinabos and
Beroe, we calculated two types of LCP between the origin and destination, testing two proposed
locations for Strinabos – Veliko Tarnovo and Tsareva Livada. The first LCP used a terrain-based
model, applying Tobler’s [46] hiking function over a digital elevationmodel to simulate themost ef-
ficient walking route across the landscape. As an alternative, we constructed a network-based LCP
using Wendel’s [54] digitized reconstruction of the medieval road system, implemented through
ArcGIS’s Road Network Analysis tool. This allowed us to model the optimal path a traveler might
have taken along known historic routes rather than across open terrain.

4 Results
If al-Idrisi’s statements are accurate, Aqranus should lie at the intersection of at least one of the
three distance models. The simplest method of circular buffers offers us the peak at the maximiz-
ing model. Buffer distances ignore terrain and slope and their boundary thereby represents the
maximum potential distance reached by a troupe of travelers. Figure 1 shows the three buffers
originating from the reference cities mentioned in al-Idrisi vis-a-vis the five currently proposed
candidates for Kran. The buffer intersection lies far to the east, so much so that it misses the
Kazanlak Valley and excludes all of the Kran candidates.

Figure 2 shows the temporal model, which improves upon the buffers by acknowledging terrain
and accounting for the cost of crossing it. The isochrone boundaries show how far a traveler might
get walking in a direct line from the point of origin for a set amount of time within the mountainous
9 [Akrop. 11]: ”… and Asen, along with the army under his command, entered the small town called Strinabos.”
10 [Nic. Chon. Hist., 3]: ”…Therefore, he did not intend to retreat by the same route through which he had entered,
but rather to take a shorter one by cutting through the mountains and, making his way down, reach Beroe through the
passes leading there… …And the emperor, through the place called Krenou, headed towards Beroe…”
11 The name can be translated as Tsar’s (King’s) Meadows which is one of the arguments of Avramov to place Strinabos
at this place [3].
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Figure 2: The cost-model: al-Idrisi’s distances from Lufisa, Istibuni and Farui represented as
isochrones bounding the territory walkable within specified time from each reference city.

region. The reach of the isochrones is noticeably shorter than of the buffers and the area of overlap
thus shifts westward, approaching the Kazanlak Valley.

The model depicted in Figures 3 and 4 shows spatial realism by incorporating terrain and route-
based movement. The reconstructed medieval road network is shown in light grey (Fig. 3). The
colored segments indicate the extent reachable from each reference city within the time indicated
by al-Idrisi. In this final model, the roads leading from each of the three cities do overlap and
intersect within the Kazanlak Valley. The overlap whose extent can be traced by following the
tri-color lines in the close-up Figure 4 reaches from the Dabovo Pass in the east to Slavyanin in
the west, encompassing three of the proposed candidates: Kazanlak, Slavyanin, and Kran.

The LCP analyses intended as validating evidence on the basis of additional Byzantine sources
for Kran offer little help with the existing candidates, but instead force us to open up the pool
for additional alternatives. Specifically, the lines indicated in blue in Figure 5 represent routes
calculated from the slope-based LCP while the yellow lines indicate those calculated from the
medieval-network-based LCP. Regardless of the starting point at Veliko Tarnovo or Tsareva Livada,
both routes pass through the eastern part of the Kazanlak Valley, taking the Dabovo Pass across the
Stara Planina Mountain. None of these computer-generated paths comes near any of the currently
proposed candidate sites for Kran.

5 Discussion
The results demonstrate the persistent difficulty of geocoding historical places even where nu-
merous historical sources are available and where spatial clues can be operationalized using in-
creasingly realistic models. Computational reconstructions, no matter how advanced, cannot fully
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Figure 3: Al-Idrisi’s distances from Lufisa (orange), Istibuni (green) and Farui (red) represented
as road network extent walkable from each reference city within specified time. The numbered
Aqranus candidates represent 1) Tazha, 2) Golyam Visok, 3) Slavyanin, 4) Kran, 5) Kazanlak and
the new one: 6) Maglizh

compensate for missing contextual information, historical inaccuracy, and interpretive limitations.
Other factors may be at play, such as the low resolution of the terrain model used, which smooths
the landscape and extends the distances reached. Similarly, long-distance journeys may need to be
counted with slower average speed (potentially affecting Lufisa and Istibuni), and the calculations
might need to respect the limitations of caravans and porters to specific slopes, all of which remain
hard to quantify.

In our case, we can dismiss the two simplest models that locate Aqranus farther east than
anticipated by the prevailing historical and archaeological interpretations. We instead focus on the
most spatially realistic model and rank its three finalists on the basis of linguistic clues. The fortress
above the town of Kran comes closest to being ‘on a magnificent mountain’, being perched up 100
m high on a steep slope of the Stara Planina offering a commanding view of the Kazanlak valley
below. In contrast, the city of Kazanlak lies on the valley floor. Although the valley is encircled
by two mountain ranges, interpreting al-Idrisi’s phrase as referring to Kazanlak would require a
considerable metonymic stretch. The Slavyanin site is located on a southern slope of the Sredna
Gora mountain. Although its location is less magnificent than that of Kran, it nonetheless fits the
description, making Slavyanin a plausible but less probable candidate.

5.1 A Data-Driven Reconsideration: Maglizh and the Dabovo Pass

The LCP results complicate the ranking of winners from the road network model. While least-cost
path analysis is often criticized as being theoretically optimal but practically flawed, we cannot
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Figure 4: The close-up of Kazanlak Valley and the intersection of the anisotropic road network
from the three reference cities.

dismiss the patterns it reveals outright. Both terrain-based and road network LCPs from Stara
Zagora toward Veliko Tarnovo and Tsareva Livada converge at the Dabovo Pass. Although these
algorithmic paths do not intersect with any of the currently proposed candidate sites, they highlight
an area with considerable historical and topographic plausibility.

The Dabovo Pass is flanked by steep mountain shields and lies near Maglizh, a site already
known for itsmedieval remains. TheArchaeologicalMap of Bulgaria12 [14; 29] listsmultiple 12th-
century fortresses in this area, many of them perched high in the mountains, matching al-Idrisi’s
description. Yet this region has been largely excluded from scholarly consideration, primarily
because it is traditionally associated with another medieval toponym: Moglidzion, presumed to be
Maglizh [41].

The LCP’s eastern routing, combined with the archaeological presence and topographic match,
suggests that Maglizh and the Dabovo Pass warrant renewed scrutiny. Rather than disqualify the
area due to historical name assumptions, we argue that it should be revisited as a possible location
for al-Idrisi’s Aqranus.

5.2 Refining the Models: Distance, Error, and Interpretation

The second key consideration in assessing our models lies in minimizing error. Among al-Idrisi’s
three spatial references, the distance to Farui – expressed as 40 mīlan, or 62.2 km – is the shortest
and the only one given in miles. Following Occam’s razor, it is likely the most reliable. Distances
from Istibuni and Lufisa, reported in marching days (marāḥil), are long-distance and more prone
12 The Bulgarian national archaeological gazetteer of sites, AKB (standing for ”Arheologicheska karta na Bulgaria”),
contains a complete record of all archaeological findings in Bulgaria since the 1970s to 2025.
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Figure 5: The results from the network-based and terrain-based least-cost path (LCP) analysis
combined with the road network analysis as a comparison.

to variation due to terrain, weather, and the unpredictable pace of medieval travel.
Using the Farui distance as a baseline, we can compare how closely each candidate site aligns

with this reference. Maglizh lies just 24 km from Stara Zagora via the road network, and Dabovo
Pass about 30 km – both considerably shorter than al-Idrisi’s stated distance. The fortress of Kran,
situated above the modern town, lies approximately 42 km away. It is still short, but comes closer
to al-Idrisi’s 62.2 km than either of the previous candidates. Kran fortress also sits directly at the
end of a branch of the reconstructed Farui road network (Figure 4).

Those concerned about the distance mismatch among the finalists should consider two addi-
tional caveats. Calculated distances are highly sensitive to model inputs, both in terms of landscape
and textual interpretation. First, the resolution of the digital elevation model (DEM) plays a sig-
nificant role. Our initial simulations used a 25 m DEM; when we repeated the anisotropic road
network analysis with a coarser 30 m DEM, the modeled paths extended noticeably deeper into
the mountain terrain.13 This demonstrates how lower-resolution terrain data – by smoothing steep
gradients – can exaggerate travel reach. It also suggests that al-Idrisi’s 40-mile journey from Farui
likely covered less actual distance across rugged terrain than our models imply. This increases the
probability of candidates like Kran or Dabovo Pass, even if they appear ”short” of the modeled
target in strictly quantitative terms.

Second, we must account for uncertainty in al-Idrisi’s distance metrics themselves. He alter-
nates between miles (sg. mīl, pl. mīlan or amyal), days (sg. yawm, pl. ayyām) and marching days
(sg. marḥalah, pl. marāḥil), using them inconsistently and with context-dependent meaning. For
instance, the distance to Farui is given in mīlan while the distances to Istibuni and Lufisa are ex-
13 Both DEMs are provided with the associated scripts in GitHub.
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pressed in marāḥil. These may represent a seven to eight hour walk on flat terrain, but only five to
six hours walk in mountainous regions like the Stara Planina. Following Nedkov [35] we interpret
marḥalah as a seven hour march and a mile as 1,555 meters. These are conservative estimates
appropriate for Bulgaria’s topography and our DEM resolution. Maqbul [32], however, suggests
longer measures: 25–30 miles per marḥalah and 1,882 meters per mile. While we favor Nedkov’s
context-sensitive approach here, Maqbul’s longer distances warrant future testing, particularly in
high-resolution or probabilistic models.

All these issues echo longstanding critiques of deterministic spatial modeling. Terrain-based
and road network models remain vulnerable to overgeneralization. As Verhagen et al. [50; 51]
argue, probabilistic or agent-based approaches offer more realistic alternatives, incorporating un-
certainty, social decision-making, and deviation from topographic logic. LCPs, while useful, often
propose theoretically optimal paths that diverge from historically attested routes. Herzog [20; 21]
emphasizes the need to integrate cultural and infrastructural factors into spatial inference. Simi-
larly, Seifried and Gardner’s [44] show how travel accounts in historical Mani frequently deviate
from algorithmically computed paths – even when both rely on the same network of mountain
routes.

Our findings support these critiques: bothKran and Slavyanin, the finalists of network analysis,
are short of the target Farui distance. The LCPs, regardless of starting point, converging on the
Dabovo Pass, an alternative location that modern scholarship has largely overlooked.

In the end, our analysis has perhaps raised more questions than answers. Al-Idrisi’s work re-
mains invaluable for framing historical geography, but the precision of his referential distances
falters at the scale of individual site identification. Whether it is al-Idrisi’s measures that are too
fuzzy or our interpretations and models that are too coarse, the exercise has underscored the com-
plexity of historical spatial inference and the need for probabilistic modeling. Even powerful tools
are not immune to the ambiguities of the past.

6 Conclusion
This study set out to geolocate al-Idrisi’s Aqranus. We tested five potential candidates by trans-
lating al-Idrisi’s distance references into three progressively complex spatial models: buffers,
isochrones, and road networks. We also incorporated independent evidence from Byzantine histo-
rians Akropolites and Choniates to assess how their descriptions align with existing candidates for
Aqranus/Kran.

Our findings underscore the persistent difficulty of geocoding historical toponyms even when
multiple spatial clues and textual sources are available. Although more realistic models (especially
those incorporating terrain and road networks) bring us closer to the Kazanlak Valley and include
established candidates like Kran and Slavyanin, the least-cost path results based on independent
textual sources challenge these assumptions and highlight new contenders like Dabovo Pass and
Maglizh. These results, rather than resolving the problem, expand the range of plausible locations
and call into question the reliability of deterministic spatial models.

Ultimately, this case study demonstrates the importance of probabilistic reasoning in historical
geography. Rather than dismissing sources like al-Idrisi as too vague, we should develop tools –
especially in geoAI and geoparsing – that embrace historical uncertainty. Spatial models can and
should complement linguistic ones, anchoring historical toponyms in both text and terrain. The
goal is not to find a single ”correct” location, but to explore a range of possible landscapes that
reflect both the ambiguity of the past and the complexity of interpreting it.

820



Acknowledgements
This paper is based on the presentation given by Angel Bogdanov Grigorov in CAA 2025 in Athens
called ”Mapping the Lost City: Using Historical Texts and GIS to Rediscover Aqranus”

References
[1] Akropolites, George. Georgii Akropolitae Opera, ed. by August Augustus Heisenberg.

Vol. 1. Bibliotheca Scriptorum Graecorum et Romanorum Teubneriana. Critical edition of
the text; Latin introduction and apparatus. Leipzig: B.G. Teubner, 1903.

[2] Alberti, Gianmarco. “Movecost (R package) vignette”. Tech. rep. Mar. 2023. URL: https:
/ / www . researchgate . net / publication / 354054431 _ movecost _ R _ package _
vignette (visited on 06/25/2025).

[3] Avramov, Vasil. Voinata na Bulgaria s Vizantiya v 1190 g. i pogromat na imperatora Isak
Angel pri gr. Tryavna. Sofia: Pechatnitsa na Armeiskia voenno-izdatelski fond, 1929.

[4] Barker, Elton, Simon, Rainer, Isaksen, Leif, and Soto Cañamares, Pau de. “The Pleiades
Gazetteer and the Pelagios Project”. In: Placing Names: Enriching and Integrating
Gazetteers, ed. by Merrick Lex Berman, Ruth Mostern, and Humphrey Southall. Bloom-
ington: Indiana University Press, 2016, pp. 97–109. URL: https://oro.open.ac.uk/
48328/.

[5] Chiang, Yao-Yi, Duan, Weiwei, Leyk, Stefan, Uhl, Johannes, and Knoblock, Craig. “Cre-
ating Structured, Linked Geographic Data from Historical Maps: Challenges and Trends”.
In: In Using Historical Maps in Scientific Studies: Applications, Challenges, and Best Prac-
tices, ed. by Yao-Yi Chiang,Weiwei Duan, Stefan Leyk, Johannes Uhl, and Craig Knoblock.
SpringerBriefs in Geography. Cham: Springer International Publishing, 2020, pp. 37–63.
DOI: 10.1007/978-3-319-66908-3.

[6] Choniates, Nicetas. Historia, ed. by Immanuel Bekker. Corpus Scriptorum Historiae
Byzantinae. Bonn: Weber, 1835.

[7] Conolly, James and Lake, Mark. Geographical Information Systems in Archaeology. Cam-
bridge Manuals in Archaeology. Cambridge University Press, 2006.

[8] Depauw, Mark, Santis, Annamaria de, and Rossi, Irene. “Trismegistos: Optimizing Interop-
erability for Texts from the Ancient World”. In:Crossing Experiences in Digital Epigraphy:
From Practice to Discipline. Warsaw: De Gruyter, 2018, pp. 193–201. DOI: 10.1515/
9783110607208-016.

[9] European Environment Agency. “Copernicus 25 m resolution Digital Elevation Model
(DEM)”. Dataset discontinued / no longer maintained on the Copernicus website. 2022.
URL: https : / / land . copernicus . eu / imagery - in - situ / eu - dem. (visited on
06/25/2022).

[10] Fernando, Melo andMartins, Bruno. “Automated Geocoding of Textual Documents: A Sur-
vey of Current Approaches”. In: Transactions in GIS: TG 21, no. 1 (2017), pp. 3–38. DOI:
10.1111/tgis.12212.

[11] Gaffney, Vince and Stančič, Zoran. GIS Approaches to Regional Analysis: A Case Study
of the Island of Hvar. Note: Distributed by David Brown Book Co. Ljubljana: Znanstveni
institut Filozofske fakultete, University of Ljubljana, 1991.

[12] Gengchen, Mai et al. “On the Opportunities and Challenges of Foundation Models for
GeoAI (Vision Paper)”. In: ACM Transactions on Spatial Algorithms and Systems 10, no. 2
(2024), pp. 1–46. DOI: 10.1145/3653070.

821

https://www.researchgate.net/publication/354054431_movecost_R_package_vignette
https://www.researchgate.net/publication/354054431_movecost_R_package_vignette
https://www.researchgate.net/publication/354054431_movecost_R_package_vignette
https://oro.open.ac.uk/48328/
https://oro.open.ac.uk/48328/
https://doi.org/10.1007/978-3-319-66908-3
https://doi.org/10.1515/9783110607208-016
https://doi.org/10.1515/9783110607208-016
https://land.copernicus.eu/imagery-in-situ/eu-dem.
https://doi.org/10.1111/tgis.12212
https://doi.org/10.1145/3653070


[13] “GeoNames”. Used as a gazetteer for place name resolution; licensed under CC BY 4.0.
URL: https://www.geonames.org (visited on 07/10/2025).

[14] “GIS AMB”. Database. 2025. URL: https://akb.naim.bg/en/.
[15] Gkadolou, Eleni and Prastacos, Poulicos. “Historical Cartographic Information for Cul-

tural Heritage Applications in a Semantic Framework”. In:Cartographica The International
Journal for Geographic Information and Geovisualization 56, no. 4 (2021), pp. 255–266.
DOI: 10.3138/cart-2021-0002.

[16] Goldberg, Daniel, Wilson, John, and Knoblock, Craig. “From Text to Geographic Coor-
dinates: The Current State of Geocoding”. In: Urisa Journal 19 (2007), pp. 33–46. URL:
https://api.semanticscholar.org/CorpusID:5517082.

[17] Gregory, Ian, Donaldson, Christopher, Murrieta-Flores, Patricia, and Rayson, Paul. “Geop-
arsing, GIS, and Textual Analysis: Current Developments in Spatial Humanities Research”.
In: International Journal of Humanities and Arts Computing 9, no. 1 (2015), pp. 1–14. DOI:
10.3366/ijhac.2015.0135.

[18] Ian Gregory and Alistair Geddes, edited by. Toward Spatial Humanities: Historical GIS
and Spatial History. The Spatial Humanities. Bloomington: Indiana University Press, 2014.
URL: https://www.jstor.org/stable/j.ctt16gz7s5.

[19] Gritta, Milan, Pilehvar, Mohammad Taher, Limsopatham, Nut, and Collier, Nigel. “What’s
Missing inGeographical Parsing?” In: Language Resources and Evaluation 52, no. 2 (2018),
pp. 603–623. DOI: 10.1007/s10579-017-9385-8.

[20] Herzog, Irmela. “Dispersal Versus Optimal Path Calculation”. In: CAA2015. Keep The
Revolution Going: Proceedings of the 43rd Annual Conference on Computer Applications
and Quantitative Methods in Archaeology, ed. by Stefano Campana, Roberto Scopigno,
Gabriella Carpentiero, and Marianna Cirillo. Oxford: Archaeopress, 2016, pp. 567–578.
DOI: 10.2307/jj.15135955.67.

[21] Herzog, Irmela. “Least-cost Paths – SomeMethodological Issues”. In: Internet Archaeology
36 (2014). DOI: 10.11141/ia.36.5.

[22] Herzog, Irmela. “The Potential and Limits of Optimal Path Analysis”. In: Computational
Approaches to Archaeological Spaces, ed. by Andrew Bevan and Mark Lake. Publications
of the Institute of Archaeology, University College London. New York: Left Coast Press,
2013, pp. 179–211.

[23] Herzog, Irmela. “Theory and Practice of Cost Functions”. In: Fusion of Cultures. Proceed-
ings of the 38th Annual Conference on Computer Applications and Quantitative Methods
in Archaeology, Granada, Spain, April 2010, ed. by Mercedes Farjas, Mercedes Farjas,
and Francisco Javier Melero. BAR International Series 2494. Oxford: Archaeopress, 2013,
pp. 375–382.

[24] Idrisi.Bulgaria i susednite i zemi prez XII v. spored Idrisi, ed. by Boris Nedkov. Sofia: Nauka
i izkustvo, 1960.

[25] Ivanov, Ivan andMinkova,Marina. “Za proizkhoda na imeto na Kazanlak i mestopolozheni-
eto na srednovekovniya Kran”. In: Problemi i izsledvaniya na trakiy̆skata kultura 6 (2013).
Place: Kazanlak, pp. 173–184.

[26] Jacques, Fize, Moncla, Ludvic, and Martins, Bruno. “Deep Learning for Toponym Reso-
lution: Geocoding Based on Pairs of Toponyms”. In: ISPRS International Journal of Geo-
Information 10, no. 12 (2021), p. 818. DOI: 10.3390/ijgi10120818.

822

https://www.geonames.org
https://akb.naim.bg/en/
https://doi.org/10.3138/cart-2021-0002
https://api.semanticscholar.org/CorpusID:5517082
https://doi.org/10.3366/ijhac.2015.0135
https://www.jstor.org/stable/j.ctt16gz7s5
https://doi.org/10.1007/s10579-017-9385-8
https://doi.org/10.2307/jj.15135955.67
https://doi.org/10.11141/ia.36.5
https://doi.org/10.3390/ijgi10120818


[27] Jireček, Constantin. Patuvania po Bulgaria, ed. by Evlogi Bozharski and Velizar Velkov.
Trans. by Stoian Argirov. Sofia: Nauka i izkustvo, 1974.

[28] Karimzadeh, Morteza, Pezanowski, Scott, MacEachren, Alan, and Wallgrün, Jan Oliver.
“GeoTxt: A scalable geoparsing system for unstructured text geolocation”. In: Transactions
in GIS: TG 23, no. 1 (2019), pp. 118–136. DOI: 10.1111/tgis.12510.

[29] Kecheva, Nadezhda. “Archaeоlogical Map of Bulgaria – Transport and Pipeline Infrastruc-
ture Projects”. In: Internet Archaeology 51 (2019). DOI: 10.11141/ia.51.2.

[30] Llobera, Marcos and Sluckin, Tim. “Zigzagging: Theoretical Insights on Climbing Strate-
gies”. In: Journal of Theoretical Biology 249 (2007), pp. 206–217. DOI: 10.1016/j.
jtbi.2007.07.020.

[31] Ma, Jilian, Sefer, Akın, and Kabadayı, Erdem. “Geolocating Ottoman Settlements: The Use
of Historical Maps for Digital Humanities”. In: Proceedings of the International Carto-
graphic Association 3 (2021), pp. 1–8. DOI: 10.5194/ica-proc-3-10-2021.

[32] Maqbul, Ahmad. “Cartography of al-Sharīf al-Idrīsī”. In: Cartography in the Traditional
Islamic and South Asian Societies, ed. by Brian Harley and David Woodward. Vol. 2. The
History of Cartography 1. Chicago: University of Chicago Press, 1992, pp. 156–174. ISBN:
978-0-226-31635-2. URL: https://press.uchicago.edu/books/hoc/HOC_V2_B1/
Volume2_Book1.html (visited on 06/25/2025).

[33] Franz Miklosich, edited by.Monumenta Serbica spectantia historiam Serbiae, Bosnae, Ra-
gusii. Vol. VII. Vienna: Typis et Sumptibus C. Geroldi Fii, 1858.

[34] Murrieta-Flores, Patricia. “Travelling in a Prehistoric Landscape: Exploring the Influences
That Shaped Human Movement”. In: Making History Interactive. Computer Applications
and Quantitative Methods in Archaeology (CAA), ed. by Bernard Fisher, Jane Crawford,
and David Koller. BAR International. Oxford: Archaeopress, 2010, pp. 249–267. DOI: 10.
15496/PUBLIKATION-3314.

[35] Nedkov, Boris. “Vavedenie”. In: Bulgaria i susednite i zemi prez XII v. spored Idrisi, ed. by
Boris Nedkov. Sofia: Nauka i izkustvo, 1960, pp. 9–29.

[36] Nikov, Petar. “Iz istoria na podbalkanskata oblast”. In: Rodina (1938), pp. 24–43.

[37] “OldMaps Online”. 2025. URL: https : / / www . oldmapsonline . org (visited on
07/10/2025).

[38] Ovcharov, Todor. “Krepostta ”Kaleto” pri s. Kran, Starozagorski okrag”. In: Archaeology
20, no. 3 (1978), pp. 40–47.

[39] Pachymeres, Georgius. Relationes Historicae, ed. by Albert Failler. Corpus Fontium Histo-
riae Byzantinae. Vol. I: Libri I–III; Vol. II: Libri IV–VI. Paris: Éditions du CNRS, 1984.

[40] Philes, Manuel. “Poems”. In: Gratski izvori za bulgarskata istoria, ed. by Michail Voinov,
Vasilka Tapkova-Zaimova, and Liubomir Yonchev. Vol. V. Sofia: Bulgarian Academy of
Science, 1980, pp. 139–148.

[41] Popov, Atanas. Kreposti i ukrepitelni saorazheniya v Kranskata srednovekovna oblast.
Sofia: Bulgarian Academy of Science, 1982.

[42] Rainer, Simon, Barker, Elton, Isaksen, Leif, and Soto Cañamares, Pau de. “Linking early
geospatial documents, one place at a time: annotation of geographic documents with Recog-
ito”. In: e-Perimetron 10, no. 2 (2015), pp. 49–59. URL: http://www.e-perimetron.
org/Vol_10_2/Simon_et_al.pdf.

[43] Schliemann, Heinrich. Ilios. The City and Country of the Trojans. New York: Harper &
Brothers, 1881. URL: https://archive.org/details/ilioscityandcou02schlgoog/.

823

https://doi.org/10.1111/tgis.12510
https://doi.org/10.11141/ia.51.2
https://doi.org/10.1016/j.jtbi.2007.07.020
https://doi.org/10.1016/j.jtbi.2007.07.020
https://doi.org/10.5194/ica-proc-3-10-2021
https://press.uchicago.edu/books/hoc/HOC_V2_B1/Volume2_Book1.html
https://press.uchicago.edu/books/hoc/HOC_V2_B1/Volume2_Book1.html
https://doi.org/10.15496/PUBLIKATION-3314
https://doi.org/10.15496/PUBLIKATION-3314
https://www.oldmapsonline.org
http://www.e-perimetron.org/Vol_10_2/Simon_et_al.pdf
http://www.e-perimetron.org/Vol_10_2/Simon_et_al.pdf
https://archive.org/details/ilioscityandcou02schlgoog/


[44] Seifried, Rebecca and Gardner, Chelsea. “Reconstructing historical journeys with least-cost
analysis: ColonelWilliam Leake in theMani Peninsula, Greece”. In: Journal of Archaeolog-
ical Science: Reports 24 (2019), pp. 391–411. DOI: 10.1016/j.jasrep.2019.01.014.

[45] Skorpil, Vladislav and Skorpil, Karel. Nyakoi belezhki varkhu arkheologicheskite i istorich-
eskite izsledvaniya v Trakiya. Plovdiv: Oblastna petchatnitsa, 1885.

[46] Tobler, Waldo. “Three Presentations on Geographical Analysis and Modeling: 1) Non-
Isotropic Modeling, 2) Speculations on the Geometry of Geography, 3) Global Spatial
Analysis”. Tech. rep. 93-1. University of California, Santa Barbara: National Center for
Geographic Information and Analysis, 1993.

[47] Traill, David. “Schliemann’s ‘Dream of Troy’: The Making of a Legend”. In: The Classical
Journal 81, no. 1 (1985), pp. 13–24. URL: https://www.jstor.org/stable/3296754?
seq=9.

[48] Tzvetkova, Julia. GIS i trakologiyata. Prilozheniya na geografskite informatsionni sistemi
v izsledvaniyata na trakiyskata istoriya. Sofia, 2018.

[49] Van der Meert, Lucas, Abad, Lorena, Gilardi, Andrea, and Lovelace, Robin. “sfnetworks:
Tidy Geospatial Networks”. Maintainer: Lucas van der Meer <luukvandermeer at live.nl>.
Dec. 2024. URL: https://CRAN.R-project.org/package=sfnetworks.

[50] Verhagen, Philip. “On the Road to Nowhere? Least Cost Paths, Accessibility and the Predic-
tiveModelling Perspective”. In: Fusion of Cultures. Proceedings of the 38th Annual Confer-
ence on Computer Applications and Quantitative Methods in Archaeology, Granada, Spain,
April 2010, ed. by Francisco Contreras, Mercedes Farjas, and Francisco Javier Melero. BAR
International Series 2494. Oxford: British Archaeological Reports, 2013, pp. 383–389.

[51] Verhagen, Philip, Nuningen, Laure, and Groenhuijzen, Mark Raymon. “Modelling of Path-
ways and Movement Networks in Archaeology: An Overview of Current Approaches”. In:
Finding the Limits of the Limes. Modelling Demography, Economy and Transport on the
Edge of the Roman Empire, ed. by Philip Verhagen, Jamie Joyce, and Mark Groenhuijzen.
Computational Social Sciences. Amsterdam: Springer, 2019, pp. 217–249. DOI: 10.1007/
978-3-030-04576-0_11.

[52] Vita-Finzi, Claudio and Higgs, Eric. “Prehistoric economy in the Mount Carmel area of
Palestine: site catchment analysis”. In: Proceedings of the Prehistoric Society 36 (1970),
pp. 1–37. DOI: 10.1017/S0079497X00013074.

[53] Wallgrün, Jan Oliver, Karimzadeh, Morteza, MacEachren, Alan, and Pezanowski, Scott.
“GeoCorpora: Building a Corpus to Test and Train Microblog Geoparsers”. In: Geograph-
ical Information Systems 32, no. 1 (2018), pp. 1–29. DOI: 10.1080/13658816.2017.
1368523.

[54] Wendel, Michael.Die Verkehrsanbindung in frühbyzantinischer Zeit 4.-8. Jh. n. Chr. - Kara-
sura III. Vol. III. ZAKS Schriften 6. Langenweißbach: Beier & Beran, 2005. ISBN: 978-3-
937517-17-9.

[55] Yankov, Dimitar. “Mestonakhozhdenieto na srednovekovnite gradove Kran i Potuka”. In:
Kazanlak v minaloto i dnes 5 (1999). Place: Стара Загора, pp. 51–59.

[56] Yibo, Yan and Lee, Joey. “GeoReasoner: Reasoning on Geospatially Grounded Context for
Natural Language Understanding”. In: Proceedings of the 33rd ACM International Confer-
ence on Information and Knowledge Management. New York, 2024, pp. 4163–4167. DOI:
10.1145/3627673.3679934.

824

https://doi.org/10.1016/j.jasrep.2019.01.014
https://www.jstor.org/stable/3296754?seq=9
https://www.jstor.org/stable/3296754?seq=9
https://CRAN.R-project.org/package=sfnetworks
https://doi.org/10.1007/978-3-030-04576-0_11
https://doi.org/10.1007/978-3-030-04576-0_11
https://doi.org/10.1017/S0079497X00013074
https://doi.org/10.1080/13658816.2017.1368523
https://doi.org/10.1080/13658816.2017.1368523
https://doi.org/10.1145/3627673.3679934


[57] Zekun, Li, Zhou,Wenxuan, Chiang, Yao-Yi, and Chen,Muhao. “GeoLM: Empowering Lan-
guageModels for Geospatially Grounded Language Understanding”. In: arXiv (2023). DOI:
10.48550/arXiv.2310.14478.

[58] Zhang, Zeyu and Bethard, Steven. “A Survey on Geocoding: Algorithms and Datasets for
Toponym Resolution”. In: Language Resources and Evaluation 59 (2024), pp. 1–22. DOI:
10.1007/s10579-024-09730-2.

A Online Resources
Code for this paper is available via GitHub.

825

https://doi.org/10.48550/arXiv.2310.14478
https://doi.org/10.1007/s10579-024-09730-2
https://github.com/Angelaric/Aqranus

	Introduction
	Background
	From Text to Geospatial Models
	Translating al-Idrisi into GIS
	Buffers
	Walking Isochrones
	Anisotropic Road Network Distance

	Other Historians and the Medieval Kran
	Least-Cost Path versus the Shortest Historical Road to Kran


	Results
	Discussion
	A Data-Driven Reconsideration: Maglizh and the Dabovo Pass 
	Refining the Models: Distance, Error, and Interpretation 

	Conclusion
	Online Resources

