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Abstract
Piri Reis was a famous Turkish cartographer, navigator, shipmaster, and geographer, as well as an observer and
researcher of genius. He spent most of his life at sea, especially in the Mediterranean Sea. Carefully observing the
places he visited and combining his observations with his experience and skills in cartography. Piri Reis produced what
has become known as his First World Map of 1513, depicting certain parts of West Africa and Central and Eastern
America, his Second World Map of 1528, representing the eastern coasts of North America, both of which are the most
accurate maps of his time and masterpieces of cartography and his charts collected in Kitab-ı Bahriye. Kitab-ı Bahriye
is a book of navigation, geography and an atlas of the Mediterranean Sea. Besides the maps of the places he visited,
Piri Reis also provides information about various subjects such as local ports, the depths of coastal waters, possible
anchoring points for vessels, vegetation, drinking water, wells, mineral resources, archaeology, climate, socioeconomic
structure, ethnic composition and religious beliefs. In this study, the geographical and spatial information from Kitab-ı
Bahriye (the source of the rivers, the navigational information about the Mediterranean Sea, the magnetic declination,
etc.) were reviewed by comparing them with the modern data.
Keywords: Piri Reis, Kitabı Bahriye,Geo-information

INTRODUCTION
Piri Reis was a famous Turkish cartographer, navigator, shipmaster, and geographer, as well as an observer and
researcher of genius. In the sixteenth century, when the Ottoman Empire was at the peak of its military and political
power, he started his career as a navigator at an early age with his uncle Kemal Reis, a famous commander of the
Ottoman navy, into whose service Piri Reis himself would also be taken (Afetinan, 1992). He spent most of his life at
sea, especially in the Mediterranean. Carefully observing the places he visited and combining his observations with his
experience and skills in cartography (McIntosh, 2000), Piri Reis produced what has become known as his First World
Map of 1513 (Figure 1), depicting certain parts of West Africa and Central and Eastern America, and his Second World
Map of 1528 (Figure 2), representing the eastern coasts of North America, both of which are the most accurate maps of
his time and masterpieces of cartography. Figure 1 and Figure 2 present the surviving fragments of these maps, which
were originally drawn on gazelle skin.

Figure 1. First World Map of Piri Reis (Topkapi Palace Museum, Istanbul)
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Figure 2. Second World Map of Piri Reis (Topkapi Palace Museum, Istanbul)
Apart from the world maps, another important work by Piri Reis is his Kitab-ı Bahriye, which he created by drawing
upon his career-long observations as well as the reference works he collected (Figure 3). Based on scientific principles
and intended for both military and civil users, Kitab-ı Bahriye is not only an atlas containing information on the
geographical, economic and social aspects of almost all the coasts of the Mediterranean, but also a literary work
incorporating poems that describe the geographical themes as well as textual information pertaining to each particular
region mapped. Completing his work in the year 1526, Piri Reis presented it to Suleiman the Magnificent, Sultan of the
Ottoman Empire, and earned his praise. Unfortunately, due to political rumours against him, after producing all these
splendid works, Piri Reis was executed upon the order of Suleyman the Magnificent, whose favour he had previously
enjoyed (Yilmaz, 2010).

Figure 3. An excerpt from the original manuscript of Kitab-ı Bahriye (of 1526) (Topkapi Palace Museum, Istanbul)

KITAB-I BAHRİYE (BOOK OF NAVIGATION)
The other important work by Piri Reis is Kitab-ı Bahriye which he produced on the basis of his observations during his
seafaring experience and the reference works he collected. Based on scientific principles, and designed for use by both
the military and civilians, Kitab-ı Bahriye is not only an atlas containing information on the geographical, economic and
social aspects of almost all coasts surrounding the Mediterranean, but is also a literary work incorporating poetical
sections describing geographical and physical themes, and providing textual information pertaining to each particular
region mapped (Yilmaz, 2010).
Kitab-ı Bahriye illustrates the islands and coasts of the Mediterranean and Aegean Sea for navigators. It is considered to
be a masterpiece of the geography of the Ottoman Empire, world history and historical cartography in general (Soucek
1992). The portolan charts collected in Kitab-ı Bahriye cover the entire coasts of the Mediterranean in a systematic
manner: Aegean Sea, Greece and Adriatic coasts, the Mediterranean shores of Italy, France and Spain, North Africa and
Egypt, the coast of the Eastern Mediterranean and Cyprus, the Mediterranean and Aegean coast of Anatolia and the
Gulf of Saros. Kitab-ı Bahriye combines numerous charts and maps with geo-information relating to the coasts and
islands of the Mediterranean Sea and also provides (physical and human) geographical information about local ports,
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the depths of coastal waters, possible anchoring points for vessels, vegetation, drinking water, wells, mineral resources,
archaeology, climate, socioeconomic structure, ethnic composition and religious beliefs that were not, or could not be,
included on the maps (Yilmaz, 2015). Therefore, Kitab-ı Bahriye has also aroused the interest of geographers,
historians, archaeologists, and linguists. In 1521, the first edition of Kitab-ı Bahriye containing 132 portolan charts of an
island or coastline was produced for navigational aims. In 1526, the revised edition containing 210 better-crafted charts
(a total of 290 maps) was presented as a gift to the Ottoman Emperor, Suleiman the Magnificent.
There are 29 surviving manuscripts of Kitab-ı Bahriye, most of them preserved in museums and libraries within Turkey,
although others can be found in Italy, Germany, the UK, France and the USA. The four-volume facsimile reproduction
(presenting the charts alongside a Turkish transliteration and an English translation of the original text) published by the
Historical Research Foundation of Turkey, drawing on the original manuscript located in the Ayasofya Library (ms.
Ayasofya 2612) is used in this paper.

GEO-INFROMATION WITHIN KİTAB-I BAHRİYE
Compass Roses
Piri Reis gathered notes for Kitab-ı Bahriye during intermittent voyages along the Mediterranean Sea coasts from 1487
to at least 1510 (Soucek, 1992) and made compass observations to determine the north direction for every island or
coast that he visited. These compass measurements were taken into account as reliable because the majority of Ottoman
ships were made of wood before the middle of the nineteenth century. While producing the portolan charts for Kitab-ı
Bahriye he had drawn a compass rose on each chart for orientation. On the compass roses, at least eight directions were
marked and the direction of magnetic north was given with an arrow.
The compass rose north provides a convenient starting point for using Kitab-ı Bahriye as historical data source. The
difference between compass rose north and true (geographic) north can be estimated on the portolan charts by
orientating the charts to geographic north. The portolan charts of Kitab-ı Bahriye are unscaled and lack a reference
system. The orientation of these charts to geographic north requires georeferencing that is aligning the position of the
chart objects to a meaningful spatial coordinate system. The georeferencing defines accurate positioning of the charts in
terms of scaling, rotating, shifting and skewing.
The historical declination data based on Kitab-ı Bahriye needs to be evaluated to ensure that these data can be used as
source data for improving historical geomagnetic field models of the Earth and for verifying existing models or
archeomagnetic data. For the evaluation process, four islands of the Mediterranean Sea (Mallorca, Corsica, Sicily and
Cyprus), two islands of the Aegean Sea (Milos and Anafi) and one island of the Marmara Sea (Imrali) were selected
within the geographical boundaries: 34.53 0 N ≤ φ ≤ 43.05 0 N; 2.27 0 E ≤ λ ≤ 34.62 0 E. The geographical distribution
of eight islands of the Mediterranean, Aegean and Marmara seas are shown in Figure 4 and Figure 5 on both the map
from Kitab-ı Bahriye and the Google-Earth image.

Figure 4. The geographical distribution of the study islands.
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Figure 5. The georeferenced chart images that are superposed on the Google-Earth images
The historical declination values based on Kitab-ı Bahriye can be compared with the declination values that were
generated by a continuous global geomagnetic field model for 0-3 ka. (CALS3K.3) (Korte et al., 2009) and a regional
archeomagnetic model for Europe for the last 3000 years (SCHA.DIF.3K) (Pavón-Carrasco et al., 2009).
In conclusion, the compass roses that were drawn on the portolan charts of Kitab-ı Bahriye can be used as additional or
external declination data source for improving and verifying the accuracy of the geomagnetic field models of the Earth
at regional and global scales, taking into account the sparseness of historical geomagnetic measurements before 1600
AD. The historical declination data determination from all of portolan charts of Kitab-ı Bahriye would be a valuable
objective for the future research (Yilmaz et al., 2010).

The Source of the Nile
The Nile has been regarded by many civilizations as one of the most important rivers in the world. The Nile has had
significant influences on major religions ranging from the pharaonic religions of ancient Egypt to modern Muslims in
Africa. All religions in the desert were influenced by and venerated the life-giving value of river-water and
mythologized it in rituals because the river flowing through the desert was the main source of life. Although the
majority of people, past and present, considered Lake Victoria to be the true source of the Nile (largely due to
hydrological factors), the largely overlooked historical and geographical information regarding the Nile in Kitab-ı
Bahriye indicated a completely different region for the source of the Nile completely.
The main geographical information pertaining to the Nile in Kitab-ı Bahriye is contained within a poetic section on the
discovery voyages of the Portuguese in the Indian Ocean region. This section reports that after the death of the king of
Portugal, one of his two sons assumed the throne. The other son lived in exile on the northwest coast of Africa for thirty
five years before becoming king after the death of his brother. The same narrative reports that sailors could sail round
the southern point of Africa with new and bigger ships making it possible for them to navigate the Cape of Good Hope.
The physical geographic location was captured by the following expression:
“Those who discovered Kavu Bono İspiransa (Cape of Good Hope) set up there a column and a crucifix. Know then
that this is the farthest extremity of the continents of the world. This place is part of the southern region and it lies
beyond the equator. That cape lies thirty four degrees below the equator.”
Poetical expression continues with the narration of old Ethiopia, which extended over vast domains of Africa. This
section also contains the first important geographical information regarding the source of the Nile and is described as:
“Starting from the source of Nile, the cape lies fully fifteen degrees beyond.”
Afterwards Piri Reis wrote that he received the information regarding the source of the Nile from people living in the
territory ruled by a black ruler named Manu Konkori (Manikongo), the title of the rulers of the Kingdom of Kongo
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during the 14th - 19th centuries. This area consisted of land that currently forms part of present-day Angola and the
Democratic Republic of Congo.
Piri Reis provides further physical geographical information related to the source of the Nile as follows:
“They said there was a great desert there and beyond that a lofty mountain. The Nile River starts out as a trickle from
that mountain, becomes a lake, and then arrives at the desert. Spilling out of the lake it advances and rises as more
water comes. That is, at the same time it flows through the flat places. Advancing further, it sinks into the Earth.”
In the subsequent poetic sections, positional information is provided in addition to the geographical information related
to the source of the Nile:
“The source of the Nile is beyond the equator and it lies in the nineteenth parallel.”
In the final poetic section, the physical location of the source of the Nile and the flood regime were described in the
following way:
“The source of the Nile lies beyond the equator. When it is winter here, it is summer there; and when it is summer here,
it is winter there. For when it is winter here, the sun is closer to those places while it is far from us. For this reason,
when winter comes here, it is summer on the far side of the equator. This is the reason for the flooding of the Nile: that
is, you should not be surprised that it floods in the summer.”
In later sections of Kitab-ı Bahriye, Piri Reis provided a detailed geographical explanation regarding his journey
on the Nile from the delta on the Mediterranean coast at Rashid (Rosetta) Strait. In his detailed charts, Piri Reis
provided physical information required for safe sailing on the Nile, including geographical details, depth
information, locations of the harbors and directions of the winds and the nature of the communities inhabiting
the area. The Nile Delta region upstream to Cairo was displayed in five overlapping charts (Figure 6) providing
continuous coverage. Each chart has a rose compass that provides an orientation to facilitate navigation (Yilmaz
et al. 2010).

Figure 6. Portolan charts of the Nile from the Rashid Strait to Cairo from Kitab-ı Bahriye
The statement in Kitab-ı Bahriye regarding the location of Cape of Good Hope 34 o south of the equator, which has been
located by modern measurements at 34° 21′ 29″, is a good indication of the geodetic accuracy of measurements made at
the time by Piri Reis. This allows the position and physical information within the Kitab-ı Bahriye to be generally
accepted as reliable. The statement regarding the geographical location of the source of the Nile as 19 o latitude south of
the equator and the difference between the source of the Nile and Cape of Good Hope as 15 o are also relatively reliable
(Figure 7). When analysing the region 19o S in Africa (as the potential source of the Nile), a large inland delta in the
central part of the Kalahari Desert, the Okavango Delta was indicated (Figure 7). If the Okavango Delta was considered
as a possible source for the Nile, the question arising from this and requiring further examination is which route did the
water follow from this delta to the Mediterranean Sea? The answer to this question assumes connectivity of water from
the Okavango Delta to the Great Lakes Region of Africa. The hypothesised route of the water from the Okavango Delta
(assumed by Piri Reis as the source of the Nile) to the Mediterranean Sea was via Lake Victoria.
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Figure 7. Africa lakes and rivers with the positional information from Kitab-ı Bahriye
(A) Okavango Delta, (B) Lake Kariba, (C) Lake Malawi, (D) Lake Tanganyika, (E) Lake Victoria, (F) White Nile, (G)
Blue Nile, (H) Nile Delta, (I) Zambezi river, (J) Tana lake, (K) Cape of Good Hope, (L) Mountains of the Moon.
Located in Botswana’s Kalahari Desert, the Okavango Delta is one of the world’s largest inland deltas. It is thought that
long ago the Okavango, Chobe, Kwando, and upper Zambezi waterways flowed as one massive river across the Middle
Kalahari. The present Okavango Delta and Okavango River is still connected to the Chobe-Zambezi River system via
the Selinda Spillway. The Zambezi River is the fourth-longest river in Africa, and the largest flowing into the Indian
Ocean from Africa. The first non-Africans to reach the Zambezi were Arab traders, who utilized the river’s lower
reaches from the 10th century onwards. They were followed in the 16th century by the Portuguese, who hoped to use the
river to develop trade in ivory, gold, and slaves. Until the 19 th century, the river, then called the Zanbere, was believed
to flow south from a vast inland sea that was also thought to be the origin of the Nile River. Before the construction of
the Kariba and Cahora Bassa dams, seasonal flooding of the Zambezi had quite a different impact on the ecosystems of
the delta from today. The lower Zambezi experienced a small flood surge early in the dry season as rain from the
Gwembe catchment and north-eastern Zimbabwe rapidly passed through while rains continued to fall in the Upper
Zambezi and Lake Malawi basins (Beilfuss and Santos, 2001). Lake Malawi is the southernmost lake in the East
African Rift system and the largest river flowing into it is the River Ruhuhu. Water exits Lake Malawi in the south via
an outlet called the Shire River, which forms a tributary flowing into the Zambezi River (Shela, 2000).
Based upon the geographical information provided in Kitab-ı Bahriye by Piri Reis, the source of the Nile was
hypothesised as the Okavango Delta. The course of the Nile from the Lake Victoria to the Mediterranean Sea is a wellknown geographical fact which is not disputed in this paper. Despite the numerous expeditions, journeys of discovery
and research on the Nile and its source, the subject has been dominated by constant speculation. The key problem is that
there is no definitive (single) rule for the determination of the source of a river. The Kitab-ı Bahriye is an important
literary work containing geographical data on physical, economic and social aspects of most of the coasts of the
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Mediterranean Sea with maps and textual information regarding all the regions its maps depict. In this paper, a
hypothetical and historical approach to identifying the source of the Nile has been explored by systematically reviewing
the information within the Kitab-ı Bahriye. The paper gives careful consideration to historical maps and dated sources
of information in attempting to resolve some of the controversies surrounding the source of the Nile River. However,
despite its impressive precision in other matters, the Kitab-ı Bahriye was as speculative as any other early hypotheses
regarding the source of the Nile. A nuanced, analysis of the physical information provided in Kitab-ı Bahriye and
related historical information provides valuable insights that can help in the understanding of the ongoing debated
regarding the geographical source of the Nile (Yilmaz, 2015).

Geo-information Heritage: The Sicily Island
Historical cartography is a fundamental part of Cultural Heritage for its valuable content related to spatial reference as
well as its artistic value. The importance of cartographic heritage mainly seems to base upon the spatial and time related
information within historical maps and other connected materials. The historical cartographic products portrayed a
particular moment in the past, and represent a starting point for detecting physical and cultural changes in the
environment through the time, in the studies, ranging from environmental to cultural, geographic or administrative
tasks. The comparison of historical cartography with modern data gives an opportunity to interpret the spatial and the
time scale of environmental and anthropogenic changes on the content. In this paper, one of the leading works of Piri
Reis, Kitab-ı Bahriye (Book of Navigation) that is a book of geography and an atlas of the Mediterranean Sea is studied.
Kitab-ı Bahriye combines numerous charts and maps with geo-information relating to the coasts and islands of the
Mediterranean Sea. The Sicily Island is selected as the case study from Kitab-ı Bahriye. The second section of Kitab-ı
Bahriye is entirely composed of charts and seafaring guides. Each topic contains the map of an island or coastline and
also includes descriptions and drawings of the significant monuments in every city, as well as geo-information on the
regions mapped. The second section starts with the description of the Dardanelles Strait and continues with the islands
and the entire coastlines of the Mediterranean Sea. This is stated in Kitab-ı Bahriye as follows:
“In composing the book I started from the fortresses of Sultaniye and Kilitbahir around Gallipoli. I have described this
sea stop by stop, distance by distance, and ended by returning to these fortresses.”
In the chapters about the coastlines of the Ionian Sea and Tyrrhenian Sea; the Sicily Island is described in eighteen
pages containing the chart of the island (Figure 8) and the chart of the Aeolian Islands (Figure 9):

Figure 8. The chart of the Sicily Island from Kitab-ı Bahriye

Figure 9. The chart of the Aeolian Islands from Kitab-ı Bahriye
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In Figure 8 and 9, English translations of the toponyms indicated on the charts and mentioned in the textual section are
given by black and red colour, respectively. A cartographic ‘magnifying-glass’ effect was proposed for the Sicily Island
that the area of the glass (the Aeolian Islands) was presented at another detailed chart (Figure 9).
To illustrate the wealth of the geo-information contained within Kitab-ı Bahriye, the geographic and cartographic
information about the Sicily Island from Kitab-ı Bahriye are summarized, in conjunction with the medieval Islamic
literature (where available); Book of Curiosities (Rapoport and Smith, 2014) and Book of Roger (Santagati, 2011).
Besides, the geo-information from Kitab-ı Bahriye are evaluated by comparing them with the modern data.
“Sicily is a mountainous, well-watered, and prosperous island. It has a circumference of seven hundred miles.”
In Book of Curiosities; Sicily is described as the largest of the Islamic islands and the most honourable on account of its
continuous military expeditions against the enemy. The island is stated as seven days’ long, and covered by mountains,
strongholds, and fortresses. The circumference of the Sicily Island is given as 500 miles. Farsakh that usually equalled
three Arabic miles was frequently used as the distance unit in most parts of Book of Curiosities. 1 Arabic mile equals to
1.972 kilometers (km).
In Book of Roger; Sicily is described as the pearl of the century for abundance and beauty; the first country [in the
world], for goodness [of the nature, frequency] homes and antiques [of civilization].
The distance unit used in most of the portolan charts of the Mediterranean was the Italian mile, although its exact metric
value over time or between regions could vary greatly. The Italian mile was traditionally considered a direct
continuation of the Roman mile. Therefore, a mile is standardized as 1.852 km in this paper. From this point of view,
the circumference of the Sicily Island is stated as 1296.4 km in Kitab-ı Bahriye. The total coast length of is estimated at
1484 km.
“Each year, numerous ships take on cargoes of wheat from this island and there are numerous sugar plantations as
well.”
In Book of Curiosities; the markets of grain-merchants, vegetable-sellers, and fruit-vendors are described.
In Book of Roger; the source of Sicily’s wealth is stated as the agriculture, particularly in its production of hard wheat
that is durable enough to be shipped throughout the Mediterranean. Besides, Sicily is described as one of the first
regions of the western Mediterranean to raise sugar cane, likely introduced by immigrants after the Muslim conquest.
During the Muslim agriculture revolution from 8th to 13th century, Arabians brought the agricultural items such as
oranges, lemons, pistachio and sugar cane to Sicily. Today, the main agricultural products of the Sicily Island are wheat,
citrons, oranges, lemons, tomatoes, olives, olive oil, artichokes, almonds, grapes, pistachios, wine, and also sugar cane.
“Now, this island belongs to the prince of Spain.”
In Book of Curiosities; Sicily is described as being under Muslim rule (827-1091).
Book of Roger gives detailed information about the landscape and people of Sicily in the mid-12th century, under the
patronage of Roger II (1095-1154)
Piri Reis gathered notes for Kitab-ı Bahriye during intermittent voyages along the Mediterranean Sea coasts from 1487
to at least 1510. During this time interval, Ferdinand II (1452-1516), was King of Sicily as Spanish ruler of southern
Italy.
“Above Messina inland, on the island of Sicily, far from the sea, there is a lofty mountain they call Cebel (Etna). That
mountain burns constantly day and night. By night its flames can be seen, and by day smoke are rising from it. Hence, it
is a recognizable mountain from a distance.”
In Book of Curiosities; Mount Etna is described as Jabal al-Nār, ‘the Mountain of Fire’.
In Book of Roger; the usual Arabic name ‘Jabal al-Nar’ is used for Mount Etna. Mount Etna is described as a volcano
whose crater continuously throwing stones and fire.
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The navigational information for the Sicily Island in Kitab-ı Bahriye
Typical portolan charts are navigational maps based on rhumb lines that radiate from the centre, in the direction of wind
or compass points (connecting opposite shores). On portolan charts; direction, distance, and coastal features were
provided for sailors to facilitate navigation during a voyage by virtually ignoring inland features.
In Kitab-ı Bahriye, Piri Reis provides substantial information relating to each island or coastline of the Mediterranean
Sea that were not, or could not be, given on the charts. Piri Reis also provided direction-distance information, useful for
navigation in smaller bodies of water, such as between two harbours/cities of the same island. A folio with directiondistance information (Figure 10), Ottoman-Turkish transliteration, and English translation of the particular folio are
given below:

Figure 10. The direction-distance information from Kitab-ı Bahriye.
Ottoman-Turkish transliteration:
“Ve ba’dehû mezkûr Circent (Agrigento) şehrinden kırk mil batı-karayel tarafında bir iskele var. Şaka (Sciacca) dirler.
Mezkûr Şaka bir kal’edür”
English translation:
“Forty miles to the west-northwest of the city of Agrigento is a landing place that they call Sciacca. Aforementioned
Sciacca is a castle.”
In Figure 11, navigational information for the Sicily Island routes given in Kitab-ı Bahriye are summarized and
compared with the modern (calculated) data.

Figure 11. Navigational information for the Sicily Island routes
Historical cartographic products (historical maps, portolan charts, panoramic drawings, relief models, globes and
atlases) have a fundamental importance for their unique cultural, educational, scientific, social and geographical content
and helpful for detecting physical and cultural changes in the environment through the time, as a part of cultural
heritage. The use of historical cartography in comparison with modern data gives an opportunity to understand the
spatial and the time scale of environmental and cultural evolution.
The objective of this study is comparing spatial information about the Sicily Island with the modern data to evaluate the
reliability of the unique geo-information stored in Kitab-ı Bahriye, in conjunction with the medieval Islamic literature
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(Book of Curiosities and Book of Roger). When the results presented in Figure 11 evaluated, the difference values of
direction and distance provide a good indication of the geodetic and geographical accuracy of
measurements/observations made at the time by Piri Reis. This allows geo-information contained within Kitab-ı
Bahriye to be generally accepted as reliable. In conclusion, Kitab-ı Bahriye can be used as a historical data source for
geographical, physical, or cultural studies (Yilmaz, 2016).
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