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1. Introduction

In this paper, we concentrate on the factors that led to Portugal’s superiority at sea during the age of exploration. In the first part we will focus on Portugal’s historical background and its important factors which were necessary in order to achieve such an outstanding position in the world. Further, an overview about navigation and cartography techniques follows including a description of a number of problems medieval navigators were confronted with. The subsequent part of the paper demonstrates the motivating forces for the development of seapower and compares the shipbuilding technology of Portugal and that of the most advanced civilization at that time. The last section deals with the impacts of the revolution and the expeditions to West Africa and India.
2. History
2.1. The Way towards Independence and the Rise of Portugal
The creation of Portugal as an independent monarchy is clearly associated with the organization of the military frontier against the Muslims in this area (the Moors). They introduced their culture, architecture, and agricultural techniques to the region until Christian resistance grew into the Reconquista that finally ejected the Moors in the twelfth century. Young aristocrats from all over Europe went to Iberia to battle the Muslims (the Moors) and while reconquering the peninsula for the Christian kings, they won hereditary titles and land grants for themselves. Hence, the church and the military aristocracy became the major landowners. Since the Church wanted to spread Christianity by attracting the military aristocracy and giving them control over the acquired lands the interests of church and state were closely linked together.

The territory known as Portucalense was made a province of León and placed under the control of the crusader-knight Henry in 1096. Henry governed with a substantial degree of autonomy because of the province's separation from León by rugged mountains. The Leonese king died in 1109, leading into a civil war among Aragonese, Galician, and Castilian barons who desired the crown. Count Henry of Portucalense carefully stayed neutral during this struggle and gradually stopped fulfilling his feudal obligations. After the struggle for the Leonese crown, the new king decided to increase the influence within the province of Portucalense. Count Henry died in 1112 and Portucalense barons, who saw their independence declining, aligned themselves with Henry’s son and the heir to the province, Afonso Henriques. Supported by the barons and lower nobility, Afonso Henriques gained control of the province of Portucalense and won from the pope the title of King of Portugal. During the next decade territories had been gained, as it can be seen in the graph below, and in 1249 full sovereignty was established in an area corresponding roughly to its present boundaries. 
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Under Diniz (1261-1325), both the royal and mercantile marine developed considerably. Portuguese vessels sailed to France, Normandy, England, Spain, and the Mediterranean. King Diniz had a pine forest planted near Leiria to supply wood for ship building and encouraged the industry by conferring the privilege of knighthood upon its officers and artisans. He kept a regular fleet to guard against coastal pirates and was the first Portuguese monarch to establish a permanent and hereditary office of Admiral.
Under King Ferdinand I the Handsome (1345-1383), the Portuguese fleets began carrying artillery during Portugal's alliance with Castile against Aragon in 1359 and 1364. King Ferdinand I also granted a Letter of Privileges in 1377 that encouraged the growth of the mercantile marine. This was a turning point for Portuguese maritime history because a shipping company was created to promote overseas commerce, all the while insuring the availability of merchant vessels for the Crown during times of war. The Portuguese navy went on to suffer numerous losses in King Ferdinand I's various conflicts, which left it in a precarious state during the succession crisis that followed the king's death in 1383. His half brother, D. João, Master of the Military Order of Avis, stepped into the role of regent during this succession crisis, which motivated Castile's King Juan to invade Portugal. King Juan's army laid siege to Lisbon in 1384 but had to disengage after suffering heavy causalities. Portugal needed strong leadership to continue to fight off the ambitious Castilian king, and in 1385 the Portuguese Cortes proclaimed the 28-year-old Master of Avis as King João I. With the support of his kingdom and his English allies, the young king soundly defeated the Castilians at Aljubarrota, thereby securing Portugal's independence.

In May 1386, the Treaty of Windsor confirmed the alliance that was born at Aljubarrota between England and Portugal. Further on, King João I got married with the daughter of the Duke of Lancaster, Philippa of Lancaster, in order to strengthen the Anglo-Portuguese alliance. He applied himself to the task of stabilizing his kingdom, most important to this was the rebuilding and expansion of the royal navy and maritime commerce first of all with England. Prince Henry the Navigator, son of King João I, became the master of the Order of Avis and the instigator and organizer of the early voyages of discovery.
2.2. Factors in the Rise of Portugal
2.2.1. Economic and Social Conditions
Portugal was a very small country (89,000 km²) largely isolated from the rest of Europe, lying on the very periphery of south-western Europe, in the Iberian Peninsula. It long remained a basically feudal society that often engaged in warfare with the Muslims who had once occupied their lands and who were still their neighbours to the south and east, and with its Spanish Christian neighbours in Castile to the east. 
Beside that, Portugal was facing demographic problems, its small population, no more than a million before the Black Death, was much reduced afterwards, which implied a chronic problem of labour scarcity. It was an impoverished land with few resources, little arable land, and poor-quality soils. Like the Dutch to the north, the Portuguese were forced to turn to the sea, for both fishing and trade.
Its surprising expansion from the end of the 14th century was due chiefly to maritime trade and that maritime trade in return was conditioned by political factors.
2.2.2. General Reasons for the Rise of Portugal
Historical:

As Portugal was a poor country in terms of having poor resources of soil they were depending on the sea. Consequently, the Portuguese were gathering important knowledge of Atlantic winds, weather and tides. Even though nowadays it does not seem to be such a great knowledge it was crucial during medieval times. It has to be noted that during this period many explorations got lost or stuck because of the shipbuilding possibilities, in terms of changing directions, which will be discussed in a separate chapter. The importance of these skills was greatly enhanced by crown sponsorship of Atlantic explorations, research on navigation technology and documentation of maritime experience in the form of route maps with compass bearings and cartography. 
Social:

During the Muslim rule, Jewish merchants played a significant role for the commerce. Since they were persecuted in Spain they fled to Portugal providing it with important skills for developing business interest with the Muslim world. 
Geographical:

Portugal’s location on the South Atlantic coasts of Europe was a clear strategic benefit when exploring the world and developing marine trade. Its geographical position along the west coast of the Iberian Peninsula allowed the natural development of a seafaring tradition.
Slavery:

While slavery almost disappeared within Europe during the Middle Ages, Portugal was still depending on it due to its demographical problems. The population of Lisbon was made up of 10% Berbers and black slaves, providing Portugal with labor force. Even though it was a minor issue during this time, the importance of slavery grew rapidly during the Colonization period when the demand for labor force almost exploded. 
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2.2.3. Political Factors in the Rise of Portugal
For once Warfare and Civil wars have been beneficial. In 1383-85, a disputed succession had led to a revolt and civil war that freed Portugal from the domination of Castile, which was the largest Christian kingdom in Spain.
 The Battle of Aljubarotta in August 1385, destroyed much of the old nobility and established a new dynasty under João I of Aviz (1385-1433). During this time, the new Aviz dynasty developed very close to Lisbon's small mercantile bourgeoisie.
Its monarchy, which imposed a political and social unity rarely to be found elsewhere in Western Europe outside of England – and certainly not in neighboring Spain for another century, was the critical factor that made Portugal a forerunner in exploration. Its kings encouraged maritime trade and shipping ventures and the Crown gave every possible incentive by implementing tax privileges and insurance funds to protect the investments of ship owners and builders. Often, members of the aristocracy were also investors such as Prince Henry the Navigator. The aristocracy used their political position to facilitate the Crown's granting of royal sanctions that regulated the voyages of exploration made by the merchant community. Portugal was fortunate to have kings who recognised the kingdom's dependency on overseas trade and assisted in its expansion in every possible way. The stability of the monarchy was essential to the establishment of sustainable economic growth, thus the stability of the Portuguese monarchy gave the kingdom a seventy-year head start over the Spanish who were distracted by a civil war and the Reconquista of Granada. It was not until Columbus' voyage in 1492 that the Spanish were finally in a position to challenge Portugal's predominance in exploration.


In 1386, the new king, João I, secured a political alliance with England: the Treaty of Windsor, directed against Castile. This Anglo-Portuguese alliance was the turning point for a growing maritime commerce, based on Portugal's few resources. During this time, the chief domestic trading resources with which Portugal commenced northern trade were the following: wine, olive oil, citrus fruits, cork, bay salt and salted cod fish – caught in the Grand Banks.
2.3. Portuguese Maritime Expansion
2.3.1. The Initial Phase in the Early 15th Century – Henry the Navigator
Portugal's greatest resource was found in its skilled, venturesome mariners, but perhaps above all in the form of one person, Prince Henry the Navigator, who was the younger son of King João I.

Despite his best efforts, skilled mariners were chronically in short supply but he was very successful in improving their navigational skills, and in promoting and financing overseas explorations.

2.3.2. The Motives for Overseas Exploration and Commercial Expansion
Certainly important were economic motives, in particular, the quest for both gold and spices, which dominated long-distance trade over centuries. The most important reason during those times was a political one, which routs came from the Iberian Reconquista, a veritable crusade against the Moors (Muslims), a war carried on to their homeland in North Africa, Morocco.
2.3.3. The Initial Attack on Morocco and its Consequences - Maritime Exploration
In 1415, king João I and his son Prince Henry attacked the Moors (Muslims) in North Africa, capturing the Moroccan port and naval base of Ceuta. Reasons for the capture have been first of all the interest of church to fight against the Muslims and further on the economic benefits of controlling the Ceuta’s market. Further on, the new port made the North African slave trade possible and is considered as the beginning of Portugal’s maritime expansion. The possession of Ceuta allowed the Portuguese to dominate the Straits of Gibraltar and to enhance the safety of Portuguese trade.
2.3.4. The New Atlantic Colonies
By the 1440's, slavery had a profound recovery and this was due to the Portuguese "raid and trade" expansion down the West African coast. In 1448, more than one thousand Africans had been imported to Portugal, and this figure increased by 800 to 900 Africans a year. The unhealthy conditions were made worse by the common practice of overcrowding a ship in order to maximize profit. The longer the ship was at sea the higher the slave mortality rate. There was never any question that Africans would die during a voyage, only how many. Short voyages could expect a 5 to 10 percent mortality rate whereas longer voyages increased this number to up to 30 percent or higher.

By the end of the century this increase in the slave trade coincided with the arising cane fields in the Algarve and Madeira. This need for cane field labor changed the nature of Portuguese slavery from domestic servitude to plantation slavery. 
After the conquest of Ceuta, Prince Henry the Navigator continued to promote Portugal's early maritime activity. As the master of the Order of Avis, Prince Henry was able to draw on the vast resources of this group to equip ships and pay the expenses of the early maritime expeditions. Prince Henry was motivated by scientific curiosity and religious reasons, seeing the voyages as a continuation of the crusades against the Muslims and the conversion of new peoples to Christianity, as well as by the desire to open a sea route to India. 
By 1419, Prince Henry was sending naval expeditions down the coast of Morocco-Mauritania. They advanced much further south than the Italians had ever dared to do, to Cape Bojador (26° N) where the treacherous waters and unfavorable NE trade winds stopped their small, square-rigged ships.

The difficult homeward journeys, necessitated by those winds, have been proven to be beneficial, by leading to the rediscovery, conquest, and settlement of several Atlantic islands. The first Atlantic island was Madeira in 1425, and afterwards the Azores in 1427. The two sectors of the industry were cane plantations and sugar mills. Capital requirements were fairly substantial and the newest techniques were adopted in the mills. Instead of the large circular stone that was rolled over cut cane in the Venetian controlled mills, a new type of press with two cylindrical rollers was able to get more juice from the cane which no longer needed to be cut. By 1460's Madeira had become the largest single producer of sugar in the Western world. 
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Sugar Production by Area of Origin, 1456–1894 (metric tons)
3. The Revolution in Shipbuilding and Navigation
3.1. Overview of Navigation and Cartography History

3.1.1. Compass
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An early compass

The first compass was invented by the Chinese in the first century. Experiments with magnets and the compass were undertaken by Pierre de Maricourt in 1269. 

By around 1500 the marine compass became a commonplace tool of navigation. It was kept on deck in a binnacle, usually located near the helm that could be illuminated at night by means of a lamp burning olive oil. Although most ships were equipped with a magnetic compass, many captains did not understand why its needle pointed north. As a result of this lacking knowledge, compasses were often secretly kept on board a ship because some superstitious crew members could think that the vessel could be guided by sinister forces. 

A lodestone, a piece of magnetic oxide of iron, was needed to magnetise the compass needle. The needle did not point to magnetic north but to a wandering point in the Canadian Arctic. The difference between the true and the magnetic north was referred to as "variation". The Portuguese were capable of measuring and tabulating this variation by 1530. 

In 1575 Thomas Ruckert invented an instrument which recorded compass bearings on a paper tape.

3.1.2. Cartography
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Ptolemaic Style Map 1432

Around 120 AD, Claudius Ptolemaeus, one of the most influential Greek astronomers and geographers of his time, created "Geographica", the first Western map of the entire world which was based on a curved globe. According to Ptolemaeus, the world stretched from Iceland and the Canary Islands in the west, to Ceylon in the east, with a mass of unknown lands south of North Africa and beyond India. 

Between 500 and 1500 AD, known as the "Dark Ages"
, maps were based on religious beliefs or superstitions, so-called “maps of faith”. Medieval "mappae mundi" were composed of three continents enclosed by a circular ocean. These circular maps usually placed Jerusalem, the birthplace of Christianity, at the centre of the world, and East at the top.
 After 1250, measurements and observations were used to produce land maps and nautical charts instead of mythology and literary sources which was the custom before.

Around 1460 the invention of the printing press by Gutenberg accelerated the spread of cartographical information and led to the production of sea charts designed for use on board a ship. Navigational tables and ship plans were widely distributed as a result of this extraordinary invention and made it possible for more people to use, circulate and refine maps. Knowledge of coastlines, towns and country boundries permitted colonists and tax collectors to claim land, prepare for invasions, levy taxes and denote strategic defensive positions due to the increase in map-making.

During their voyages at sea in the 15th century, the mariners relied on charts, so-called "portolans" that probably originated in Venice or Genoa. The word "portolan" originates from the Italian word "portolani" and means medieval pilot books.
 In the early use of these books, portolani only consisted of maps of coastlines, ports, landmasses and river mouths. The knowledge to draw and write portolani came from observations which seamen had made over centuries. Technical advances improved the medieval pilot books' accuracy. Portuguese chartmakers added the meridian line which was an important point for latitude sailing as well as for sailing only by compass. In time, these improvements led to the fact that a portolan embodied a map which contained a network of lines that represented compass bearings.

Pedro Reinel, a Portuguese map-maker, first drew latitude scale on the prime meridian which was the starting point for measuring longitude in 1506. The Portuguese Madeira Islands were the first place where zero longitude was located. For more than 300 years these Portuguese Islands remained the point from which to measure longitude. 

In the 16th century Gerhard Mercator, a geographer and mathematician, developed an isogonic cylindrical projection which enabled a sphere to be mapped onto a flat plane. Unfortunately, he did not give any guidelines about how to use this revolutionised form of cartography. Edward Wright improved Mercator’s projection by adding new mathematical tables and instructions on plotting straight-line courses on maps which he published in "The Correction of Certain Errors in Navigation".

3.1.3. Cross Staff
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A cross staff

In the days of Columbus, a cross staff was able to measure the angle between the horizon and the North Star and, therefore, determine the latitude of a ship on Earth’s surface. A vertical slide member moved along a horizontal rule so that the tangent of the angle could be determined by sighting along the hypotenuse. The horizontal and vertical sides of the device could rule markings to calculate the angle’s tangent, hence angle calculation. The vertical member of the cross staff was fixed in length which is why the markings on that member could be ignored. The markings on the horizontal member consisted of the angle whose tangent represented the ratio of the two members. When the angle increased, the location of the marker ascended northward. When it decreased, the location of the latitude marker descended southward toward the equator. At the starting point of this particular navigation technique, the mariner had to first locate the Polar Star by finding the Big Dipper. This celestial navigation tool made it possible to calculate latitude without needing a log and the deadreckoning process.

3.1.4. Astrolabe

The astrolabe arrived in Spain from the East between 1000 and 1500 and served as one of the basic astronomical educational tools. "Rules of the Astrolabe" including information about the accurate date of the solar year, the sun’s position relative to the earth’s seasons and the height of the midday sun above the horizon made it scientifically possible to determine the accurate latitude in 1473. 

The Stella Maris represented the most important navigational tool to sailors because it was possible to read the height of the North Star on the scale when holding the astrolabe to the eye and sighting along its diameter. 
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Quadrant

The quadrant which was a quarter circle measuring 0 to 90 degrees marked around its curved edge, served as a common instrument in the process of determining latitude. Tiny holes or sights were on each end of its straight edges. A plumb line hung from the top. The sights on the Pole Star were lined up by the navigator and at a certain point the plumb line would hang straight down over the curved area. This is how the height of the star could be determined in latitudinal degrees. 

3.1.5. Speed of a Ship
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Log

The “Log” was used to measure the speed of a ship through the water. One member of the crew on board threw a chip of wood off the stern of the vessel to calculate the speed. "By judging how far the ship travelled before the object hit the water helped determine how fast the ship was moving."
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Rope

In time, this technique was modified by attaching a wooden float to a "stray" line, the so-called "logline". The log was tossed overboard after having tied knots at proportional distances to the rope. At the end of a specified period that was measured by a sand glass, speed was calculated by the number of knots that slipped through the fingers of the sailor holding the logline. Knowing the length of the rope which trailed behind the ship during the time it took for the hourglass’s sand to empty into the bottom portion of the timer, enabled the navigator to measure both the speed and distance travelled. This gave rise to the term "knots" to express nautical miles per hour, as it is still common today.
 Speed of sailing vessels varied considerably according to the speed of wind. During the days of Columbus, speed would average a little less than 4 knots per day. Eight knots were considered top speed. Transformed into miles this would mean that 90 to 100 miles per day was typical and 200 was seen as phenomenal.

3.1.6. Sand Hourglass
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Hourglass

The only reliable way to keep time on board was by measuring time with a sand hourglass.

3.2. Navigation Problems 

Portuguese navigators were confronted with some unexpected difficulties concerning their use of the astrolabe when they travelled closer to the equator. It became more and more difficult to indicate the height of the North Star in degrees latitude the closer the sailors approached the equator. The farther north a sailor travelled, the higher the Pole Star appeared in the sky. The farther south he sailed, the lower the star seemed in the sky. The star disappeared completely when navigators reached the equator. This problem was solved by observing and measuring the height of the mid-day sun which enabled the navigator to determine the ship’s latitude as well as the distance and direction which it was heading toward.

Measuring longitude posed another great problem because observations of the sun and stars were of no immediate help. It was not until the 18th century that a solution was found, namely the invention of the chronometer. Until then the sailors had to rely on dead-reckoning. As already mentioned before, the log and sand glass combination gave the speed of the ship, with the course being obtained from the compass. Each time the vessel changed its tack due to wind direction, time, distance and direction had to be recalculated. 
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A traverse board

A traverse board helped determine this zigzag plotting. Every half hour of a four hour watch, pegs were inserted to demonstrate course and estimated distance covered. The navigator interpreted this information and transferred it to his portolan chart. Longitude could now be estimated by the east-west distance travelled. Observations of the surroundings were also included in dead reckoning as well as wave patterns and cloud formations. This description explains how complicated and unreliable the process of determining a sailor’s course was.

Another reason why determining longitude presented such great difficulty was that the world maps in the 16th century were very inaccurate concerning the longitudes of places. For a better understanding, consider the following example, the east-west length of the Mediterranean erred by 19° which amounts to about 1,100 miles.

The cross staff navigational technique was confronted with some obvious handicaps when used at sea. Waves caused for movement of a vessel and hence the line in sight constantly changed. This tool could only accurately be used in very calm water. It was better to use a land based sight when implementing this technique. Another problem that existed was the difficulty in finding the Polar Star, which was an extension of the line formed by the vertical side of the Big Dipper opposite the handle.
[image: image13.png]



Location of the North Star (Polaris)

4. Seapower and Shipbuilding
Navigation always played a primary role in history. The power of its vessel often determined the future of an empire. But why was seapower so crucial for Portugal whereas for other empires it played only a minor role? Did the dependence on the seapower influence the knowledge and the dynamics of shipbuilding of the country? Did shipbuilding differ among different cultures? This section of our paper gives answers to the above questions by comparing the navigation of Portugal with the most advanced of the middle ages – China.

4.1. Reasons for the Development of Seapower

Alfred Thayer Mahan (1840–1914), an American naval officer, perceived that seapower was developed by the combination of (1) geographic position, (2) physical conformation, (3) extent of territory, (4) number of population, (5) character of the people, and (6) character of the government. While China is blessed with plenty of territory and a large population, the geographic position is to be largely surrounded by land, with sea trade routes not particularly convenient. The majority of the people lived far from the sea (the exception being the south coastal Chinese) and the governments through the ages were generally disinterested in the seapower or ocean commerce.

The motives of the Western sea explorers and the Eastern treasure fleets were very different. The Chinese were essentially on a dignified tour of the civilized world, initially perhaps in a search for the deposed emperor, but ultimately for the rich gifts of tribute and for the prestige. The Europeans, on the other hand, were engaged in their bitter war with Islam and working for profit. De Zurara, chronicler of Prince Henry the Navigator, lists these motives for Prince Henry in priority order: (1) Cosmographical knowledge, (2) Profit of traffic, (3) Commerce, (4) War versus Islam, (5) Missionary zeal, and (6) the Prince's famous horoscope.
 There were great economic considerations for the Europeans. In China, the economic considerations were reserved for the inland activities; overseas activities were wanton expenses without sufficient return demonstrated to warrant continuation. The Europeans were in competition with Islam and with each other; the Chinese acknowledged no competitors.

Although seapower was much more important for Portugal than for China, Western ships were not superior to the Eastern vessel. The following sections will therefore deal with the different ships of the two cultures and their technical characteristics.

4.2. Typical Ship Types

The subsequent section gives a brief description of the most common ship types in Portugal and China in the 14th and 15th century.
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1. The junk is a classic Chinese sailing vessel of ancient unknown origin which is today still in wide use. The name junk actually comes from the Portuguese term junco, which in turn was adapted from the Javanese word djong, meaning ship. Although the Chinese style of shipbuilding has undergone very little influence from outside cultures it was always advanced to other cultures.
 High sterned, with projecting bow, the junk carries up to five masts on which square sails are set consisting of panels of linen or matting flattened by bamboo strips. Each sail can be spread or closed at a pull, like a Venetian blind.
 Junks were flat-bottomed craft.

The characteristic hull design of the junk appears to have been developed between the first century BC and the third century AD. Axial rudders, for more effective steering, were developed by the first century AD. The use of battened sails seems to date from the twelfth century AD. A survey written by a Chinese government official in 1225 mentions junks with three or four masts that were equipped with compasses and could carry as many as 400 passengers.

Under the Ming Dynasty in the late 15th century, huge ships with a capacity of 1,500 tons were developed. The vessels exhibited many of the typical design features of the junk, but on a colossal scale. Some of the hulls of these ships had as many as 13 watertight compartments, which helped to keep the entire hull from flooding if damage occurred. The large ships of the Ming fleet were among the most lavish and seaworthy vessels afloat anywhere in the 15th century. With such craft, the Chinese were able to undertake trade and political expeditions around the Indian Ocean, even reaching the east coast of Africa.

[image: image15.png]



2a. The ships used in the early period of Portuguese exploration were called barcas and barinels but their square sails were clumsy and the ships were slow to respond. One reason for this was that in order to fill their sails properly these ships had to travel into the wind at a minimum angle of 67 degrees. Thus, once the ships were caught sailing into the wind, it was difficult, if not impossible, for them to turn around. The Portuguese quickly realised that a new type of ship and new sails were needed and modelled their new ships on this principle.
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The result was the caravel which was used for the next 300 years mainly by the Portuguese and Spanish as a merchant ship in order to explore Africa.
 The caravel was an improvement on older ships because it could sail very fast and also sail well into the wind (windward). Caravels were smaller and lighter than the later Spanish galleons (developed in the 16th century).
 The ships were about 30 metres long and could carry roughly 130 tons of cargo. The early models had two or three masts, up to five sails and an axled rudder. Later versions of the ship had four masts.
 At first, the sails were all lateen rigged but later square rigs were introduced. The hull was more streamlined than the older clinker style. Columbus's ships Nina and Pinta were caravels.
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3a. Another typical Portuguese merchant ship – the carrack – was characterised by a mizzen mast with triangular lateen sail placed toward the stern of the vessel, while a small square-rigged mast was placed to the fore of the main mast. The vessel had a massive ribbed skeleton, two or three decks, enclosed structures at the bow and stern (fore and stern castles), and a sternpost rudder for steering. These carracks could hold 1,000 tons of cargo. With their seaworthiness and copious capacity, fifteenth century carracks ranged from the Baltic to the eastern Mediterranean. The carrack, as exemplified by Columbus’s flagship, the Santa Maria, also proved eminently suitable for trans-oceanic travel, and so, it constituted the basic design upon which much of future European shipbuilding would be based.
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4.3. Shipbuilding Technology
At the time of the Ming Indian Ocean voyages (1405-1433), Chinese ocean-going technology was somewhat superior to the European, with the exception of navigation. In ship size, the Chinese had by far the larger ships. The largest ships of the Zheng He expeditions were about 500 feet long. The dimension of the ships given in Chinese histories was always subject to the accusation of exaggeration. However, in 1962, an actual rudder post of one of Zheng He's treasure ships was discovered at the site of one of the Ming shipyards near Nanking. This timber was 36.2 feet long, and when reverse engineered to typical proportions, this yields a ship length of 480 to 536 feet, depending upon different assumptions about the draught.
 In comparison, the ocean-going European ships of this period were considerably smaller, more typically 100 feet long (i.e. 1500 tons for Zheng He and perhaps 300 tons for the Portuguese explorers).

In compartmentation, the Chinese had a clear advantage, with large ships of up to thirteen watertight compartments for centuries prior the period of examination. Western ships were not provided with watertight compartments until the middle of the 19th century, after reports of Chinese compartmentation illuminated the advantages in surviving a hole in the ship's hull.
 

The Chinese had been using multi-masted ships for several centuries, while the Portuguese had just in the past century developed this innovation with their new, secret design caravel. In sail technology, the Europeans had long sufficed with square sail rigs on their ocean vessels, which were good running before the wind but unhandy in beating upwind. The Chinese had been using fore-and-aft lugsails since the 3rd century AD, and since the 9th century in ocean-going ships. Fore-and-aft lugsails are more efficient in beating upwind and thus the ships were long able to steer closer to the wind.

However, in the 15th century, the western and eastern sail technology was comparable. The mariner's compass, so crucial to navigation out of sight of land, was developed from the Chinese magnetized needle of the 8th century, and it travelled via land route to the Mediterranean where about the 12th century the Europeans or the Arabs developed the true mariner's compass (floating), but China soon received the improved model.
 So both East and West had the mariner's compass in the 15th century.

Stern post rudders, which are a significant advantage over steering oars in steering larger ships in tumultuous seas, were utilized in China as early as the 1st century AD whereas in Europe, they were first developed in the 14th century. In the 15th century, stern post rudders were available to both East and West. Knowledge of wind and sea currents was considerably more advanced in the West by the Portuguese and Dutch than by the Chinese in the 15th century.
 The West also had superior knowledge of celestial navigation, that advantage being shared by the Arabs; the Chinese were reduced to utilizing Islamic astronomers and mathematicians at the Imperial Observatory, but had not extended celestial work to the practical work of navigating as of yet. The Arab and the Portuguese cross-staff or balestilha developed in the 14th century, and the astrolabe for even better measurement of the angle of celestial objects in the early 15th century.
 In military technology, both East and West had cannon, armor and horses. 

In summary, before the 15th century, the Chinese were ahead in ocean-going ship technology, with larger compartmented ships and efficient fore-and-aft lugsails on multiple masts. In the 15th century, the Chinese and the Europeans were in rough overall parity. The Chinese were ahead in ship size and hull construction, and the Portuguese were ahead in the arts of navigation, and there was parity in sail technology (the Chinese with battened lugsails, the Portuguese with lateen sails). Neither had a distinct overall advantage. Both were technologically capable of great voyages of discovery, mercantile enterprise, and colonization. In tracing the developments, what is distinctive is that the rate of progress in nautical technology of the West was considerably faster than that of the East. By the 16th century, the West was clearly superior in ocean-going maritime technology. The reasons for this inferiority of the Chinese by that time will be explained in the section "The Fall of Chinese Seapower".

4.4. The Fall of Chinese Seapower

Over fifty years before the first intrepid Portuguese caravels inspired by Prince Henry the Navigator traversed the southern tip of Africa to first enter the Indian Ocean in 1488, fleets of hundreds of immense Chinese junks sent by the Ming Emperor Zhu Di traversed from the China Sea past Sumatra to Ceylon, India, Arabia and East Africa. Seven epic Chinese naval expeditions from 1405 to 1433 explored and brought under the Chinese tributary system the vast periphery of the Indian Ocean. However, less than a century after this Chinese maritime high water mark, it was a crime to even go to sea from China in a multi-masted ship. How could an empire have such a dramatic shift in nautical policy?

The demise of China's initially promising ocean-going technology and policies was based on several interrelated reasons. One element of the interrelated reasons is the centralization argument, that is, that China had centralized political unification that ultimately hindered broader based support for a long term maritime policy. Another reason is that there was a struggle in the Imperial court between the Confucian courtiers and the palace eunuchs, with seapower losing in parallel with its eunuch sponsors. Third, there was an internal Chinese court policy struggle between competing theories of the commercial and technology benefits of foreign trade, against the benefits in social purity of isolationism. Isolationism won. Fourth, the navy had become dependent in the 15th century on a meager set of maritime missions that were overly fragile and thus the Chinese navy was vulnerable to relatively minor changes in the strategic situation. The completion of the Grand Canal as a more efficient and safer means of grain transport is the primary event that engendered the demise of the Chinese ocean-going navy. And finally, that maritime threats were always considered secondary in China to continental or land-based threats, and thus in difficult economic times such as the middle Ming dynasty, the maritime solutions to national security (i.e. the navy) lost resources to the continental solutions (i.e. the army).
5. Impacts of the Revolution
5.1. Portugal and West Africa: Exploration, Trade and Colonization
From 1434, Portuguese mariners, financed by Prince Henry, began an unseen southward expansion, now generally using caravels which made it possible to reach Rio de Ouro in 1436, Cape Branco in 1442, just to the south Arguim island (Mauritania) and Cape Verde in 1445, the Gambia region in 1446, the Cape Verde Islands in 1454-55, and finally Sierra Leone in 1460, when Henry died.
During the 1470s a new wave of explorations brought the Portuguese further south to achieve new colonies to the so-called Guinea and Gold Coasts, and the Bights of Benin and Biafra. Later on, they acquired the rich islands of Fernando Po, Principé, and Sâo Tomé (near the equator).

In the same decade, Portugal also fought its final war with Castile (1474-79), gaining a significant victory which lead to the treaty of Alcaçovas.

In return for recognizing Castilian suzerainty over the Canary Islands, the Portuguese gained sole control over all the other Atlantic islands and the West African 'Guinea' trade. In 1481-82, to reinforce that implicit monopoly, the new king João II (John II) ordered the construction of the immense fortress at São Jorge da Mina (St. George of the gold mine) on the so-called Gold Coast of West Africa and it quickly replaced Arguim as the principal African commercial port.
 
Since the acquisition of the so-called Gold Coast, gold became the biggest source of income for the Portuguese crown. Other major items of West-African commerce have been slaves, malaguetta pepper, ivory and sugar, in roughly that order of importance.
Total gold exports of West Africa between 1471 and 1500 amounted to 17 tons (mainly from Sâo Jorge), and another 19 tons from 1500 to 1550, with a peak flow in the 1520s, which helped the Portuguese crown to finance its most expensive venture - the opening of a Cape route to Asian trade. The major Portuguese exports to Africa have been textiles, horses, guns and copper-ware goods. For almost a century, gold and not slaves was the most valuable commodity in Portugal's African trade. Slave trade has already long existed in Africa and was undoubtedly stimulated over the centuries by Arab traders from the north and from east Africa. In the 1440s, the Portuguese started to attack nomadic Touareg encampments and Senegalese villages. But very quickly, Portuguese crown-chartered trading companies found it more profitable to acquire both gold and slaves in well organized African markets. Further on, some African kingdoms effectively prevented the Portuguese from ever gaining any direct access to the gold production sites, thus forcing the Portuguese to acquire the gold through trade.
With highly organized, complex, market-oriented urban communities, the West Africans had an advantage in bargaining between their traditional Muslim-Saharan customers and the Portuguese newcomers. Therefore Portugal did succeed in diverting more gold flows from the Saharan to maritime routes.
By that time, the Portuguese were shifting their commercial resources to the even more lucrative Indian and East Indies trades.
5.2. Portugal and Asia: The Direct Sea Route to India and the East Indies
In 1482, while ordering the construction of Sâo Jorge da Mina, king João II (John II) also resumed Prince Henry's active sponsorship of maritime explorations along the African coast, specifically to seek a route to the Indies.
In 1497-98, Vasco da Gama sailed around South Africa (Cape of Good Hope), and directly across the western Indian Ocean, to reach Calicut, in search of Christians and spices.
Da Gama's safe return prompted King Manuel I (1495-1521) to send out two much larger and more powerful expeditions in 1500 and 1503, which established a permanent spice-trading factory at Cochin. King Manuel I soon imposed a royal monopoly over the Portuguese trade in Asian spices. To regulate the trade, he set up the Casa da India near Lisbon through which the crown organized the carreiras or shipping expeditions to India.

As early as 1501, Manuel I also established Antwerp as the official staple for the European distribution of spices that the Portuguese were now bringing back from Asia. Antwerp also offered the Portuguese the two most important trading goods for acquiring the Asian spices, silver and copper. Both metals, but especially silver, were much scarcer in Asia, where they commanded a purchasing power two to three times higher than in western Europe. Until the 1560s, spices totally dominated Portugal's Asian trade, whose composition differed little from Venetian commerce.

5.3. The Composition of the Portuguese Spice Trade
On average, pepper, primarily from Malabar and Sumatra, accounted for 85% of total import values; ginger (also from Malabar, Sumatra), for 6% and cinnamon (from Ceylon), for 2%. In Western Europe, imported pepper produced profits ranging from 90% to 150%. By any measure, the Asian spice trade, as a royal monopoly, became extremely profitable, accounting for about half the king's revenues by the 1520s. 

The Portuguese had gained their pre-eminence and consequent profits in the Asian spice trades, not by any commercial expertise but by the concerted use of military power. In the Indian Ocean, Portugal’s naval artillery soon proved to be irresistible.

Vasco da Gama, during the 1503 expedition (and acquiring Zanzibar), won the first European sea-battle in the Indian Ocean, perhaps the first ever to be decided exclusively by naval artillery. In this region, even in the Hindu rajas, Muslim Gujeratis (from NW India), Arabs, and Mamluk Egyptians almost completely controlled the western distribution of Asian spices. But their control over the Indian Ocean routes ended in 1509, when a crushing defeat upon a combined Mamluk-Gujerati fleet off Goa-Diu took place
.
In the space of just a few years, Portugal captured or occupied three strategic locations, which also included the principal spice suppliers for the Indian Ocean:

Goa, in 1510, to control the Malabar Coast and the western Indian Ocean; Malacca, in 1511, to dominate the Straits between the Indian Ocean, the Java Sea, and the South China Sea, and thus access to the East Indies (Sumatra-Java-Celebes- Moluccas), and finally Hormus, in 1515, an island that controlled the entrance to the Persian Gulf from the Gulf of Oman-Arabian Sea. Furthermore, Portugal enforced the royal monopoly by attacking any unlicensed ships in the Indian Ocean and forcing them to trade through Portuguese-dominated ports. Because of a chronic shortage of ships and manpower and constant battles in Asia, the Venetians were able to regain well over half (perhaps the much more profitable half) of the European spice trades by the 1550s.

6. Conclusion
Portugal’s domination during the explanatory age was mainly due to its outstanding performance in the shipbuilding industry as well as to its achievements in finding new navigation techniques. Portugal’s kings protected their unique skills against other countries which enabled them to increase their influence in the world. The neighboring countries did not have the political conditions which helped Portugal to maintain its position, further on, most of them where facing times of wars and were mainly concerned about their home country’s stability. Portugal’s natural restrictions did not change and by the time all other countries caught up with navigational and shipbuilding knowledge, Portugal’s economy had lost its dominance. When studying Portugal’s history it can be shown how a technological superior position can lead to a core competence and it indicates how crucial and decisive such comparative advantages can be.
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8. Appendix
8.1. Age of Exploration Vocabulary

ASTROLABE - (From the Greek "astrer" [star] and "labin" [to take].) An astronomical instrument used by ancient Greeks and others to measure the height above the horizon of celestial bodies. The Seaman's astrolabe was a simple device used for measuring the altitude of the sun or a star for fixing one's approximate latitude. It consists of a heavy brass ring fitted with an alidade or sighting rule pivoted at the center of the ring. Suspended vertically from a shackle at the top of the ring, the alidade was positioned to sight the sun or star and the angle was read off on-scale marks on the ring.

CARAVEL - A small three-masted vessel developed in the 14th century. This adaptable ship could be rigged with lateen- or square-rigged sails. The Ni§a was one of these.

CARVEL - The planks are laid close together on their edges, attached to the ribs to form a smooth exterior.

CARTOGRAPHER - Person who makes maps. Cartography is the science and practice of projecting by various methods an area of the Earth's surface on a flat plane, as a sheet of paper.

CHART - A map displaying various graphic representations. Often these are maps of waterways. Early versions of these water charts were called portolans.

CHIP LOG AND REEL - A device for measuring the speed of a vessel through the water. It consisted of a triangular piece of wood, weighted on one side and attached to a line with marked (knots) lengths. When thrown from the stern of a vessel the line was allowed to run out for a specified time. The number of knots that had come off the reel determined the vessel's speed. This traditional way of measuring is no longer used, but a ship's speed is still referred to in knots.

CHRONOMETER - A mechanical device for keeping time independent of ship's motion. See Captain Cook.

COMPASS - An instrument whose magnetized metal needle aligns itself with the magnetic fields of the earth. This causes one end of the needle to point north. Mariners used this information to navigate the ship. The Chinese are said to have invented the first compass over 2000 years ago. See Lodestone.

CROSS-STAFF - An early sixteenth-century instrument for measuring the altitude of a heavenly body. It consists of a square shaft and a sliding cross-piece set at right angles to the shaft. The shaft end is held at the observer's eye and the cross-piece positioned to line up with the sun and the horizon. The cross-piece marks a point on the shaft that is referred to in a table of degrees and minutes.

DEAD RECKONING - Deductive reckoning. Estimating location and speed using a variety of different methods including wind, waves, bird sightings, and current.

FOREMAST - The forwardmost mast on a vessel with three or more masts.

HAND LEAD AND LINE - A means of finding the depth of water near the coasts. It consists of a rope, with length markings, attached to a lead weight of about seven pounds. The lower end of the weight is cupped and filled with tallow. The depth of the water is equal to the length of line played out. The tallow picks up material from the bottom from which, after some experience, the location of the vessel can be determined.

HULL - The outer body or shell of a vessel, floating partially immersed in water and supporting the remainder of the vessel.

LATEEN RIGGED - A triangular sail set at an angle to a short mast. Northern Europeans who went to the Mediterranean named them after the word "latin."

LATITUDE - Imaginary lines running east to west on the surface of the earth. The latitude determines location north or south on the globe.

LODESTONE - (From the old English, "lad" [leader or guide], thus the guiding stone for mariners.) It is a magnetized piece of iron ore that can impart its north-south properties to an iron needle. This needle was then used to make a compass.

LONGITUDE - Imaginary lines that run north to south on the surface of the earth. The prime meridian is 0 degrees. Each 15 degrees of longitude equals one hour of time.

MAINMAST - On ships with two or more masts, it is the secondmast.

MAST - A vertical pole usually made of wood or metal that supports the sails.

MASTHEAD - The top of a lower mast to which a topmast is attached.

MERIDIAN - A great circle passing through the poles and denotedin degrees of longitude east and west of Greenwich, England.

MIZZENMAST - The third mast on ships with three or more masts.

NAO - Fourteenth-century square-rigged ship with two to four masts. In later times they achieved great size. Also called a carrack.

NORTH STAR - A second magnitude star found at the end of the handle of the Little Dipper and almost at the north celestial pole. Also called the Pole Star or Polaris.

PILOT - A person who navigates a vessel. Historically another name for Navigator, usually different from the Master or Captain. Today a Pilot navigates the ship in specific bodies of water.

QUADRANT - A simple instrument for determining the altitude of heavenly bodies It is a quarter of a circle with a plumb bob suspended from its apex. Held vertically and aligned with the sun or a star, the plumb line (string with a weight on it) falls across the scale of degree markings from 0-90 degrees on the curved edge, indicating the angle of elevation.

SAND GLASS - A device for measuring the passage of time aboard ship before developmentof the chronometer. It consists of two vacuum globes connected by a narrow neck. Sand runs from the top globe into the bottom one through the neck, emptying itself in a predetermined period of time. The sand inside was often made of ground eggshells or ground marble. Usually supplied to a ship in four sizes: half-minute, half-hour, one hour and four hour glasses. Also called an ampolletta.

SQUARE RIGGED - Square or rectangular sails on two or more masts.

STERN - The back of a vessel.

SUNDIAL - A device that when properly aligned projects the shadow of the sun on a scaled surface, thus indicating the time of day.

TRAVERSE BOARD - An old and approximate means for recording the course of a ship during a watch four-hour period of time. It consisted of a piece of wood marked out with a compass rose and eight holes bored along each point. Every half-hour (by sand-glass time) a peg was inserted into a hole marking the compass point on which the ship had run. At the end of the watch, the mean course during the watch was determined from the position of the eight pegs.
8.2. Map
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