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Use of Al & English languageproofreading

The work on this book started in 2017 in Bulgarian language. In the process of the final layout
design and translation into English, the following platforms that are based on artificial intelligence were
used A Grammarly for better sentence structure and English proofreading; ChatGPT (versioof July
2023) for generating ideas on how to best structure the title and some of the subtitles; Copy.Al was

used for generating ideas in the previous versions of the book.

As mentioned in the text, today Al is almost everywhereA even the version of MSWord | am
currently using is making suggestions on how to finish sentences. Howeyérbelieve that smart and

conscious usage of Al will benefit scientific research & humanity.
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Introduction

Background andSignificanceof the Study

Geospatial data visualization has undergone a remarkable transformation in recent
years, pushing the boundaries of traditional cartographic practicescientists, researchers,
and practitioners find themselvesat an exciting juncture where cartography and data
visualization's convergencepen new frontiers of exploration and innovation. Modern
society is witnessing changes, dynamjcand innovations developing at an incredible
speed. Almost all fields of science do benefit from the advantages of information
technology. Cartography is no exception and is becoming increasingly technological,

interdisciplinary, and innovative.

In the past, cartography was primarily concerned with the art and science of
creating maps using symbols, colors, and spatial representations to communicate
geographic information. However, the advent of advanced technologies and the explosion
of complex datasets have expanded the role of cartography beyond static maps. Today,
cartographers aml data visualization experts find themselves grappling with new
challenges and opportunities as they navigate the vast and diverse realm of

contemporary data visualization.

The development of geospatial technologies contributed to the technological
advancenent of traditional cartography, and today the process of making the final
product - be it a classic paper map or another type of visualization of geospatial datais
part of a much longer and more complex process of collection, storage, processingnd
visualization of geographic data. The definition given by the International Cartographic

Association (ICA 2003) for the scienceof cartography is:

gCartography is the discipline dealing with the argratitateology of making and using
fzil, A

The strategy paper published in 2003, also sets out the stateof-the-art

understandingof some of the basic concepts related to cartography as a science:
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representing selected features or characteristics, resulting from the
creative effort of its author's execution of choices, and is designed for use
when spatial relationships are of primary retvance.
1 Cartography is the discipline dealing with the art,scienceand technology
of making and using maps.
1 Geographic Information Science (GlIScience) refers to the scientific context
of spatial information processing and management, including associdte
technology as well as commercialsocial,and environmental implications.
Information processing and management includes data analysis and

transformations, data managementnd information visualization."

The definition of cartography introduces the three main elements thatform
cartography in the XXI century A science,art, and technology. Today, it would not be
possible for cartography to exist without its scientific base, without being perceived as

one of the arts, as well as to exist without the help of technology.

By examining the theoretical foundations of both cartogr@ahy and data
visualization, we can better understand how to adapt and apply established principles to
the complexities of modern datasetsThe complex relationship between both fields has
been a research topic in various scientific publicationsvorldwide (Ajani et al. 2022;
Bobkowski & Etheridge 2023; Brewer 1997; Cecconi & Galanda 2002; Crampton, 2001,
2002; M. Dodge et al. 2008; S. Dodge & Noi 2021; Duarte et al. 2023; Dur 2014;
Franconeri et al. 2021; Friendly 2008, 2009; Harrower et al. 2000; Howard &
MacEachren 1996; losifesEmescu et al. 2010; Kersting & Ddllner 2002; Litjens et al.
2019; MacEachren et al. 1998; Maceachren & Kraak 1997; McCaffrey et al. 2005; Nass et
al. 2011; Nusrat & Kobourov 2016; Peterson 2021; Sawe et al. 2020; Srinivasan e2@il9;
Yang & Jin 2020) and also specifically in BulgarigBandrova 2005; Penev 2006; Choleev
& Savov 2010; Kastreva et al. 2016; ; Pashova & Bandrova 2017; Maligi & Penev 2019;
Nedkov et al. 2019; Sarafova 2022)

The interdisciplinary nature of contemporary data visualization is another

crucial aspectthat must be mentioned A today most of the people, making data



visualizations, are not called, or their job titles are not mentioning the words
(CartographyA h k m = K K'i Caltadoration between cartographers, data scientists,
and designers is becoming increasingly important in developing effective and impactful
visualizations.There are many emerginghybrid methodologies, combining the expertise

of multiple disciplines to tackle complex challenges and unlock new insights.

Google Trends is a powerful tool that allows users to explore the popularity and
interest of specific search terms over time. It provides valuable insights intmternet
users' changing trends and interes@nd allows seeing behavioral changds recent years,
the data from Google Trends indicates a noticeable shift in user attention related to the
terms “cartography" and "visualization". While cartography has been traditionally
associated with the art and science of mamaking, it seems to be experiencing a decline
in popularity as a search term(Fig. 11). On the other hand, the term "visualization" is
gaining increasing attention, reflecting a growing interest in the visual representation of
data and information. This shift suggests a changing preference among uséosvards
data visualization techniques for effective communication and interpretation of complex

information.
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Fig. 1.Google Trends data from 2004 to 2023 shows declination of interest over time for the

g\ Zk mh® k Zi gheblg \dk™r Zolhikg ** iZhgi]lne Zk b mr

gob

Y For example, @~ g i "k _hkf bg" Z | ~"Zk\a bg Dner 0.01 bg Ama”™ phk

indeed.com, the number of postingsishger 01 k"1 ne ml _hk ma”~ d”~r phk] g\ Zk mt

obl nZebsZmbhgA
2 Search performed on the Google Trends platfion at
https://trends.google.com/trends/explore?date=all&gq=%2Fm%2F02296,%2Fm%2F030mbr&hl=en.



Maps have always been and will continue to baneans of visual communication
Since ancient times, mamaking has reflected multiple cultural, social, and political
dimensions. In addition, cartographic products arénfluenced by various art styles In the
context of modern digital mapping products, online servicesand mobile applications, the
use of paper maps for orientation is severely limited. At the same time, however, the
availability of various design options and software products allovg the creation of

different styles of mapsthat serve as decoratiorA contemporary wall art.

Some of the most characteristic features of changes in society today are related to
the constant "bombardment” of information from various communication channels, the
possibility of each person playing the role of media through social networks, and the
increasingly valued quality for professionals to possess skills from a variety of spheres.
Geospatial technologiesare powerful tools, but they cannot be used to their full
potential if the user does not have knowledge of the subject matter related to the created
visualization. That is why modern cartographers and specialists in geospatial technologies

often work in interdisciplinary teams.

Technologies related to the preparation of geographic maps and visualizations are
becoming more complex and innovative over the years. Since its advent, Geographic
Information Systems (GIS) have been the leading technology related @artography for
mary years. However, over the past few decades, as part of the process of creating,
processingand visualizing geospatial datagther technologies have been added tthis list
A Remote Sensing & Earth ObservatignGlobal Navigational Satellite Systems (GNSS)
Unmanned Aerial Vehicles (UAVs), as well asthe ordinary people via the many

different crowdsourcing initiatives & mobile apps

As the boundaries of cartography are pushed towards the emerging data
visualization field we must address the responsible use of geospatial datad its diverse
ways of visualization There are significantissues of transparency, fairness, and privacy,
as well as the impacts of biase#clusivity, and social implications inherent in our visual

representations.

The integration of artificial intelligence and machine learning, the potential of

advanced analytics, and the role of spatial storytelling offer glimpses into the exciting



possibiities that lie ahead. There are emerging trends envisioning the trajectory of

cartography beyond the confines of contemporary data visualization.
Maps & data visualizations

Geographic maps are spatial models of the real world that have a certain level of
detail, scale, and coordinate system. The worthap in Slavic languages (for example in
Bulgarian, Serbian, Russian, etdd ¢ “ h § "has an ancient Greek origin- . i =~ _
(khértTs) and is literally translatedas papyrus, paper. In Latin languages, the root of the
word comes from mappécloth, piece of cloth). For this reason,we can often see map
tittes from different historical periods such as Mapemounde, Mappa Mundi (from mappa
- map, mundus- world), etc. According to Popov (2012), the word "map" has hundreds

of definitions in scientific literature.

Choleev (1996)tatesthe following definition of a geographical map:"Reduced,
mathematically determined, generalized gyictbolit image of tBth's surface on a plane,
showing the location, state connections of various natural and social phenomena, selected and shaped

in accordance witipurpose.”
According to his definition, maps have the following properties:

1  they arereduced because they have a specifscale;

1 they are mathematically determined because they have a cartographic
projection;

1 they are generalized because they depict only #hmost important, essential
objects,processespr phenomena from the real world;

1 they are symbolic because they are made by usingymbolic systemsand

legends

The ICA Commission on theoretical cartography recognizes the importance of
conceptual analysis in cartography and has explored various structural models to
describe the mapping process (ICA 2012¢artosemiotics, a field that has developed since
the mid-1990s, has both general (theoretical) and applied (usaniented) subdivisions. It

finds applications in diverse disciplines such as biology, geography, ecology, geology, and
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linguistics. Another approach defined by ICA is the map semiotic approachit allows for
the examination of map syntactic semantics, sigmatics, and pragmatics, whichhemce
the understanding of map design, meaning, and usagelt is also stated that
communication and visualization models play a significant role in cartography as

presentation forms.

According to ICA (2012), cartographic representation involves conceptual
modeling of the world and can be studied as a cognitive processlhe conception
analytical approach, linked to conceptual models and spatial data handling i@eographic
Information Systems (GIS), focuses on understanding patterns, trends, anteasures in
geospatial data.Analytical cartography utilizes spatial representations to transform
geospatial data into knowledge, and it plays a role in developing cartographic ontologies

and managing cartographic databases.

Two significant scientific propcts, aiming at the development of a finduned
structural model of geospatial technologies, cartography, data visualization, and all other
scientific and technological fields, are the GIS&T Body of Knowledge developed khe
University Consortium for Geographic Information Science®, and a similar Body of
Knowledge developed in Europe by the EO4GEO projectBody of Knowledge (BoK)
documents serve as comprehensive repositories of knowledge and best practices,
providing a foundation for professional development, education, and industry standards.
As technology continues to evolve at a rapid pace, BoK documents play a crucial role in
capturing, organizing, and disseminating essential knowledge, ensuring the growth and
advancement of IT as a field.There are BK documents for Project Management

Standardization(PMBoK), Business Analysis (BABOK and many others.

Na” OM ACM%N <h]r h_ Eghpen~]  ~Al =Zkmh’

encompasses a range of competencies pertaining to the design and utilization of maps

and mapping technology. It addresses fundamental aspects of reference and thematic

® GIS&T BoK official website:https://gistbok.ucgis.org/

* Project Management InstituteA official website- PMBoK https://www.pmi.org/pmbok -guide-
standards/foundational/pmbok

® International Institute of Business Analysis A Guide to the Business Analysis Body of Knowledge
https://www.iiba.org/career -resources/abusinessanalysisprofessionaldfoundation-for-succes/babok/

11
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map design while ado incorporating emerging areas such as interaction design, web map
]l b g* Zg] fh[benr f Zi ] 1 b g, Cml ?nkhi~zZg Z

separate element of the GIS&TA Cartography and Visualization.

EkzZzZd % | kf~rebg' CO2R/Z\MNA"mmal "mtkb[ % bman”
the subtitle of the first chapter of their book . Maps are described asmeans for visualizing
geospatial dataand one of the most significant changes that have occurred in the field is
the change of the mediumA from paper to Web. That has led to changes in some of the
types of visualizations that a user can make, but still, &suthors stateg ma~ [ Z1 b\ \ Zk mh

design rules still apply in the new interactive visualization of geospatial data foktlie mA |

Data and information visualization are closely related to information technology.
According to Bederson & Shneiderman (2003) the field of data and information
visualization has emerged from research irhumanAcomputer interaction, computer
scien ~* “kZiab\Il* oblnzZe ]7*Ib g* ilr\aheh r* Zg]
=kzZ_m h_ Cg_hkfZmbhg PblnZebszZmbhg¢ L”~"Z] bg | ;
was increasingly applied as a critical component in scientific research, digital ldes,

data mining, and many other fields of study and reaHife situations.

Map types

Geographical maps are most often classified by content, scale, tlséze of the

depicted territory, and their purpose.

According to their content, maps can be divided into generatpurpose mapsand
thematic maps Generalpurpose maps are those in which all elements of the content are
equally represented, none of them has a greater weight and does not stand out from the
others. With thematic maps, there is always one or more elements of the cartographic
image that are leading, have a greater roleand are clearly distinguishablédrom the main

ones.
By map scalemaps can bedivided into:

1. PlansA M below 1:10,000
2. LargescalemapsA from 1:10,000 to 1:200,000

12



3. Medium scalemapsA from 1:200,000 to 1:1,000,000
4. Small scalenapsA M over 1:1,000,000

The scale of each map should be consistent with its purposé&ie scope of the
territory depicted, and a number of other factors. According to the territorial scope of
the mapped area, maps of the world, maps of individual continents, maps of countries,
regions, city maps, etc. can be separatedhe purpose of the mapsis relevant to all of
their characteristics, and therefore it is very important that it is clearly defined at the
beginning of the mapmaking process. According to this indicator, we can divide the

maps into educational, tourist, nature, road maps, etc.
Paper and digitalmaps

Before compuer cartography existed, the process of creating maps was long and
complicated compared to the possibility of mh ] Zechhdlogies to create fast maps with
plenty of data sources Nowadaysmaps are much more accessible, their authors can use
a variety of software tools to work, and the users of mapping services are much more,

thanks mainly to the spread of the Internet and mobile devices.
Among the main differences between paper and digital maps ar

The concept of scale
The ability to search
The possibility of making changes

= =4 A -2

The possibility for the user to have different types of settings he/ she

could changewhile interacting with the map.

Searchingobjects on paper maps isperformed manually or using a feature list,
table, or other type of auxiliary information available on the map itself. On digital maps
that have interactive functionalities the search is most often carried out by entering a
specific word (name of a settlement, a specific address, etc.) for search indedicated
field. When the command is executed, the software through which the map was built
performs a search in the databaes and, if there is a match, displays the results of the

search to the user.

13



Changes todigital and web maps can happen without users even being aware of
them, so they can be updated at relatively frequent intervals. The scale of digital maps is
in most caes dynamic, with regular users having full control over it to view the map as
they see fit. Digital map settings are a feature that makes them very convenient to work
with. Depending on the map and its publisher, a variety of options may be available,

suchas turning layers on and off, changing thebasemapetc.
Other spatial models based orthe visualization of geospatial data

Cg mh] Z rbbtA maprhakesshnd ordinary people are users, andoften even
"producers"” of datathat is being usedfor various types of cartographic productsused on
mobile applications, virtual globes (Fig. 12.), web mapping services, portals with online
services for citizens and many others. Ordinary people who generate vast amounts of

spatial dda through their mobile devices can be added to the list of Big Data sources in

the mapmaking process.

Fig.12. Virtual globe, visualizing meteorological data, available at earth.nullschool.net

In the pursuit of communicating data & information in a clear and accessible
manner, the utilization of maps, virtual globes, infographics, and other data visualizations
offers the needed technological and scientific basiBy using maps, virtual globes,
infographics, and other data visualiations, researchers can achieve a more profound

impact on the dissemination of complex data and information. Maps play a crucial role

14



in presenting spatial data and geographic relationships, enablingsers to depict
geographical patterns, distribution, andvariations effectively. Virtual globes, on the
other hand, immerse users in threglimensional environments, allowing them to explore
geospatial data interactively and gain deeper insights into the earth's features and

phenomena.

Infographics offer combine visualization and graphic design, enablinggraphic
designers, mapmakers or researche® present statistical information, trends, and
patterns in a visually compelling and easily digestible format. By combining text, images,
and data, infographics becomea powerful tool for communicating key messages

succinctly and engagingly, enhancing understanding and recall among audiences.

The integration of artificial intelligence (Al) and machine learning (ML)
technologies in the realm of data visualization promigeexciting prospects for the future.
Al-powered algorithms can analyze large datasets swiftly and uncover hidden patterns
and correlations, enabling researchers to discover novel insights and refine their
visualizations accordingly. ML algorithms can alsadapt and optimize visualization
techniques based on user interactions, fostering personalized data exploration experiences

that cater to individual needs and preferences.

Many scientific articles, chapters and books have explored various problems, related
to the usage of data & visualization techniques for communication purpose& (Slocum et
al. 2022), (Kraak & Ormeling 2020), (Li & Li 2020), (Clarke et al. 2019), (Robinson et
al. 2017),(MacEachren & Taylor 2013),(Weber 2012) (Kraak 2011).

Cartographic Visualizationof spatial data in the Bulgarian geographical literature

The cartographic method is fundamental inGeography - it is not by chance that
the geographical map is called thélanguage of geography’s method itself is divided into
different subtypes. Cartographic methods arestandardized ways of displaying spatial

data.

The number and definition of cartographic methods in the past have been

describeddifferently by many authors. If 1® years ago maps were made only on paper,

15



then standardized methods for displaying spatial data were correspondingly much less
than today. Now we can make maps to depict objects with different levels of
transparency, clarity, resolution, etc, which was nd possible before computers were

introduced into the field of mapmaking.

In the Bulgarian literature of the past one can clearly see the differences between
the Russian and Western schools of cartography both in the classification of

cartographic methodsand in their number.

In relation to this, t he main characteristic ofthe Russian school of cartography is
the distinction between cartographic methods based on the appearance of the result. On
the contrary Ain the Western school ofcartography, basedon <~ k mb g A | ma”™ hkr
variables(Bertin 1967)the type of data (quantitative or qualitative) is taken into account
first, as well as the possibilities for their representation (by changing the shape,

dimensions, etc.).

Based on lhe aforementioned discussion, several key conclusions can be derived.
First, over the past few decades, the field of cartography has experienced a significant
paradigm shift due to the widespread adoption of advanced technologies and diverse data
sources. This transformation has elevated cartography to a central position in the
domain of geospatial data visualization. The wealth of scientific knowledge amassed
throughout the history of mapmaking serves as a fundamental basis for incorporating
functionalities into various software products that facilitate the creation of maps and

other visual representations.

Second, he acquisition of cartographic visualization skills is becoming imperative
for an expanding array of professional fields. Geographical maps andisualizations of
geospatial data are now created not only by traditional cartographers but also by
individuals in diverse occupations such asoftware developers, data scientistswunicipal
and regional administration officials, media personnel, fronend developers, mobile
application developers, database specialists, UX designers (user experience designers), Ul
designers (user interface designers), among otheffhis trend underscores the growing

intersection between cartography and contemporary software technologiegrofessions

16



related to cartography and visualization of spatial dataare becoming more and more

diverse.

Third, more and more arrays of geospatial data are beingtsred, processed,and
shared with the public, and the sources of these data are diverse organizations at local,
regional, national, and international levels. This creates prerequisites for the emergence
of new challenges for professionals working with geospatial data and their visualizatien
the knowledge of data sources and the portals from which they could be accessed,

incl.the lewel of access, licensand other aspects related to their use.

Also, the cartographic knowledge landscape in Bulgaria, particularly within the
realm of geographical science and its integration into secondary education, necessitates a
profound revitalization of its terminological framework and operational approaches.
Notably, there is a pressing need to update the terminological apparatus and
methodologies employed in the field. For instance, the current requirements outlined by
the Ministry of Education and Science, as stated in the curricula for Geography and
Economics (Ministry of Education and Science2021), continue to rely on outdated
conceptsdepicted from the Soviet cartographic ideasThese instances underscore the
urgency for a comprehensive review ad modernization of the cartographic education
system in Bulgaria, aligning it with contemporary practices and advancing the

understanding of geospatial data visualization.

Objective and research questions

The objective of this researchis to examine the boundaries of cartographic
communication within the realm of contemporary data visualization. It seeks to explore
the continuously evolving role of cartography in conveying messages effectively through
visual representations, taking into account technological advancements, theoretical
frameworks, design principles, and ethical considerations. Additionally, the study aims to
identify emerging trends and investigate the potential of cartography in pushing the

boundaries of data visualizatioras a means of impactful communication.

There are several research questions that will be addressed:
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How has the historical evolution of cartography shaped its traditional roles in the field of
data visualization, and whaj h  mh daogrdphersuse from the design principles used
in the past?

How do thematic mapping and visual variables contribute to effective cartographic
communication in data visualization, and how do they impact conveying messages to the
audience?

. What role do perception and cognition play in map design, and how does it influence
the effectiveness of data visualization in communicating information to users?

. What mapping techniques, including spatial aggregation, generalization, and the
communication of narratives, can be employed to enhance the complexity and
meaningfulness of data visualization?

. What advancements have been made in cartographic design for data visualization, and
how do these advancements contribute to the effective communication of information?

. What are the key challenges and ethical considerations in contemporary cartography,
particularly in relation to data uncertainty, biases, misrepresentations, and privacy
concerns in geospatial data visualization?

. What are the future directions and emergingtrends in cartography for data visualization,
taking into account technologies such as artificial intelligence, machine learning,
augmented reality, and virtual reality, and how can these advancements shape the future

of cartographic communication?
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Chapter 1: Evolution  Overview of Cartography and Data Visualization
Historical Overview of Cartographyand its traditional roles

Throughout history, cartography has played a significant role in the graphic
representation of space across different regions of the world. By the end of th&XV
century, distinct cartographic schools had emerged in Europe, the Middle East, and Asia,
each ontributing to the development of specific traditions for depicting spatial
information (Ehrenberg 2006). While these schools initially operated independently, a
gradual exchange of ideas and practices began to occur, fostering crosdtural
influences aml advancements in cartographic techniques. Furthermore, beyond these
well-established cartographic schools, smaller communities and isolated tribes in various
corners of the globe also engaged in mapping their territories, indicating a universal
human endeavor to preserve knowledge about their surroundings since ancient times.
This chapter explores the historical development and global diffusion of cartography,
highlighting the interconnectedness of different cartographic traditions and the shared

human impulse to map and understand the world around us.
Pioneering Efforts in Spatial Representation througihapping

The question of identifying the oldest map in existence continues to be a subject
of intense debate within scientific circles. This perplexity ares from the ancient practice
of painting intricate images on cave walls, which often bear resemblances to both
schematic depictions of the surrounding landscapes and abstract renditions of the
universe. Consequently, differentiating these artifacts as eéh maps or artistic

expressions poses a significant challenge.

In the largest and most detailed study of the History of Cartography in the world
- The History of Cartography Project, which for 30 years now has no analogue, an
extensive investigation intothe history of cartography is undertaken. Within this
remarkable endeavor, a notable example of early spatial representation emergegen
from Bulgaria. A cave painting discovered in Maguratacave is identified as a

cosmological drawing, portraying the known world as perceived by the ancient

¢J k h ¢ ~ \ mAttpsg/depgraphmwisc.edu/histcart/
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inhabitants of the region (Fig. 13.). This pivotal finding sheds light on the earliest

methodologies employed to depict spatial information.

Fig.13. Cosmological drawing from Magurata cave. The Sun is depicted, below it the earthly

world (with two parallel lines), and beldmeibther world.

In 1979, an intriguing discovery was made in a cave located in Germahy
perforated mammoth bone fragment. This particular artifact, dating back approximately
33000 years, was proposed by Rappenglick (2003) to represent a map of the
constellation Orion. The identification of cartographic elements within this bone
fragment adds to its significance. Similar artifets with potential cartographic value have
also been uncovered in various cave sites, including the renowned Lascaux Cave in
France. Additionally, claims of ancient cartographic works have been made for artifacts

discovered in Italy, the Czech Republic, Tikey, and other regions.

Further evidence of diverse but primitive cartographic skills can be observed
among different indigenous groups, such as the Indians residing in the Colorado River
Valley, the Eskimos of Northern Greenland, and select tribes in Arazonia (Kanev, 1965).
These instances exemplify the transitional phase from simple drawings to more
sophisticated cartographic representations. Just as in ancient times, cartographic works

continue to reflect people's unique perspective on the world and teir place within it.

Through a meticulous exploration of these ancient cartographic artifacts, we can
gain valuable insights into the early stages of human mapmaking, thereby deepening our

appreciation for the evolution of cartography as a means of visually representing and
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comprehending the world. Since it is difficult to reach a consensus on which is the oldest
map depicting a territory, here we will mention some of the most important examples

from various places around the world.
Ancient Eastern school of cartography

The Balylonian map’ (Fig. 14.), also calledimago Mundcan be considered the
oldest map of the world. It was discovered in Iraq, it is made of clay and represents the
entire world known to its authors at that time. It is kept in the British Museum in

London and is dated c. \AVI centuries BC

Fig.14. TheBabylonian world thap

In the central region of the map, a collection of seven triangular motifs
resembling rays can be observed. These triangular elements serve the purpose of
indicating the directional orientations and corresponding distances from Babylon to

diverse geographical features or objects.

Another noteworthy example, often asserted by certain archaeologists as the

earliest known map, consists of a small clay tile measuring approxitedy 7.6 x 6.8 cm.

7 British Museum Inv. N0.92687
& Image credit:Osama Shukir Muhammed Amin FRCP(Glasg)
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This artifact was unearthed in close proximity to the Iraqi city of Kirkuk in 1930. The

depicted map portrays a river valley spanning between two prominent hills.
Cartographer Leo Bagrov has assigned an estimated date of 7000 BC to thesnarkable

discovery (History Of Cartography Project, Volume 1 1987).

Cartography in Ancient Greece and the Hellenistic World

The scientific basis of Western cartographic traditions was formed with classical
Greek theories about the nature and shape of té Earth (Ehrenberg 2006) The
Pythagoreans introduced the concept of the spherical Earth arounthe V century BC
(Kanev 1965)The first map of the Earth's surface, known to the ancient Greeks, was
compiled by the Greek mathematician and philosopher Anaximnder (610A 540 BC)
(Fig. 15.). It depicts the Earth as a flat circle around which the ocean is located. In the
central part is the Mediterranean Sea, and around it are Europe, Asia and Libya (Africa).

The same image of the Earth can be seatescribed in Homer's lliad.

EUROPE

Fig.15 The World According to Anaxinfander
Anaximander invented the sundial and first used cartographic projection.

Thanks to the conquests of Alexander the Great and the founding of the city of

Alexandria, the foundations of the Alexandrian Scientific School were laid, which was the

°From John Mansley Robinson, An Introduction to Early Greek Philosophy, Houghton and Mifflin, 1968
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first of its kind and had the largest scientific base in the world for its time. Its e came
in 341, when the library was burned to the ground by Christian followers. However, its
importance for the development of cartographic science is very greatAt the time of
Aristotle and his students, the idea of the spherical shape of the Earth waslopted and
the introduction of the concept of latitude and longitude began, and initially the line

that divided the Earth in two parts, according to them, was called the "diaphragm".

Eratosthenes was the scientist who made the first successful attempt to
approximately accurately measure the length of the meridian. In 220 BC he noticed that
at noon on the day of the summer solstice, the SuA | eb aminthtevells ofthe 7. }
city of Siena (today - Aswan, Egypt). He concludes that on that day the Sunsi at its
zenith. The following year, on the same day, he measured the zenith distance of the Sun
in the city of Alexandria, which turned out to be 7 12'. From the merchants living in the
area at the time, he knew that the distance between the two citiesas 5,000 stadia. Thus
he calculated the length of the Earth's radius to be 39,800 stadia, making 7,36Km.
Today we know that this distance is 637km. This achievement was astonishing for its
time and is one of the best examples of the brilliant cartograpic school of Ancient

Greece and the Hellenistic world.

Eratosthenes is called "the father of Geography". He is the author of the three
volume "Geography", in which he describes and maps the entire world known to him. In
addition, he divided the Earth into 5 climatic zones, used parallels and meridians, for the
first time in history put the names of over 400 settlements on the map. His work has not
survived to this day, but parts of his scientific achievements have still reached us, thanks

to his followers.

Hipparchus was the scientist who introduced the concepts of latitude and
longitude by making a change in the division of the circle into 360 degrees (Kanev 1971).
He seriously criticized the ideas of Eratosthenes, for which he was even reprimanded. His
ideas about the Earthand the world ocean are reflected in one of the most significant
works of Antiquity - "Geography” by Claudius Ptolemy, where his conical projection is

used as the basis of the maps.
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Ptolemy ( ca. 100- 170) lived in the city of Alexandria, part of the Roman
province of Egypt, and is most likely of Greek roots. His second book is called
"Geography" (Geographiand consists of several parts detailing the world in which he
lived. The maps, which are part of the work, contain a netwrk of parallels and
meridians, on which all the objects known at the time, extending from the area of St.
Madeira and the Canary lIslands, across the Mediterranean and east to China. The
originals of "Geography" have not been preserved to this day, but owethe centuries the
knowledge from his book managed to reach thexV century when the Ptolent Antap of

the world known today was created'{Fig. 16.)

Fig.16. Ptolem Anlp of the world fraheXVcentury, presenting the author's description of
theoikumeiri

%Source: British Museumhttps://www.britishmuseum.org/collection/term/BIOG 149659

'tord Nicolas the German (Donnus Nicholas Germanus), cartographer Johann the Blockcutter of Armsheim
(Johannes Schnitzer or Johannes de Armssheim), engravé&ecorative Maps by Roderick Barron ISB\
1851702989
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Chinese school of cartography

The ancient Chinese school left a rich legacy. The oldest maps are dated
from the 4th century BC, and various materials were used as a basis in the centuries

after that - silk, stone (Fig.17) * wood, clay.

Fig.17. Yu Ji Tu was carved in stone ifBi@Mbery al.,2006 )and depicts the mapped

territory extremeglgeciselyrhe grid is clearly seen.

China is the home of the compass. It was invented during the Han Dynast$(ca.

300-200 BC), and it began to be used in Europe only in theXIIl century. Initially, the

Pericles of Athens, 2007
Model of a Han Dynasty (206 BG\220 AD) south-indicating ladle or sinan, 2007
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main direction, which was used in ancient compasses (Fi§., 19., 11.), was south, hence

their name in the Chinese language "pointing to the south" (s;mén ).

Fig.1.8Han Dynasty (206 8220 AD) Fig.1.9Classic compass  Figl.10Compasses
compass nowadays are even
used as mobile
applications on

smartphones.

Cartography in Ancient Rome

Cartography in the Ancient Roman Empire was developed in connection
with the numerous conquest campaigns (Kanev 1971). The most famous work from this
period, which has survived to this day thanks to its medieval copy from theXlIll century,
is called the Poitinger Map.It is a road map on which all the lands of the island are
included - from Britain all the way to India. The original map is dated to the time of
Emperor Augustus (27 BCA 14 AD).

Today the map is kept in the Austrian National Library in Vienna. It consists of 11
parts, the westernmost With the British Isles and the Iberian Peninsula) being lost. The
dimensions are 6.8 m X 34 cm (Figl1ll), and Bulgaria is depicted onSectionVI and

SectionVII .

26



Fig.111The whole Poitinger‘fnap

The map shows the distances between the cities and the importance of Rome

as a transport center within the boundaries of the empire can be clearly seehFig. 12 ) .

Fig.12. Rome depicted on the Poitinger map

Many Bulgarian settlements are also present on the map (Fit.).

4 Image source: Konrad Miller- Ulrich Harsch Bibliotheca Augustana
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Fig.113. Serdika (now Sofia) and Philippopolis (now Plovdiv), depicted on the Poitinger map.

Cartography in the Middle Ages

The Middle Ages have been widely acknowledged byscholars as a period
characterized by a substantial decline in scientific inquiry, wherein religious doctrines
held sway over prevailing worldviews. During this era, the Bible emerged as the primary
source of knowledge, while the accumulated wisdom of Amjuity was increasingly
regarded as heretical. Notably, concepts positing the Earth's spherical shape were

dismissed.

In the VII century, Isidore of Seville, an esteemed archbishop hailing from Seville,
Spain, authored several influential scientific works.Of particular relevance to
cartography are his treatises "On the Nature of Things" (De natura rerunand
"Etymologiae.” These works served as fundamental sources of information, laying the
groundwork for the development of a distinctive cartographic genreknown as T-O maps.
These maps derive their name from the distinct configuration of the continents of the
Old World, which are depicted alongside the large bodies of water known at that time
(see Figl¥4 and Fig.15).
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Within the archives of traditional European cartography during the Middle Ages,
numerous instances of world maps, commonly referred to as mappa mundi (derived
from the Latin words "mappa" meaning "map" and "mundus" meaning "worl§l"can be
found. Among these, a substantial portion consists of O maps, while others portray
the global landscape through alternative perspectives. While possessing historical and
artistic significance, these maps suffer from inherent limitations, notapltheir substantial

inaccuracies in representing geographic locations.

Islamic school of cartography

During their expansion into the Mediterranean and Europe, the Arab civilization
assimilated a significant body of scientific knowledge from th@ancient Greek and Roman
scholars. Among the eminent scholars of the Arab school, dblrisi stands out, renowned
for his publication of the Tabula Rogeriana in 1154. This atlas represents a remarkable
achievement, characterized by meticulous precision ancc@uiracy in depicting various
geographical featuresKig. 156). Notably, a noteworthy aspect of the Tabula Rogeriana is
its unique orientation, where a modern interpretation necessitates a 180° rotation, with

the south direction positioned at the top.

Fi.116 Tabula Rogeridna

MAPPA MUNDI in JEAN MANSEL La Fleur des Histoires. Valenciennes, 145863, manoscritto, penna, inkioso e colori su
pergamena, 30 X 22 cm (carta). Bruxelles, Bibliotheque Royale de Belgique, MS. 9231, fol. 281 v. Map attributed to Simon

Marmion

"Source:T abula Rogeriana, 1154, Bibliotheque Nationale de France (MSO Arable 2221), 1154 Authelclidi
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The Ottoman cartographer Piri Reis was a navigator and traveler with special
merits in the development of cartography. He is the author of a map of the world on
which parts of Europe, North and South America are depicted in great detail (Figll.).
The year of its creation is 1513 and many myths are associated with it. It is believed that
it was made as a copy of the world map of Christopher Columbus, which has not been
preserved to this day. Only a fragment of Reiss's map has been preservedimost 1/3 of
it.

Fig.1T7. The fragment of Piri Reis's world map preserved'fo this day

Ymage sourcelibrary of Topkapi Palace Museum, No. H 1824 Bilkent University
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The maps ofthe Age of Discoveryand beyond

One of the most important factors that contributed to the development of
seafaring was the introduction of the compass to European lands. Thus it became
possible to develop a number of port cities as commercial centers very quickly, especially
in Italy. The need for specialized nautical charts, on which the azimuths can be
accurately determined during the movement of ships, leads to the appearance of
portolan maps These maps have the features along the mapped coastlines plotted in
extreme detail, and the nterior of the land is often decorated or blank. In the seas and

oceans are drawn compass roses, from which rays emanate in all directions.

Carta Pisana the first portolan map from the XllI century. Its name was given
because it was discovered in the city of Pisa, Italy. It depicts the Mediterranean and the

Atlantic coast of Europe (Fig.18.)

Carte Pisane
c. (1258 - 1291)

1045 mm x 502 mm
Paria, Bibliolhague Naticaale

Fig.118. Carta Pisafa

Ymage source: Paris, Bibliotheque Nationale de France (BNF). Department des Cartes et Plans, Accession number
Res. Ge. B1118.
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The advent of the compass in Europe and portolans became major factors, from
the point of view of cartography, for the beginning of the the Age of Discovery. During
this period, intensivetravel led to a significant need to produce not only portolans, but

also maps of the newly discovered lands.

Numerous maps of the New World were also created during this period. In 1500,
Juan de la Cosa created the first map showing North and South America, along with

Europe, Asia and Africa (Fig.19.) .

Fig.119. Map of Juan de la C&ssa

mage source: Naval Museum of Madrid. Current location Room VIlIGeographical discoveries (from 15th to
18th centuries).
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One of the most famous cartographers, who left a significant legacy, is Gerardus
Mercator (1512 1594).His keen interest in mathematical sciences led him to study at the
University of Leuven, where he honed his skills in variousdisciplines, including
mathematics, astronomy, and cosmography. Mercator's academic pursuits laid the
foundation for his groundbreaking contributions to cartography. His map of 1569
(Fig120.) is based on the cartographic projection made by him and bearing his name to
this day, which depicts the loxodrome *as a straight line. This revolutionary map
projection technique enabled the representation of the Earth's spherical surface on a flat
plane, a feat that had challenged mapmakers for centuries. The Mercator Projection
preserved straight lines as straight lines, allowing for accurate and convenient navigation,
especially for sea voyages. While the projection distorts the relative sizeslahd masses
as they move toward the poles, it remains widely used in navigation charts to this day.
Mercator's maps have a mathematical basis, which makes them much more accurate and
precise than previous cartographic works(Fig. 121) Gerardus Mercator's influence
extended far beyond his lifetime, shaping the course of cartography for centuries to
come. His maps and projection techniques remain foundational tools in modern

geography and navigation.

Fig.120. Mercator's Map of %69

2RhombusA used in marine navigation and is a curve that crosses all meridians at the same angle.
ZImage sourcecommons.wikimedia.org. Mercator's Map of the World (1569)
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Fig.121 A segment of Mercator's map, which also shows the territorglajBubgima

ZImage sourcecommons.wikinedia.org. Mercator's Map of the World (1569)
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Another representative of the Flemish school, which was flourishing at that time,
was Abraham Ortelius. He is the author of the first modern atlas, which is called@heatrum
Orbis Terraruamd was published in 1570 (FitR2.).

Fig.122 Map of the world from the atlas of Offelius

In the XVII - XVIII centuries, the foundations of modern cartography were laid,
as it already used the newly accumulated geodetic and mathematical knowledge. Many
new projections were invented, maps became more and more accurate, and the first

precise maps of the New World wee created (Fig.123.).

#Image Source: Ortelius World Map Typvs Orbis Terrarvm, 1570. Abraham Ortelius The Library of Congress
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Fig.123 1644 map showing New Guinea, Australia, Tasmania andNew Zealand

One of the first thematic maps that contributed to the development of
climatology was the map compiled by William Woodbridge based on the ideas of
Alexander von Humboldt. The climate zones are depicted on it (Fig24.). One of the
significant contributions of Humboldt to cartography was his use of isotherms on maps.
During his travels, he meticulously recorded temperature data at differeng¢levations, and
subsequently, he devised isotherms, lines connecting points with the same average
temperature, on his maps. This innovative technique allowed for a better understanding
of temperature variations across regions, providing valuable insightsto climate patterns

and geographical features.

lmage Source: Melchisedech Thevenot (162882): Hollandia Nova detecta 1644; Terre Australe decouuettan
1644, Paris: De I'imprimerie de lagves Langlois, 1663 Based on a map by the Dutch cartographer Joan Blaeu.
Langlois, 1663.
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Fig124. The climate map based on Humboldt's ide&s

Another work with which Humboldt remains in history is the illustration included
in his "Essay on the Geography of "P(a8&7), in which a profile of the volcanoes of
Chimborazo and Cotopaxi is presented, on which the plant species of the different
altitudinal zones are plotted (Fig 125.). This illustration is still used today to make
comparisons between the altitudes atvhich Humboldt discovered different types of
plants and the altitude at which they are found today. Thus, conclusions can be drawn
about the influence of climate changes on vegetation for the last few centuries.
Humboldt's influence on cartography stemmedfrom his profound scientific insights,

meticulous documentation of geographical data, and innovative mapping techniques.

*Image source: Isothermal chart, or, View of climates & productions / drawn from the accounts of Humboldt &
others, by WC Woodhridge. This image is available from the New York Public Library's Digital Library under the
digital ID 465012: digitalcollections.nypl.org
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Humboldt's expeditions across South America, particularly his monumental
journey to the equatorial regions, laid the groundwork for a new approach to
cartography. Unlike his contemporaries, Humboldt saw the Earth as an interconnected
system of physical phenomena, where various environmental factors influenced one

another. He emphasized the significance of geographical context in undenstiing natural

processes and human societies.
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Fig.125 Humboldt elevation belts visuafization

Nicolas Tiso (1824 1897) is a representative of the French school of cartography
from the XIX century. He remains in history as the author of the indicatrixes of
deformations (Fig.126.) (also called indicatrixes of Tissot or ellipses of Tissot after im).
They are an effective way to visually perceive the deformations that occur when using

different map projections and are used in cartography theory to this day.

#Image source: Entworfen von A. von Humbold, gezeichnet 1805 in Paris von Schénberger und Turpin, gestochen
von Bougquet, die Schrift von L. Aubert, gedruckt von Langlois
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Figl26 The world depicted with the Mercator projection anddigssotss showing the

deformatiomgcurring in the different territories across the globe.

During the XIX and XX centuries, the production of cartographic works witnessed
a notable shift towards specialized units, organizations, and militargervices. This era
marked the commencement of comprehensive mapping initiatives undertaken by
individual states to document their respective territories. The advent of numerous devices
and technologies prompted significant advancements in the principles @rscientific

foundation of cartography.

A seminal international endeavor during this period was theinitialization of the
International Map of the World project at a scale of 1:1000 000. Proposed by the
esteemed German geographer Albrecht Penck in 18%istambitious undertaking aimed
to create a standardized and comprehensive mapping of the entire world. The proposed
maps would adhere to a consistent scale and layout, encompassing both natural and
sociceconomic features. While the project was not fullyrealized, its influence persists

even today, as topographic maps produced in many countries, including our own,
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continue to incorporate the principles laid out by the International Map of the World
project. Initially, the bureau dealing with the initiative was located in London, but after
the Second World War, the organization of the project was handled by the United
Nations. By the 90° of the XX century, the idea dropped from the organization's agenda,
due to the impossibility of being implemented, and als due to the fact that a large part
of the already prepared maps became obsolete. However, the layout of thiillionth

World Map developed for this project is still used today.

The Swiss Eduard Imhof (1895 1986) left a rich legacy in the history of
cartography related to the different techniques for depicting the relief. He is the author

of many maps and atlase¢Fig. 127).
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Fig.127 Edward Imhov's schueg

A cartographer of high merit in the mapping of seas and oceans is Marie Tharp
(1920- 2006). Working in partnership with her colleague Heesershe made a significant
discovery (Fig. 128). She had apivotal role in creating the first comprehensive map of
the Atlantic Ocean's floor. For years, she meticulously analyzed and interpreted sonar
data collected from various oceanographic surveys. These data revealed the presence of a
vast underwater mountan range running down the center of the Atlantic Ocean, known

as the MidAtlantic Ridge. Tharp's mapping work not only unveiled this hidden
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geological feature but also provided crucial evidence for the theory of plate tectonics, a
revolutionary scientific concept that changed our understanding of Earth's geology and

dynamic processes.

Fig.128 Map by Marie Tharp showing a new way of mapping the bottom of the seas and

ocears

In the XX century, the foundations of modern cartography were laid - today it
uses higrtech means of data collection, various software products are used for their
visualization and interpretation.The century marked a shift from traditional hand-drawn
maps to computergenerated, interactive visualizations that revolutionized how we

perceive and interact with geographic information.

The early 1900s saw a surge in topographic mapping efforts driven by the need
for accurate and detailed maps during World War |. Governments around the world
invested in national mapping agencies, leadingo the creation of comprehensive
topographic maps that provided crucial support for military operations and civilian

planning. During the First and Second World Wars, geographical maps had an important

“lmage source: Painting of the MieDcean Ridge with rift axis by Heinrich Berann based on the scientific profiles
of Marie Tharp and Bruce Heezen (1977)
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strategic importance, which led to significant progres in their creation and use -
airplanes were used (for the creation of orthophoto maps), precise plans and largeale

topographic maps were created.

The mid-20th century witnessed significant advancements in aerial and satellite
technology, transforming the way cartographers gathered geographic data. Aerial
photography and remote sensing allowed for the acquisition of detailed imagery, which
paved the way for photogrammetry and the creation of accurate relief maps. This
technology not only improved map precision but also expedited the mapping process.
Later on, cartographers started integrating statistical information into their maps,

offering a more comprehensive understanding of geographical phenomena.

Advancements in printing and reproduction technologes further democratized
cartography. Largescale map production became more accessible to the public, allowing
individuals to have detailed maps of their local areas. The availability of affordable maps
empowered people to explore the world and engage in utdoor activities like never

before.

In the postWorld War Il period, institutes and various organizations were
established in many places around the world to be responsible for mapping and later for
the collection of geospatial data. Organizations assotea with cartography today are the
International Cartographic Association, the British Cartographic Society, as well as the
former United Nations Cartographic Section, which in2015 changed its name to the

Geospatial Information Sectioft

In the latter half of the XX century, the rise of computers and Geographic
Information Systems (GIS) revolutionized cartography. Digital mapping technologies
provided cartographers with powerful tools for data visualization, analysis, and
manipulation. GIS allowed for theintegration of vast datasets, enabling the creation of

dynamic, interactive maps that could be updated in reatime.

The emergence of the internet and welbased mapping services in the late 1990s

and early 2000s ushered in a new era of cartography. Onlinemapping platforms like

2United Nations websitehttps://www.un.org/geospatial/about/history
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Google Maps and OpenStreetMap brought geographic information to a global audience,
making it readily available to anyone with an internet connection. These platforms
empowered users to contribute and edit map data, fostering a collaative and ever

evolving mapping ecosystem.
Cartographic Representations of Bulgaria in Historical Maps

Due to the geographical position of the Bulgarian lands, the territory is present in
many cartographic works of the past. Any geographical map of past periods is subjective
and reflects the author's logic, views and ideas about the world, even his politicar
philosophical views. Orachev (2005) defines the European cartographic logic regarding
the depiction of the Balkans until the XIX century in the following way: "if there are
recognized sovereign rights (hereditary or acquiretherews)a statand vice versahis is
also the reason whyBulgariais present in the inscriptions placed on cartographic works

after the adoption of Christianity in 864, and even after falling under Ottoman slavery.
Short History of Cartography in Bulgaria

The first map, which was made by a Bulgarian and is entirely in the Bulgarian
language, is called "Map of presenday Bulgaria, Thrace, Macedonia and the adjacent
lands”, and its author is Alexander Hadjiruset. It was created in 1843, consists of 4
separaé sheets and was printed in Strasbour@Fig. 129 and Fig. 130.). In 1924 it was
republished by Prof. Anastas Ishirkov as book 4 of the Geographical Library of the

Bulgarian Geographical Society.

%Source:Europeana Library https://www.europeana.eu/bg/item/9200378/BibliographicResource_3000115528612
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Fig.129 Alexander Hadjirusset map‘cover

Fig.130. The map of Alexander Hadjirusisetsecondedition of the map was
published in 1924 by Prof. Ishirkovand the Bulgarian Geographical SocietyCartographic
Archive of the National Library, sign. Kr 271).

%Image sourceEuropeanaHadjirusset, Alexander painted, wrote and lithographed. Ishirkov, A. ed. National
Library "St. St. Cyril and Methodius"
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