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The Dengfeng Observatory and its comparisons to the Ulugh Beg Observatory in terms of sky’s cultural interpretations

Introduction

The sky is important in human civilization development, in prehistory, despite the primitive way of sky observation might be very basic and natural from today’s perspective. After gaining knowledge of the movement path of fixed stars, in many cultures, seeking the fixed stars was like searching a guide for directions when they got lost in the sea or the desert. The rituals of worship of the sky and divine were the seeds planted in human history among many ancient civilizations. Through the endless efforts of our ancestors in increasing agricultural productivity and enriching their culture and philosophy world, people’s knowledge of how the sky moves and the pattern of the fixed stars extensively progressed. To receive better results in stargazing and serve its cultural and political purpose, some ancient people were able to invent groundbreaking astronomy instruments and constructed advanced observatories to assist sky-watching activities, normally such actions are supported and organized by only the central power of the reigning power. This essay will work on the Dengfeng Observatory and the Ulugh Beg Observatory as two pieces of evidence to represent ancient people’s astronomy intelligence connected with buildings and nature. In spite of the two observatories being built less than one thousand years from today, a partial of the buildings were already missing, both monuments were the highlight of the Chinese and Islamic astronomy world, they set the milestones of astronomy in human civilization. Fabio Silvia stated ‘Archaeoastronomy is the study of how people have understood, conceptualized and used the phenomena in the sky and what role the sky played in their cultures, by analyzing their material remains.‘1 Therefore, this essay will study the sky eternity and the sky as an agent in both examples. Additionally, research results from numerous historians, astronomers, scholars, and archeologists, the cultural expression of the two observatories could be examined in depth.  As part of the UNESCO-listed monument sites, the two observatories were along the Silk Road of China and modern Uzbekistan, this essay will also cover the study of whether Chinese astronomy in the Yuan Dynasty had any impact on Islamic astronomy.

Main body

1. Purpose and function

Oxford Dictionary defines the observatory as ’A place from which astronomical observations are made; sometimes the name is also used for an administration building completely separate from the observing site.’2 The observatory was not only a place to monitor the celestial movements but also a sacred space for maintaining the cosmology harmony between heaven and human nature, only those who came to the throne held the legitimacy to organize such political activities. Besides understanding the Sun, the Moon and the movements of the planets requires specific astronomy and celestial knowledge, therefore, the target audience of the observatory discussed in this essay was not the general public, only people who received the leading astronomy training in such field could read and documents the data, by collecting the observation data, then consolidating and analyzing made the data as the foundation of the calendar system and the star chart. Stephen McCluskey declared the two functions of archaeoastronomical and ethnoastronomical study, ‘they provide complementary strands of evidence which enrich and strengthen our interpretations of a culture’s astronomical, calendric, and cosmological concepts and practices and of their roles in society.’3
1.1 History and Culture background

The Dengfeng Observatory is located at Gaocheng Town in Dengfeng County, Henan Province, China. Dengfeng County historically was the center of ancient China. The province Henan was called the Central Plain(中原) of China, where the Chinese civilizations first derived. The Dengfeng County was the capital of the Xia Dynasty (2469 -1543 B.C.E), named Yudu Yangcheng (禹都阳城). The Dengfeng Observatory was ordered by astronomer and Han Chinese scientist Guo Shoujing (1231-1316AD), who was later promoted to the Chief Astronomer at the Royal Court in the Yuan Dynasty (1271-1368AD). He made great contributions in overseeing such national projects in astronomy, inventing a couple of advanced astronomy instruments to improve the accuracy of the sky observations, managing and correcting the errors for the Granting Season calendar(授时历), which was the most advanced calendar over the times and lifetime of using this calendar lasted over to Ming Dynasty. The Dengfeng Observatory along with the Shaolin Temple, the sacred Mount Songshan, and the related monuments in the Dengfeng area under the scope of the UNESCO historical site of “The Center of Heaven and Earth” (天地之中). (UNESCO)The center idea of the Dengfeng Observatory could also be referred to its geographic location of the center of the Central Plain area in ancient China. This monument validated Nick Campion’s opinion that ’Astrology’s managerial function was assisted by ritual and architecture, both of which were connected by a shared emphasis on the exact alignment of human society with the heavens, as well as with features of terrestrial space, such as mountains.’4 From the above mentioned World Heritage list, it is not difficult to find a trace of the circulation of multiple Chinese religions in the Dengfeng area, Confucianism could be identified in the Songyang Academy, Taoism originated from the Mount Songshan and Buddhism rooted in Shaolin Temple, these three major religions impacted several generations, the cultural cognition and inheritance. These three religions played in a harmonious cord when the cultural atmosphere was inclusive and prosperous. 

Similarly, the Ulugh Beg Observatory was also equipped with distinct cultural characteristics. The Ulugh Beg observatory was located in the Northeast side of the city of Samarkand, at a mountain foot, in modern Uzbekistan. Samarkand City's 3000 years old history made it a well-known social, political, cultural, and economic center in Central Asia. In Samarkand, multiple cultures could be located in this city, such as Afrosiab, Shakhi-Zinda, Registan, Gur-Emir, and so on. In terms of religions, Islam, Buddhism, and Christianity are the most representative. The major monuments built in Samarkand were in the Timur ruling era, the Ulugh Beg Observatory started construction since the year 1420. The Ulugh Beg Observatory along with the Ulugh Beg Madrasa presented the Islamic civilizations and architectural achievements. The observatory was built in a circle shape with three floors. Outside of the observatory was decorated by glazed tiles, majolica, and mosaic, the style was close to the Ulugh Beg Madrasa, unfortunately, the constructions of the ground were destroyed, and only the sextant were preserved.5  The remaining part of the Ulugh Beg Observatory was found by a Russian explorer in the last century, the evacuation of the historical site was put in place for multiple times. As the grandson of the Timur Emperor, Ulugh Beg was also an excellent scientist and astronomer when he was a prince. When inspired by the Maragha Observatory, later on, he gathered smart talents to plan, design, and successfully put the Ulugh Beg Observatory onto the ground.

1.2 Cosmology

Stanisław Iwaniszewski mentioned that the way the cosmos is structured affected by people’s interaction with the environment, further explained by ‘the most explicit manifestation of the relationships between celestial phenomena and spatio-cultural categories is evident in the order manifest in monumental architecture and city plans, and time reckoning and calendars.’6 This essay will introduce the cosmology theory for both Chinese astronomy and Islamic astronomy respectively. 
Chinese astronomy has its own cosmology system which differed from prevailing theory in the western countries. Scholar Hanming Yan believed that “ The Center of Heaven and Earth” (天地之中) cultural meaning was a cultural reference memory to present traditional oriental cosmology. 7 There were three cosmology theories in ancient China, Gaitian Shuo(盖天说), Huntian Shuo(浑天说), and Xuanye Shuo(宣夜说). According to the astronomy observation history, Gaitian Shuo theory started from the Warring States period (475-221 BCE), the features of Gaitian Theory could be summarized as the heaven is round like an umbrella covers the earth; the earth is square, like a chessboard, the Sun, the Moon and the stars are on the umbrella surface and celestial movements occurred. This theory illustrated the direct visual impression when observing the sky and earth. With the development of Chinese astronomy, more scholars questioned and found the limitations in this Gaitian Theory, hence Huntian Theory came to the stage.8 In the Han Dynasty, the famous astronomer Zhang Heng (78-139AD) explained the Huntian theory as the earth as round, the heaven has two polar, the earth moves around the polar axis, north polar is visible above the horizon and the south polar is invisible beneath the horizon.9 which Joseph Needham pointed out this theory is ‘essentially recognition of the primary celestial spherical coordinates.’10 The Huntian Theory soon became the main theory of ancient Chinese cosmology and influenced the planning and design of the observatory instruments. In addition to this cosmology, it generated Wu Xing(五行), literarily translated as the five planets, which refers to the Mercury, Jupiter, Mars, Venus, and Saturn. Then it developed the Si Xiang (四象), the four directions of East, West, North, and South. Each direction was equipped with a designated Protégé. The word “Zhong(中)“, means the ”center“ in Chinese culture, Scholar Feng Shi stated that the “Zhong” came from the guibiao（圭表）, a solar shadow-based astronomy instrument that was the prototype of the Dengfeng Observatory. Following the idea of “Zhong” invented, it determined the synastry, and made the knot to bring the space theory and time sequence together. The observatory became the witness to document the cosmology impact on human society accordingly.11 It can be concluded that the Dengfeng Observatory was a good example to demonstrate the Huntian Theory, and its location and the direction approach matched with the “Wu Xing” and “Si Xiang”.

The Ulugh Beg Observatory might have witnessed Islamic cosmology last splendidly in medieval times. Islamic cosmology evolved with the world history progression, and the impact area is from West Europe to East Asia. Nick Campion believed there were two ways to define Islamic cosmology: ‘First is the cosmology derived from the Koran. Second is the wider cosmology of the Islamic, chiefly Arabic-speaking, world, which was influenced both by vernacular traditions and imported philosophies, such as Platonic and Aristotelian thought from classical Greece.’12 To support this idea, another scholar Paul Kunitzsch also pointed that  ‘Arabic-Islamic astronomers usually included in their writings either the complete catalogue of 1,025 stars, arranged in 48 constelations in the Ptolemaic tradition, or shorter tables of the most significant major stars for use on instruments.’13 It is inevitable that astronomers who worked at Ulugh Beg Observatory followed the Ptolemaic traditions to collect, populate, and fill in the information to concreate the final version of the Ulugh Beg astronomical tables. 
1.3 Political background 

Astrology and astronomy are two inseparable topics for many ancient civilizations. In ancient China astrology (astronomy) refers to two segments of ideas, one is “Tianwen“(天文), which means astronomy and astrology; another one is “Lifa”(历法), which represents the calendar creation. Ancient rulers needed to retrieve the authorization from heaven to mandate their ruling was legitimate. 14 The astronomy and astrology played a keep role in securing the ruling stability. Some scholars already discussed the astrology/astronomy connection with power, Nick Campion believed that astrology purpose is ‘management of the present in order to preserve harmony between the sky and Earth and maintain peace and stability.’15 Edwin C.Krupp also argued that, ‘fundamental power of the calendar—its ability to organize and maintain the other elements of a structured society—inevitably infiltrates the protocols of power’.16 The above theory illustrates the strong connection between ancient astronomy’s with the political environment at the time.

The Dengfeng Observatory was a good example to verify the above theories, it was built along with other 27 observatories under the order of the Mogal government and administrations. When the Yuan Dynasty was newly built, it faced the political situation of cultural and political ruling discrepancies of both the Han Chinese and the Islamic territory to keep harmony within human society. As a result, Han Chinese astronomy co-existed with Islamic astronomy in the royal court. There were three Royal Astronomer Institutions in the central court: “Huihui Sitianjian” (回回司天监), ”Sitianjian”(司天监) and ”Taishiju”(太史局), totally recruited the 267 professionals to support the astrology activities. The main scope of a professional astronomer could be summarized in these areas: (1) record the astronomy phenomenon and perform prediction and validation of any abnormality; (2) standardize a new calendar, correct and revise the calendar; (3) maintenance of royal astronomy instruments and books;(4) perform the Solar Eclipse rescue rituals.17  Above functions of an ancient astronomer made them a significant role in the center of political power. In addition, even in the Yuan Dynasty, astronomy study was an official activity, though, at the civil level, the Ying-Yang Masters existed, while they were not officially authorized and not allowed to perform star-gazing activities at the royal court-built observatories. Though later the policy was a bit inclusive in selecting some outstanding Ying-Yang Masters from the general public into the central court to attend the formal astronomer training and studies, still, the study subject of astronomy was encoded with political success for many emperors. 

When it came to the Ulugh Beg Observatory, the situation was slightly different. Unlike many other emperors, Ulugh Beg made great contributions to Islamic astronomy with his strong background in astronomy and academic expertise. Ulugh Beg was at the center of the political power, as the grandson of the Timur and he succeeded to the throne in the last two years of his life. Judith Thissen stated that ‘the giant quadrant in Samarkand was the prestige object of a new ruling dynasty.’18 When Ulugh Beg Observatory was planned and built, the emperor's ruling images were in fire and blood when they conquered massive land in central Asia and Persia, to make the ruling style more acceptable by improving the cultural atmosphere, under this scope, Ulugh Beg as a prince successfully made many of the cultural projects booming in the city of Samarkand. Though the age of his time, it past the Islamic Golden Age, the evidence still could be revealed from the Timur Empire’s effort to bring back the past Islamic glories and replicate them in Samarkand.  In Jean-Pierre Luminet’s opinion, Ulugh Beg ‘was instrumental in the “Timurid Renaissance”, a brilliant but ephermal time when arts, science, and culture flourished in the Muslim world.’19
Some scholars realized the strong connection between the Ulugh Beg Madrasa and Ulugh Beg Observatory, for example, Hasan Umut believed that ‘the simultaneous founding and construction of the madrasa and observatory had to do with the fact that Ulugh Beg and his scholars paid particular attention to the investigation of nature through the mathematical and astral sciences.’20) The Ulugh Beg Madrasa was built under a brilliant education concept similar to today's “open university”, recruiting and sponsoring outstanding individuals, allowing their knowledge to be circulated among the Ulugh Beg Madrasa. The existence of the Ulugh Beg Madrasa allowed students to study and grow with the best scholars in Islam. Students were provided the opportunity to study and grow with leading Islamic scholars, and experts in their fields who later became part of Ulugh Beg's think tank, most notably the mathematician Al-Kashi, who was first and foremost the principal of the Ulugh Beg Madrasa, and he was the practical person to oversee the Ulugh Beg Observatory for the first ten years before his death. The success of Ulugh Beg Observatory was credited to his achievement in mathematical astronomy, such as correcting errors in previous observatory models and drawing the original prototype of the Ulugh Beg Observatory function model. This observatory is the jewel of Islamic civilization in both the architectural and cultural fields, and it is the apex of Islamic astrology as a whole, although the observatory was being abandoned after the tragic murder of Ulugh Beg, fortunately, another great astronomer Alī al-Qūshjī was able to fled away from the chaos after Ulugh Beg’s pass away, and he continued to work on the Ulugh Beg Observatory daily records, to finish the astronomical tables under Ulugh Beg’s name.

2. Sky as eternal

In ancient China, the sky (heaven) was seen as a sacred, enormous place with no ending, and the ruler of the dynasty was called the “son of the heaven”(天子). If the emperor’s service to the kingdom and heaven were harmonious, then the kingdom would exist as long as possible. On the contrary, if the emperor abandoned his vows to serve the people, then the country might become chaos and fall into war, and a new emperor would come to the stage.  Then in the newly established dynasty, the emperor was keen to consult astronomers on how to get validation or authorization from heaven. What’s more, the astronomers normally cooperated with the new emperor to make connections between astronomical phenomena with the dynasty shifting, in this way, people treated him as the formal monarch who spoke for heaven. In addition, the emperor organized the astronomer to set up the “Lingtai”(灵台), the royal observatory, to perform stargazing and communicate with heaven, only the emperor approved by heaven is authorized to do so.21 From this viewpoint, it could be concluded that the emperor or dynasties might change, while the heaven divination power is eternal. The Dengfeng Observatory was built from the year 1276-1280, only five years after the Yuan Dynasty unified the whole China’s territory, this observatory was among other national astronomer constructions. Under these circumstances, it was not difficult to reproduce the image of how the Mongols’s efforts to receive political recognition from Han Chinese. By using the philosophy of Confucianism cosmology, they were the new representative of heaven, now it’s their turn to rule the China area.

The winter solstice was counted as the beginning of an astronomical year in ancient China; therefore, the observation of the winter solstice played an important role in exam astronomers. In other words, the accuracy of the winter solstice calculation will determine the quality of the solar terms forecast.  To calculate the length of one year, simply use the exact moment of the winter solstice of this year minus the time of last year. After determining the year length, the ancient Chinese divided the whole year length into 24 equal terms, which are called 24 solar terms, among them the most important ones are summer and winter solstice as well as the spring and autumn equinox. 22 The 24 solar terms impacted ancient Chinese people to plan and perform agricultural activities, some of the term's names are directly associated with certain agricultural terminologies. Therefore, the consistency of the sky and celestial movements represent the sky’s eternity at the physical stage. 

While the Ulugh Beg Observatory was influenced by the Ptolemaic system, the evidence was laid in Islamic Zij, a collective astronomical table, its origins from Indian, pre-Islamic Persian, and Greek sources—especially Claudius Ptolemy’s Almagest and Handy Tables. It could be identified from the Zij category, such as ‘spherical astronomy (duration of daylight, celestial coordinates transformation, etc .), solar, lunar, and planetary theories for their longitudinal and latitudinal motions… planetary stations and retrograde motions, the solar and lunar parallax.’23
3. Sky as agent

When ancient people observed the sky for continuous time day and night, they inevitably noticed that the stars in the sky move in a cycle. The Sun, the Moon, and the Stars all follow a certain track in the sky to move consistently.  The trained astronomers at both Dengfeng Observatory and Ulugh Beg Observatory performed star observations to measure and document the cycle and patterns, based on the measurements results, advanced mathematical astronomy calculations were able to develop accordingly. 
There were three main functions of the gnomon in ancient China, (1) to determine the space direction; (2) to measure the solar terms point, ancient Chinese caught the patterns of the longest sunlight shadow on the day of winter solstice and shortest shadow was on the summer solstice; (3) to measure the time of the day, the shadow of the sunlight laid on different orientations in a day.24 Joseph Needham pointed out the difference between Chinese astronomy from the Western world by ‘(a) it was polar and equatorial rather than planetary and ecliptic, (b) it was an activity of the bureaucratic state.’25 These two features ensured the consistency of Ancient Chinese observations, ancient Chinese used the sky as an agent, to observe the light change, such as documenting the sunlight shadows length track on the gnomon, the more precise the measurements results, the more accurate the calendar raw data is generated. 
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Figure 1. The Dengfeng Observatory, UNESCO
The Dengfeng observatory was made of bricks and stones. Figure 1. shows the Dengfeng Observatory site from the southeast corner view. It was built on a four-angled squared platform, each side faced the absolute East, West, North, and South. On top of the building, there was a small chamber on the north, the other three sides were walls. There was an opening gate on the south side, the stargazers could ascend to the top of the observatory through the 60-step stairs on the gate wings. The stone surface to the upper edge of the straight wall is 12 meters high. There was a groove perpendicular to the ground in the center of the north wall, with the east and west sides of the groove tilting slightly outward, and the upper end of the groove was level with the top of the platform, which met the middle of the chamber, and there is no front or back wall to block the light, in this way, the sunlight could reach the upper end of the groove directly. To read the chart is watching the shadow of the beam on the opening fall onto the scale on the surface at noon, the length of the shadow of the 40-foot high watch at noon on that day.26
One of the prominent results from the Dengfeng Observatory was it allowed astronomer Guo Shoujing to create the most advanced calendar which impacted the next dynasty for over 300 years. Clive L. N. Ruggles illustrates that ‘Calendars that sought to specify time intervals in days, or larger units, concerning astronomical phenomena could reach extraordinary levels of precision and complexity, depending on social motivations and technical capabilities. ‘27 To make it more specific, Xiaochun Sun claims that ‘The Chinese calendar (li历)was a system of mathematical astronomy that included mathematical techniques for the computation of celestial movements. It was the basis for producing astronomical ephemerides and annual almanacs.’28 There were around 100 calendars in Chinese history,  Sivin commented Season Granting Calendar (授时历) as ‘a new system organized by imperial favourites commanded exceptional resources that enabled exceptional innovation. This was the genesis of the most sophisticated and longest lived of China’s systems.’ 29
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Figure 2. The two parallel arcs at the Ulugh Beg Observatory, UNESCO

The Ulugh Beg Observatory was believed built under the idea of Al-Kashi’s treatise.30  The Ulugh Beg Observatory consisted of a cylindrical building with three floors with 48 metres in diameter and reached a height above ground of 45 meters. Figure 2. Illustrates that there are two parallel arcs with an indication of degree under the ground. 31 Alain Juhel mentioned that three kinds of information were obtained from the Ulugh Beg Observatory's daily operations: ‘(1) The duration of the year (2).The sidereal period of planets (the table below gives the measure of the arc described by a planet during one year on Earth) (3) The obliquity of the Ecliptic, measuring the angle between the Earth's axis and the normal vector to the ecliptic plane.’32 The schedule of the observation activities was divided by monitoring the Sun, the Moon, the Planets, and other stars.

4.The impact on the Silk Road astronomy culture

Azim Nanji  mentioned that ‘The history of religions along the Silk Road is a remarkable illustration of how beliefs and indeed civilizations often reflect a broad pattern of synthesis, rather than clash.’33 Around the year when Guo Shoujing began to build the Dengfeng Observatory in the middle of the 13th century, in the Central Asia Ilkhanate, the Maragha Observatory was about to complete, as mentioned before, Ulugh Beg Observatory received inspirations from this outstanding Maragha Observatory from the Islamic Golden Age. Ilkhanate and its predecessors already had some cultural and astronomical exchanges with China. In historical records, the most famous person from China who came to Central Asia was called Yelü Chucai, he was the advisor to Genghis Khan. When Yelü Chucai visited Central Asia, he realized that the original Chinese calendar was not adapted to the local conditions, so he proposed creating a calendar for Muslims. In the court of the Ilkhanate, there was an astronomer from Beijing, China, who would have shared the Chinese astronomical cosmology and calculation methods with his colleagues in the Ilkhanate.34 

Dror Weil believed that ‘Arabo-Persian Astronomy under the Yuan Dynasty Movement of knowledge across Asia had a long history that begins far earlier than the rise of Islam or the establishment of the Mongol Empire.’35 Although the Ulgh Beg Observatory did not appear to have been directly influenced by the Dengfeng Observatory of the Yuan Dynasty. However, the Dengfeng Observatory, as a part of the 27 astronomical observatories of the Yuan Dynasty, contributed to the accumulation and summarization of the astronomical knowledge of the Yuan Dynasty. What’s more, Dengfeng Observatory was the oldest surviving well-preserved astronomical observatory in China, it provided future generations with a direct source of material for learning the astronomy of the Yuan Dynasty. The Yuan Dynasty was a period of Mongolian rule in China, and the Ilkhanate was created by Genghis Khan’s grandson Hūlāgū. The strong kinship between the Yuan Dynasty and Ilkhanate made the exchanges of culture, commerce, science, and technology more feasible for these two civilizations on the Silk Road. Then based on this evidence, even after around 150 years, since the Ulugh Beg Observatory started construction, we could summarize that Chinese astronomy somehow influenced it.

Conclusion
Although the Dengfeng Observatory and the Ulug Beg Observatory served different cultures in different countries, different regimes, and different styles of observatory construction. The two historic sites were representatives of the astronomical culture of the world's cultural heritage, demonstrating the excellent wisdom of mankind and putting the knowledge of astronomy at the service of the regimes. The two observatory creators, Guo Shoujing and Ulugh Beg, presented their exceptional talents in the astronomical field, and their contributions were phenomenal. The impact of their scientific results benefited their own countries for quite a long time. Especially Ulugh Beg, also served the Timur kingdom later as a ruler, largely ensuring the success of the Ulugh Beg Observatory despite the complex and size constraints of the Ulugh Beg Observatory. They focused on inventing more accurate astronomical instruments and the continuous progress of astronomical knowledge. The celestial movements including the Sun, the Moon, and the Stars, both observations of the sky happened day and night. It could be imagined how enchantment it was, in the two nations thousand miles apart, the brilliant ideas echoed to build an observatory to explore the eternal universe. The sky was the agent of observation and an infinite source of inspiration for the two observatories. Under professional astrologers' continuous observation input, they consolidated and transformed the original raw astronomical data into genius astronomical masterpieces, such as calendars and the Ulugh Beg ephemeris. The time gap between the two observatories was close to 150 years, while it was the encounter of two civilizations' astronomical knowledge on the Silk Road.
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