
1  
INTRODUCTION

1.1  
Statement of purpose

The purpose of the research carried out for this thesis is to record and assess the practice of using stars to time the allocation of irrigation water in Oman before it completely disappears.  A further aim is to increase awareness both in Oman and internationally about this ancient and now unusual practice on which very little has been written previously.

1.2  
Organisation of the Thesis

The thesis is presented in four sections:

i
Introductory





Chapters 1 to 6;

ii
Presentation and analysis of information

Chapters 7 to 12 ;

iii
Discussion and conclusions




Chapter 13 and 14;

iv
Reference information including appendices, a glossary and bibliography of cited works.

The introductory section starts in this chapter with a statement of purpose, a description of the organisation of the thesis, reference material needed to follow the text, and acknowledgements. Chapter 2 provides an outline of the objectives and significance of the research, with a description of its scope and the programme of the research including the selection of study areas, methods of collecting and interpreting information, tools used and constraints on the type and quality of information collected. Documentary sources of information including the available literature are reviewed in terms of their significance to the thesis in Chapter 3, while in Chapter 4 the conceptual framework for the study is explained.  The basics of astronomy and its history are given in Chapter 5, and in Chapter 6 the irrigation systems that are the subject of this study are described in general terms.  Chapters 5 and 6 provide an essential basis for understanding and interpreting the information collected during this study.

Chapters 7 to 12 present the detailed information collected in the study areas. Chapter 13 draws together the assessments made in individual chapters and expands on them, relating them to each other and information from elsewhere, while Chapter 14 relates the findings to the conceptual framework and the research questions and objectives.

1.3  
System of transliteration of Arabic words

Arabic words are generally romanised using the Library of Congress system below, with a few extra vowels to more closely represent for the spoken language given in square brackets. 
          Consonants

                Vowels

	’
	ء
	t
	ط
	
	long

	b
	ب
	z
	ظ
	
	ā [ē]
	ا

	t
	ت
	c
	ع
	
	ū
	و

	th
	ث
	gh
	غ
	
	ī
	ي

	j [g,y]
	ج
	f
	ف
	
	doubled

	h
	ح
	q
	ق
	
	uww (final ū)
	وّ

	kh
	خ
	k
	ك
	
	iyy (final ī)
	يّ

	d
	د
	l
	ل
	
	short

	dh
	ذ
	m
	م
	
	a [e])
	َ

	r
	ر
	n
	ن
	
	u, [o]
	ُ

	z
	ز
	h
	ه
	
	i, [e]
	ِ

	s
	س
	w
	و
	
	a (t in construct)
	ة

	sh
	ش
	y
	ي
	
	dipthongs

	s
	ص
	
	
	
	ay
	َيْ

	d
	ض
	
	
	
	aw, (ō)
	َوْ


Exceptions are conventional spellings of place names (eg towns, villages and aflāj) and personal names. Nisba endings (relative adjectives describing a person as “of” a particular place or attribute) for proper nouns are, therefore, given as /i/ not /ī/, and the letter cayn and the definite article /al-/ are often dropped at the beginning of a word.  Some little used Arabic plurals, such as sihām (pl. of sahm) and āthār (pl. of athar), both water/time divisions, are given as the singular with an “s” after, as in athars.    

Where local pronunciation differs from Modern Standard Arabic (MSA), the sound is given in the closest possible English equivalent.  For example, the letter alif is transcribed as /ē/ for the spoken long vowel between those in “fast” and “bled”, as in Yēh for the star Polaris (هلجاا). The hard jīm, transcribed as /g/, is widely used in Oman except for certain words, such as najm (star) and in many star names; sometimes it is pronounced as /y/ (as in nayūm for nujūm – stars). However many words spoken with a hard jīm, such as ḥajar (rock) and falaj (the irrigation system that is the subject of this work) are commonly transcribed with /j/ and not /g/, and this custom is followed here, which means that the romanised form is not necessarily a guide to pronunciation. The sounds /dh/, /ḍ/ and /z/ cannot always be distinguished, and at the ends of words, tā’ marbūta, alif, alif maqṣūra and hamza preceded by alif or fatḥa are often indistinguishable in speech, which has led to a variety of written forms.  

For citations and bibliographical references, the names of Arab authors writing in English are given as commonly seen in print, with the article /Al-/ preceding the family/tribal name, and no diacriticals, as in Al-Ghafri. By contrast, for authors of mediaeval and modern Arabic texts, the article /al-/ and full diacriticals are given, as in al-Kindī. For words starting with letters that replace the /l/ of the article, the transcription of speech gives the sound as heard, as in ath-Thurayyā. 
Transliterated or transcribed words are given in italics, with the exception of proper nouns and words that have entered the English language, such as wadi (an ephemeral river or stream and its valley).  Although the term falaj has appeared in Chambers Dictionary since 1988, it is not in common use and has therefore been italicised.
The presentation of Omani personal names varies. The formal form with several generations each preceded by bin (son of) is not always used: among professionals it is now common to drop the bins and have only the first name and family/tribal group name, as in Hamad Al-Hatmi.  In less formal surroundings, as in study villages where there is only one tribal group, people are often called by their first name and that of their father, again with no bin, as in Saif Salim. 
1.4  
Abbreviations

Abbreviations in common use, such as for dating systems, are given in full here but not in the text. Others, such as Ministry names, are given in full on the first use in each chapter and listed here in addition for ease of reference.

AD

Anno Domini 

AH

Anno Hijrae 
ASL


above (mean) sea level

BC


before Christ

BP

before present

C


century, centuries

CA


Classical Arabic

GPS


global positioning satellite equipment

HAO


Historical Association of Oman

K


Kelvin: scale of absolute temperature (0 Kelvin = -273.16o Celsius)

MHC 

Ministry of Heritage and Culture, Oman
MRW

Ministry of Water Resources, Oman
MRMWER
Ministry of Regional Municipalities, Environment and Water Resources, Oman
MRM&WR
Ministry of Regional Municipalities and Water Resources, Oman
MSA

Modern Standard Arabic

SQU

Sultan Qaboos University, Oman
UAE

United Arab Emirates
N

north

S

south

E

east

W

west

b.

bin (son of); for authors of Arabic texts and historical figures
c.

circa (approximately)
contd.

continued
d

day
d.

died

ha

hectare
hr

hour
m

metre
min

minute

n.k.

not known

pl.

plural

s.

singular

The use of the abbreviations MRW, MRMEWR and MRM&WR needs further explanation:

· In 1999 the Ministry of Water Resources (MWR) took over responsibility for water resource assessment, improvement and regulation;

· In 2001, the MWR became the water resources section of the Ministry of Regional Municipalities, Environment and Water Resources (MRMEWR);

· In 2007, the environment section was established as a separate ministry, leaving the water resources section in the Ministry of Regional Municipalities and Water Resources (MRM&WR).  
Whichever the organisation, it is the water resources section that I have been dealing with during this research.  The title Ministry of Water Resources and the abbreviation MWR are therefore used throughout this text to refer to all three organisations. The official titles are, however, retained for reference to specific publications.
For dates related to activities or literature in the Muslim world, Hijrī dates precede dates in the Christian calendar, for example 4th/10th C means 4th century  AH and 10th century AD. Single dates refer to the Christian calendar, eg 20th C means the 20th century AD.
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2  
OUTLINE OF THE RESEARCH 

This chapter gives a brief introduction to Oman, followed by an outline of the objectives and significance of the research and then a description of the scope and programme of works including the selection of study areas, methods of collecting information, tools used and constraints on the type and quality of information obtained.  The methods used for interpreting the information collected are explained.

2.1  
Geographical setting

The Sultanate of Oman occupies an area of 309,500 square km (Ministry of Information, 2007) in the east of the Arabian Peninsula.  It straddles the Tropic of Cancer and is bordered to the west by the United Arab Emirates and the Kingdom of Saudi Arabia, to the south by the Yemen Arab Republic, and to the west by the Gulf of Oman and the Indian Ocean.  The location is shown in Figure 2.1.

The main physical regions are:

· mountain ranges: the Hajar Mountains, which run parallel to the coast in the north of the country, and the Dhofar Mountains in the south, which run parallel to the coast inland of the Salalah plain;

· foothills of the mountains and gravel outwash plains: mainly in the north of the country, south of the Hajar Mountains;

· stony desert plains (the Nejd), occupying much of the interior;

· sand seas: in the west, the eastern part of the Rub al-Khali, and in the north west, the Wahiba Sands;

· coastal plains of which the Batinah in the north is the most extensive.
The annual average rainfall is 100 mm/yr or less over most of the country, rising to 350 mm/yr in the mountains (MRMEWR, 2005: 26).  In the south of the country most precipitation occurs during the summer monsoon, between June and September, while in the mountains in the north rain may fall at any time of year. Potential evapotranspiration is much greater than the rainfall, reaching approximately 3 m per annum.
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From the 3rd millennium BC, Oman has been an important centre for maritime trade (eg Agius, 2008) and is known for her export of copper from the earliest times.  She has, therefore, had access to the culture and technology of all of the great Old World civilisations throughout her history. Oil was discovered in the early 1950s and was first exported in the 2nd half of the 1960s.  Before His Majesty Sultan Qaboos succeeded his father in 1970, the country had only 3 non-Qur’ānic schools, 10 km of tarmac road and a population of 658,000 (Ministry of Information, 2007). From 1970 development was rapid, with the establishment of government schools and health care for all.
2.2 Objectives and significance of the research

I first became interested in the use of stars in Oman in March 2005 when I took part in the Al-Hajar archaeological project,
 which was investigating oasis settlements in the north of country.  My role was to collect information on the management of traditional irrigation systems called aflāj (s. falaj) in use today. 

The allocation of falaj water among farmers once depended almost everywhere on the use of the sun and the stars to track the passage of time.  This practice, and particularly the use of stars, is fast disappearing, together with the knowledge about the stars and how they are used: of approximately fifteen falaj systems visited in March 2005, stars were used only for one.  It is therefore important to the cultural heritage of Oman and the Arabian Peninsula to record where, how and why stars are still used and to develop an understanding of this ancient practice.

The purpose of the research is to record and assess the practice of using stars to time the allocation of irrigation water in Oman before it dies out, and in sufficient detail to be able to replicate the system of stargazing should it disappear in the future.  A further aim is to increase awareness both in Oman and internationally about this important cultural aspect of water management.

This is the first time that anyone has identified many of the stars used for the aflāj in Oman by their international names, or described in detail the methods used for telling the time by stars.  It therefore represents a significant contribution to the knowledge of, and provides a unique resource for people interested in, the cultural history and folk astronomy of the Arabian Peninsula. 

The research aims to address the following questions, which are considered in more detail in section 4.1:

How do the farmers use the stars to distribute water?

Knowledge of the methods used to tell time by the stars, to determine when individuals can use water at night, is fast disappearing.  Recording which stars people watch and how they watch them is fundamental to the research.

Where and why are stars still used for this purpose?

The ready availability of watches mean that there is now little technical reason to use the stars.  Knowledge of where stars are used may help in understanding why they are still used. 
2.3 Study areas and their selection

The villages selected for the study of stargazing are in two separate areas, shown in Figure 2.2.  The first is the area of Al Hamra, a town close to the mountains in the Dakhiliyah (Interior) Region.  The second area is about 80 km from the mountains near the town of Mudaybi in the Sharqiyah (Eastern) Region. Zahib, near Mudaybi, was identified for inclusion in March 2005.  Given the large numbers of falaj systems still in use in Oman (Chapter 6), it was considered impracticable to identify every other settlement still using stars.  In addition, the programme for the PhD did not allow the time to study more than a few villages at the level of detail needed to meet the aims of the research.  It was therefore decided to focus on:
· the area south of the Hajar Mountains, which is less affected by modern developments, such as irrigation by pumped wells, than to the north, and

· falaj systems that have not already been studied in any detail, even if not for the method of stargazing.
The search for other falaj systems to include in the study started in Bahla, where there was a support base of people willing to help me following my stay with the Al-Hajar Archaeological Project.  Qarya was the only village found in the areas of Bahla and Al Hamra, as defined by the responsibilities of the Ministry of Water Resources (MWR), to be still using stars for the falaj water distribution.  I therefore decided to collect information about the former use of stars in a few nearby [image: image6.png]
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Several people consulted in the initial stages of the search told me of places still using the stars.  I checked many of these unsuccessfully, including Birkat al-Mawz near Izki, Mintirib in Bediya District, Habbi near Bahla and Sinaw near Mudaybi.  However, Ibrahim Al-Namani, a technician in the water resources section of the Ministry of Water Resources (MWR) in Mudaybi knew of several villages in the area in addition to Zahib using stars and identified three others: Al Fath, Sudayra and Barzaman.   As far as we could ascertain, all of the other settlements in that area have changed to the use of watches.  Having obtained the agreement of the falaj officials in Qarya and the four villages near Mudaybi to study their systems and methods of stargazing, I drew a halt to the search.  
2.4 Method of collecting information

Primary sources of information used in this study comprise data collected in the field and manuscripts written by the falaj communities. Secondary sources comprise the available literature on aflāj, their construction and organisation, and on astronomy and the use of stars in the region of the Arabian Peninsula. There are few records of telling the time by stars, so the main source of information is data collected in the field, interviewing falaj managers and stargazers, and watching the stars with them.
The age of people interviewed was recorded as an indicator of their experience, and because age and failing eyesight have been mentioned in the literature as one reason why stars are no longer used in many places (eg Al-Shaqsi 1996:84). Although I was not comfortable asking the age of interviewees, Omanis are not shy about their age.  However, some people older than c. 50 years were unsure of their age since records of births were not usually made. An extreme example of this is Hamad bin Shinun Al-Hashmi in Sudayra, who, in October 2007, thought he could be in his 50s, 60s or 70s.  His wife did not think he was as old as 70, so we agreed on 60s for the purpose of my work. 
Times during the study when stars could be watched at night were limited by cloudy skies, the moon when nearly full, and light and dust pollution.  Since it was not possible to predict when the sky would be clear, periods of field work were based on convenience – to avoid the hot summer months and Ramadan as far as possible, when field work would be difficult; and to be present at different times of year to see the different stars. 

Introductions to falaj officials were most frequently made by a representative of the MWR in the area, either in person (eg Figure 2.3) or by telephone.  Following the introduction, interviews were usually carried out on my own, partly in order not to put too much strain on the resources of the MWR but also to develop my own relationships with the villagers and collect and absorb information at my own (slow) pace. In traditional households, Omani women generally do not meet men outside their immediate family. However, foreign females, unlike males, are free to mix with both men and women in their houses, resulting in a relaxed atmosphere during interviews.  The interviews were relatively informal, usually carried out in people’s houses or gardens, or at the locations used for stargazing, where the methods of watching the stars were demonstrated to me. I did not use a questionnaire in order to avoid imposing too much control over the flow of discussion and missing critical information.  However, after visiting each village about twice, I made a check list of areas of information needed to obtain a similar scope of information from them. Sound recordings were made mainly indoors when talking about star names and falaj organisation. Photographs of people were only taken with the permission of the subject and all photographs presented in this work are by the author unless otherwise stated.
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Many interviews were carried out by day, when it was easier to see any markers used at night and to write down information on star names and timings.  Day visits were also used to collect information on falaj organisation and water ownership.  Night visits were most often used to confirm the information given by day, and to identify the stars used. Some night visits were arranged in advance, either to coincide with the informant’s time for stargazing or to see a particular star.  On other occasions, I visited at night unannounced to see if anyone was watching the stars and to check on the verbal information given. In several villages a number of stars was identified using the software programme Starry Night™ (Starry Night Pro Plus version 5.8.2 © 2005 Imaginova Canada Ltd.).  This shows the night sky in real time at any location. The majority of stargazers were able to point out the stars they know on the computer screen, and some looked forward to using it.  Any uncertainties were noted and checked again at another time. On my last field visit in March - April 2008, I was loaned a mySky™ GPS star identifier by the Royal Astronomers. This locates the position with GPS and then is used like a gun, pointing at the star and pressing a button; the name of the star is then revealed, provided that there is no interference from metallic objects such as power lines.

The quality and detail of information collected depended to a large extent on the experience, attitude and even health of the people interviewed.  I was asked several times whether I could give all my questions at once, on the assumption that I would then not have to return for further information.  After explaining that I needed time to assimilate information, write it up and check for inconsistencies, after which I would probably have more questions, no one complained.  However, people’s attention often wandered after a while, either because they wanted to be doing something else or because they were bored. For this reason, meetings were generally limited to an hour or less, which meant that it was not always possible to obtain as complete a picture as I would have liked.  

Not all meetings were planned.  Some chance encounters proved instructive, as when having lunch in the house of a falaj official, Saif bin Salim Al-Subhi in Qarya, a farm worker from Al Hamra was also visiting and clarified certain aspects of Al Hamra’s falaj history and organisation.

The attitude to providing manuscripts varied considerably.  Since stargazing is an oral tradition there is little written about it, but I did attempt to see documents of sale and records of falaj transactions, such as the auctions of water to raise funds for falaj maintenance.  Many of the people I met were happy for me to see and photograph their documents, but in some places there was a marked reluctance to show me personal records relating to property and financial matters.  In such cases I did not insist further, in respect of their privacy. 

Authors of works on falaj organisation and agricultural calendars in Arabia, such as John Wilkinson and Daniel Varisco, were consulted and Paul Kunitzsch provided some valuable information on star names.  Use was made of libraries in Oman and the UK to consult published works and theses.  Manuscripts related to falaj organisation and astronomy held by the Dār al-Makhtūtāt (Department of Documents and Manuscripts) in the Ministry of Heritage and Culture in Oman were also viewed.  

2.5 Tools for data collection and interpretation

The most important tool, both for field work and writing up, was a laptop computer - a Dell Inspiron 6000.  This allowed me to store most data collected in the field electronically and to start processing data while in Oman, and meant that it was generally not necessary to carry large amounts of paper work between England and Oman.   The present of a Lowepro CompuTrekker rucksack enabled me to carry the computer and field notebooks as hand baggage, and provided protection for all my electronic equipment from dust and shock in the field. 

Photographs were taken with a Fuji FinePix digital camera with 4.1 mega pixels.  A torch with a red filter, which allows the eyes to stay adjusted to the dark, was sometimes used at night while watching the stars.  However, the stargazers usually had powerful torches with no filter, possibly reducing their night vision.

Sound recordings were made initially with a Sanyo Mini Talk-Book TRC3550 cassette recorder.  After the battery connection burned out a JNC MP3 digital audio recorder was purchased and used.  This allowed longer recordings to be made, for ready transfer to the laptop, and for repeated playing with no loss of quality.  Recordings made on the cassette recorder were later copied to the laptop via the MP3 player to avoid further deterioration.  When the MP3 player broke down, in October 2007, the camera, which can record up to 30 seconds at a time was used, and then a replacement voice recorder (Olympus WS-310M).  
Philip’s planisphere for latitude 23.5oN (Philip, 2000), the latitude of the study areas, and Philip’s star chart (Philip, 2003) helped in the initial stages of re-familiarisation with the main stars and constellations.  Following this, the most useful tool for star identification has been the astronomy software package Starry Night™ (Imaginova 2005), which was recommended by Marwan Shwaiki, Director of the Planetarium in Oman. 

A GPS was borrowed from the MWR to obtain the locations of the stargazing points and sundials.  Although it was intended to use this to survey the buildings and markers used for stargazing, the resolution was usually not better than +/-5 m. Measurements were therefore carried out with a 50 m survey tape, and a bamboo pole marked at 10 cm intervals, which was also used to give the scale in many photographs.
Access to topographic maps in Oman is limited for reasons of security.  The only available base plans for this study are, therefore, those prepared by the MWR and from Google Earth™.  The resolution on images from Google Earth™ was usually sufficient to trace the course of the falaj and identify the locations of sundials and stargazing points.

2.6 Methods of interpretation 

The main tasks in interpretation of the data collected were firstly to identify the stars, secondly to present and assess the method of stargazing, and thirdly to assess the current status of knowledge and likely continuation of this practice. Apparently conflicting information was checked by asking the same or similar questions at different times and of different people, and continually checking my own assumptions. This meant that my understanding of the methods and systems used developed during the field work until I was confident that my description is a fair representation of reality. An example of this follows. After my first session of stargazing in Qarya, I was confident in the method used and thought that it would apply in other places.  So when two of the village elders in Al Fath said that they watched the top of a tower for the star az-Zāhara (Capella, α Aurigae), and later  my main informant said that different stars were watched in the same location, it became clear that either one of my informants was wrong or that I had not understood.  The latter proved to be the case and both sets of information were correct: Capella is watched as an indicator of the rise above the horizon of other stars. 

Identification of the stars used for timing falaj water was achieved by looking at the stars, and checking the times of rise and time between them with the information given verbally.  The Starry Night™ software was excellent for this purpose. The stars used, the methods of stargazing and the degree of dissemination of knowledge about the system among farmers were compared for the different study villages. 

The falaj stars and those used in Oman to mark the agricultural seasons as well as for navigation and the stations of the moon of the Islamic calendar were compared to establish the wider context of falaj stargazing. 

2.7 Programme of study 

The study was carried out over a three year period, formally starting at the beginning of the academic year in October 2005.  Each year, there were two or three visits of between three and four weeks to Oman, firstly to scope the project and identify the study areas, and later for collecting field data.  In the UK and Oman, the available literature and manuscripts were reviewed and experts consulted.  Most of the field work and data collection was carried out in the first two years, while the third was used for checking field observations and writing up the findings.  The programme is outlined in Table 2.1.  During this period I gave several presentations on my thesis and related topics as follows:

· July 2006:
“Stargazing in Traditional Water Management: a case study in Northern Oman”. Seminar for Arabian Studies, UK (Nash, 2007);

· November 2006: “Sharing Falaj Water: the use of stars in northern Oman”. Historical Association of Oman, Oman;

· February 2007: “The Social Importance and Continuity of Falaj Use
in Northern Oman”. International Seminar on History of Irrigation, Tehran, Iran (Al Sulaimani, Helmi and Nash, 2007);

· March 2007:
Stargazing in Falaj Water Management. Ra’s Al Hamra Astronomical Section, Oman;
· April 2008:
“Stargazing in Oman. Astrophysics Department”, University of Exeter, UK;
· July 2008:
“Water Management: the use of stars in Oman” (with Dionisius A. Agius). Gulf Studies Conference, University of Exeter, UK;
· September 2008:
“Star Charts from Oman” (with Dionisius A. Agius). 24th Congress of the Union Européenne des Arabisants et Islamisants (UAEI 24), Leipzig.
· November 2008: presentation to students at Nizwa University, Oman

· January 2009: Folk Astronomy in Oman: the use of stars in timing water shares (with Dionisius A. Agius). 260th Symposium of the International Astronomical Union “The Rôle of Astronomy in Society and Culture”, UNESCO, Paris.

	Academic year
	2004-2005 
	2005-2006
	2006-2007
	2007-2008

	
	2008-2009 
	
	
	

	October
	2008: Submit draft thesis; preparation for exhibition
	Register with University of Leeds.

Write up field notes, literature review; preparation  for field work
	Upgrade to full  PhD study; preparation for field work
	Transfer to University of Exeter due to supervisor taking up Chair in Arabic and Islamic Material Culture; 

	
	
	
	
	Oman: further identification of stars

Draft chapters on falaj management and astronomy

	November
	2008: Oman: exhibition, discussion of thesis in study villages 
	
	Oman: stars + falaj organisation + manuscripts; UAE:  Al Ayn
	

	December
	2008: Preparation for viva
	
	Write up + analyse field work
	

	January
	2009: viva voce
	Oman: stars and manuscripts
	
	Draft chapter on manuscripts

	February
	2009:
Submit final thesis
	Write up field notes, preliminary literature review
	Iran: Seminar; visit to Yazd Qanat Center
Preparation for field work
	Chapters on study areas

	March
	2005: Oman: Al-Hajar project
	
	Oman: stars + falaj organisation
	Oman: consolidation

	April
	2005: Write Al-Hajar project report
	Oman: stars
	Write up + analyse field work
	Complete field work and bulk of writing up


	May
	
	Write up field notes;

	
	

	June - August
	2005: Application for PhD research
	
	Draft chapters on stargazing
	

	September
	Oman: project set up
	Start drafting chapters
	Preparation for field work
	Revise thesis; preparation of materials for exhibition in Oman


Table 2.1  Programme of study
3 OVERVIEW OF THE LITERATURE 

This chapter provides a review of the main published books and articles, unpublished theses and manuscripts of particular relevance to the study.

3.1 Books, articles and theses

The main topics addressed and the sources of information for each are given in Table 3.1.  The term “author” is used loosely, since some of the people named are compilers, editors or translators. However, the exact source or derivation of information is given at the relevant point in the text.  The two categories of importance are related to the utility for this work only, not to the sources’ intrinsic value, which could be much greater if applied to other purposes. 
	Topic
	Aflāj
	Stars

	Author
	Origins 
	Construction and Management
	Time keeping
	Traditional rulings
	 Terminology
	History of   astronomy
	Arabic names
	Calendars
	Navigation
	Time keeping

	al-cAbrī
	
	B
	B
	
	
	
	A
	
	
	

	Badr
	
	
	
	
	
	
	A
	
	
	

	Evans
	
	
	
	
	
	A
	
	
	
	

	Al-Ghafri
	
	B
	A
	
	B
	
	
	
	
	B


	Goblot
	B
	
	
	
	
	
	
	
	
	

	Kunitszch
	
	
	
	
	
	
	A
	
	
	

	Lane
	
	
	
	
	B
	
	
	
	
	

	Letts
	
	B
	
	
	
	
	
	
	
	

	MWR
	
	A
	
	
	
	
	
	
	
	

	Selin
	
	
	
	
	
	A
	
	
	
	

	Al-Shaqsi
	
	B
	B
	
	
	
	
	
	
	B

	Tibbetts
	
	
	
	
	
	
	B
	
	A
	

	Al-Tikriti
	A
	
	
	
	
	
	
	
	
	

	Varisco
	
	
	
	
	
	
	
	A
	
	

	Wilkinson
	A
	A
	B
	A
	B
	
	
	
	
	

	Key:  A   main source;           B   important source


Table 3.1  Literature sources

3.1.1 Origin and diffusion of aflāj 
Wilkinson (eg 1977: 130; 1983) was of the opinion that Oman’s aflāj were introduced from Iran.  Writers on the origin and diffusion of these systems around the world are many, and include Goblot (1979), Beaumont et al. (1989) and Lightfoot (2000), generally agreeing that they originated in Iran or central Asia and then spread to other arid and semi-arid areas.  Goblot, perhaps, gives the most authoritative account, focusing on Iran where he lived for 20 years.  A range of views on the origin and diffusion of these systems is given in Al-Ghafri (2004: 25-26). However, apart from information on when aflāj were first used in Oman, this study does not draw on these works. 

A key paper by Al-Tikriti (2002) takes account of more recent archaeological excavations than available to the above authors, including his own excavations in the United Arab Emirates.  The work of Jocelyn and Jeffery Orchard (2007) is also significant, as they have proposed the earliest date for any falaj in the region. 
3.1.2 Organisation and management of aflāj in Oman

There are numerous literature sources describing falaj organisation in Oman.  Perhaps the best known is Wilkinson (1977), who provides details of the organisation and timing of water distribution based on his field work, probably carried out in the late 1960s.  He refers mainly to settlements in the Dakhliyah (Interior) and Sharqiyah (Eastern) Regions (Figure 2.1), the same districts in which the study areas for this thesis are located.  Wilkinson’s descriptions of the responsibilities of falaj officials, the distribution of water shares etc. have been much quoted by later authors, and have become almost a standard for comparison.  Letts (1978) worked in Oman in the early 1970s and had access to Wilkinson’s work during the preparation of her thesis.  Her field area was between Khabura on the Batinah coast and Ibri inland, west of the villages included in this study, and subject to different demographic influences.  Letts points out the differences in falaj management in her study area compared with that described by Wilkinson.  

Unfortunately, Wilkinson, Letts and some later authors do not always state their source of information.  The field work for this research shows that there are significant differences between villages and that any generalisations must be treated with caution.
Al-cAbrī (c. 1980) is widely referred to by Omani authors.  Although his book was published privately and is out of print, it is available in the library of Sultan Qaboos University.  Al-cAbri provides considerably more detail than Wilkinson or Letts on the methods of time keeping, but the most comprehensive treatment of this subject is probably that by Al-Ghafri (2004).
Books and pamphlets published by the Ministry of Water Resources (MWR) are a valuable source of information on water resources (eg MRMEWR 2005) and the distribution and construction of aflāj (eg  MRMEWR 2002).   These are generally based on an inventory carried out by the MWR in the late 1990s.  Many of the aflāj have been surveyed, and the inventory provides maps showing the access shafts, names of different section or branches, the location of, the point where the village first uses the water for domestic purposes (the sharīca, a term explained in more detail in section 6.3 and which in this context does not mean Islamic law), and the area that is, or could be irrigated.  The inventory also provides basic statistics such as the length of tunnel and area of irrigation.  This information is stored on the MWR’s database, and is referred to as the National Falaj Inventory (NFI).
3.1.3 History of astronomy

The focus of this study is on the current use of stars for a particular purpose and the history of astronomy is therefore treated only in outline.  For this I have used mainly The History and Practice of Ancient Astronomy (Evans, 1998) and Astronomy Across Cultures (Selin, 2000). Evans provides an accessible overview of the development of astronomy in the Middle East and Mediterranean areas.  Although he gives very little information on stars in the Arab world, al-Sūfī’s work (see section 3.1.6) is mentioned. The chapters on Egyptian (DeYoung, 2000) and Indian (Kak, 2000) astronomy in “Astronomy Across Cultures”  have been used for background information.

3.1.4 Time keeping in traditional falaj management

Several of the authors listed in Table 3.1 give a description of the use of sundials for time keeping during the day.  The most detailed descriptions are given by Al-Shaqsi (1996: 88-91) and Al-Ghafri (2004: 62-66), on the basis that it is necessary to understand the traditional methods of water and land management in order to find ways acceptable to the community to improve the efficiency of water use, which was possibly their main aim.

Information on the use of stars for telling the time in order to distribute falaj water is scarce.  Wilkinson provides lists of stars used in a few settlements. Al-cAbrī  (c. 1980) also gives lists of stars used in several villages and a description from an “old” manuscript of where the stars formerly used in Al Hamra could be seen in the sky and the time that they represented.  More recent works include Al-Shaqsi (1996), Al-Siyabi (2000) and Al-Ghafri (2004), all of whom give lists of stars used in one or more villages and, in some cases, the approximate length of time between the stars.  Nothing was found in the literature on using stars for timing the allocation of water for irrigation in other countries in the region, and a comparison with other countries was therefore not possible.
3.1.5 Other uses of stars

Several papers have been consulted on the use of stars for purposes other than timing irrigation water.  Much has been written about agricultural calendars in the Arabian Peninsula, in which stars are sometimes used to indicate rainy periods and the proper time for activities such as sowing and harvesting.  The most prolific author on this topic is probably Daniel Varisco 
 ADDIN EN.CITE 
(eg 1994; 1997a; 2000)
.  Star calendars found in mediaeval manuscripts from Yemen are also described by Serjeant (eg 1995c) and others.  Possibly more pertinent to Oman is a list of agricultural sayings related to 21 falaj stars thought to have been prepared c. 2007 by the Ministry of Agriculture. However the author, date of preparation and villages from which the sayings were collected are not given.
The main source for information on the stars used for navigation in the Gulf and western Indian Ocean is Tibbetts’ (1971) translation and comments on a pilot manual written by Ibn Mājid al-Najdī (d. after 906 /1500), a navigator and ship’s captain.  

King (2000) has written extensively about mathematical astronomy in Islamic civilisation, but this area of knowledge, together with astrolabes, astronomical tables, planetary movements, prayer tables and the determination of the direction of Mecca are peripheral to this study and have not been addressed. 

3.1.6 Star names

At the outset of this study, a literature search identified a number of works on Arabic star names.  Odeh (1998-2006), for example, has published a list of star names, checked by Paul Kunitszch, on the web.  This list, as with many other publications in English, deals mainly with English names derived from Arabic, information which is of limited use for my purpose, not to say misleading in the initial stages of the study.  
Much western knowledge about Arabic star names is based on the work of al-Sūfī, who used translations (from Greek to Arabic) of, and updated, Ptolemy’s Almagest in the 4th/10th C.  He also provided Arabic names for stars taken from older texts.  A 10th/16th C manuscript copy of this work, Ṣuwar al-Kawākib al-Thābita (Illustrated Book of the Fixed Stars) (Al-Sūfī, 995/1586), is held in the Dār al-Makhtūtāt (Department of Manuscripts and Documents) in the Ministry of Heritage and Culture (MHC) in Muscat. 
Badr’s encyclopaedia (1997 in Arabic) is an invaluable source of information on star names, and has been used extensively to obtain information on star names and their identification.  He provides Ptolemaic and modern star and constellation names together with some pre-Islamic names from the Arabian Peninsula, especially those used in navigation on land and at sea. Badr takes information from Ibn Qutayba (d. c. 276/889), al-Sūfī (d. 376/986), al-Bīrūnī (d. 440/1048), Kunitzsch and others. Although he comments where his sources differ on the identification of stars or constellations, he does not give citations, which means that the information presented on navigational stars could be from any of his sources. 

Paul Kunitszch (eg 1989a; 2004) is renowned for his work on Arabic star names, and provides a more detailed analysis of the origin of star names and discussion of their identification than Badr. 

3.1.7 Traditional rulings

Rulings on falaj building, maintenance and water use in Oman are available from the late 3rd/9th C.  Such rulings were written down, not necessarily at the time, and copied by hand or compiled by later authors.  Many of these manuscripts have been transcribed and published, mainly by the Ministry of Heritage and Culture 
 ADDIN EN.CITE 
(eg al-Ḥawārī, 1975; al-Kindī, 1983)
.  Wilkinson (1977: 258-265; 1978) provides the most detailed description of the substance of these rulings.  
Reviews and translations of similar rulings made in other parts of the Arabian Peninsula have been published in English 
 ADDIN EN.CITE 
(eg Ben Shemesh, 1958, 1965, 1969; Maktari, 1971)
.  However, these only apply to the area for which the rulings were made.   
The laws that pertain in Oman today relate mainly to protection of existing water users.  They are summarised by Al-Shaqsi (2004: 155).
None of these sources refer to the timing of water shares, and they are not used to any significant extent in this study.
3.2 Manuscripts, star lists and star charts

Apart from the work by al-Sūfī mentioned in section 3.1.6, several manuscripts pertaining to aflāj held by the MHC were consulted.  These are listed below and are of two main types: 1) details of water rights, divisions and transactions, and 2) books of accounts. None of these is for any of the villages included in this study, and none of them mention the use of stars; they were therefore not studied in detail.
i. Kitāb fī taqsīm falaj al-sibāra fī wilāyat Adam: book on the division of water (i.e. water rights) for Falaj al-Sibara in the district of Adam; probably early 1300s /1900s, 33pp. MS 3702;

ii. Makhtūta fī falaj al-masmā l-cazīzī bi-balada Sayq: water rights for Falaj Al-Azizi, Saiq  1308/1891, 20pp. MS 2316;
iii. Falaj Farūḍ: water rights and transactions for Falaj Farud, Bisya, 1361 / 1942 - 1393 / 1973, c. 19pp. MS 3703; 
iv. Falaj al-Q.rāḥ: notebook with one entry per page for water rights for Falaj Al-Q.rah in Bisya, 1353 / 1934 – 1935, 22 pp. MS 3701.
v. Al-khārija fī masāliḥ al-amwāl: the financial outgoings for Falaj Metha in Bahla from 1387/1967 to 1396 /1976.
Saud bin Abdullah Al-Habsi allowed me to photograph a photocopy of a book of water rights written for the falaj in Mudaybi in 1335/1917 by his grandfather.  This was also used for falaj terms. Two charts of falaj stars were located: one in Mintirib and one in Mudaybi.  However, these were drawn for the personal interest of the artists and not used by the falaj communities.

Few of the villages in the study area keep written records of falaj rights or transactions, but any records that were seen are described in the relevant section.  Several falaj officials provided me with lists of stars used in their village, often written on computer in recent years, and other lists are in the literature on aflāj.  A photocopy of a transcription of a manuscript referred to by al-cAbrī (c. 1980: 32-41) was located in Al Hamra, providing a complete list of stars for comparison with Qarya and Misfa. 

4 CONCEPTUAL FRAMEWORK
The conceptual framework is based on the research questions:

How do the stars help farmers to distribute water?

Knowledge of the methods used to track time by the stars, to determine when individuals are allowed to use their water rights at night, may soon become extinct.  Recording which stars people watch, how they watch them and how the information is transferred to people using the water is fundamental to the research.

Where and why are stars still used to track the passage of time at night for the allocation of irrigation water?

The ready availability of watches mean that there is now little technical reason to use the stars.  The fact that they are still used in a few places is probably due to attachment to tradition.  Adherence to tradition is one way to minimise disputes, which could disrupt the peaceful, productive life of the falaj community. This leads to the sub-question:
How are disputes over the allocation of water resolved?
One method of avoiding disputes is to record people’s water rights in writing, so a related sub-question is:
What written records are available regarding the allocation of water?

The main components of the conceptual framework are illustrated in Figure 4.1. Productivity and security are achieved by the efficient utilisation of a scarce resource. For millennia, practically everyone in agricultural settlements in Oman was dependent on the falaj system, both resulting in and requiring a large degree of social cohesion and co-operation.  Oman is possibly the only country in the Arabian peninsula where such systems are now used and they form an important part of the sense of national identity. The falaj systems are still focal to agriculture and community life in Oman and provide 36% of the total water consumed in the agricultural sector (see section 6.4).
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Figure 4.1  Conceptual framework
Falaj water, unlike water from wells, flows continuously, and irrigation is therefore carried out 24 hours a day.  The need to time the distribution is considered in section 6.5.  Currently stars are not the only means to time the water distribution: wristwatches are now widely used.  Hence stargazing per se is no longer needed to achieve the aim of agricultural production, but keeping to traditional practices is clearly important in some communities.

Although the overall aims of falaj management can be achieved without the traditional methods of time keeping, it is still necessary for the distribution of water to be agreed by all, and for all falaj users to co-operate in running the system. A number of factors may be involved in the adherence to tradition, including:

· fear of change

· fear of disputes over the allocation of water

· potential loss of the sense of identity and security.
The allocation of falaj water is sometimes disputed among farmers.  The area of water rights in Oman and resolving disputes has been written about since the late 3rd/9th - early 4th/10th C (al-Ḥawārī, 1975). Currently it appears that records are kept by communities mainly where disputes may arise.
5 ASTRONOMY AND TIME KEEPING
5.1 Introduction

This chapter presents a brief introduction to the identification of stars, sufficient it is hoped for the purpose of understanding how stars are recognised. This is followed by an outline of the history of astronomy, particularly in relation to time keeping in the Middle East.  To assess the selection of stars used for the aflāj, it was considered necessary not only to identify them, but to find out whether they are related to those used for other purposes.  Stars used in the region for navigation, agricultural calendars and the stations of the moon of the Islamic calendar are therefore described briefly. The purpose of this section is to provide sufficient background on folk astronomy in the region to be able to assess whether the system of stargazing in Oman for the aflāj is related to what is already known.  This assessment is presented in Chapter 13, following the presentation of data collected in the field. 
5.2 Identification of stars

Stars may be identified by:

· their position relative to other stars 

· their location in the sky

· their brightness, variability and colour.

The same star may be called different things by different people, so to avoid confusion there is an international classification, usually using a Greek letter followed by the name of the constellation in Latin – in the genitive case – which is unique for each star.  Alpha is usually the brightest, beta the second brightest and so on.   
5.2.1 Position relative to other stars

The simplest and surest way for an earth-bound observer to identify a star is its position in relation to other known stars.  Constellations, describing groupings of stars, are an important tool for star recognition. The constellations are manmade and vary among cultures. The boundaries of the constellations in international use today were set in 1928 by the International Astronomical Union.  The sun passes through thirteen of these in the course of the year, and twelve of the thirteen, Ophiuchus being the exception, are the signs of the zodiac used in western astrology:

Capricornus (Capricorn)  
the Goat

Aquarius


the Water Carrier

Pisces



the Fish

Aries



the Ram

Taurus



the Bull


Gemini


the Twins

Cancer


the Crab

Leo



the Lion

Virgo



the Virgin

Libra



the Scales

Scorpius (Scorpio)

the Scorpion

Sagittarius


the Archer.

5.2.2 Location

There are two main co-ordinate systems used to identify the position of a celestial body outside the solar system:

· altitude – azimuth, and
· celestial.

The altitude-azimuth system defines a position by the angle above the horizon (altitude) and direction (azimuth).  This is valid only for the time and place of observation, but is a useful tool for knowing where to look for a particular object and for recording what is seen in the field. 
The celestial co-ordinate system is the parallel of the Earth’s co-ordinate system but for the celestial “sphere” surrounding the Earth. The celestial equator, north pole and south pole are the projection of the Earth’s equator and poles onto the celestial sphere. The celestial meridian (i.e. 0o longitude) runs between the poles through the vernal equinox, which is the point where the celestial equator meets the ecliptic.  The ecliptic is the Earth’s path around the sun, and the sun’s apparent path around the Earth during the course of a year, hence the vernal equinox is the time when the sun crosses the celestial equator in March.  In this co-ordinate system, the location of an object is defined by its declination, equivalent to latitude on Earth, and right ascension, which is measured in hours from the meridian, equivalent to longitude. The system is illustrated in Figure 5.1.
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5.2.3 Brightness, variability and colour

The brightness of a star is described by its magnitude according to a system introduced by Hipparchus c. 150 BC (Mosley, 2004: 19). The brighter the star, the lower the magnitude: a star of magnitude 1 is 2.512 times brighter than magnitude 2, which is 2.512 times brighter than magnitude 3, and so on.  Sirius (α Canis Majoris), the brightest star, has a magnitude of -1.42.  The human eye can detect objects down to c. magnitude 6.   The brightness of some stars varies perceptibly: the magnitude of Algol (β Persii) and Betelgeuse (α Orionis), for example, varies from 2.2 to 3.47 and 0.4 to 1.3 respectively.  

The colour of a star is dependent on its surface temperature, as shown in Table 5.1 (Menzel, 1975: 355).  While it is difficult for the untrained eye to distinguish each of these classes, it is relatively easy to see the extremes. For example, the very blue to blue stars cannot easily be confused with red stars unless you are colour blind.  
	Colour
	Surface temperature, K
	Example

	very blue
	50,000
	ζ Puppis

	blue
	25,000
	α Leonis (Regulus)

	green
	11,000
	α Canis Majoris (Sirius)

	white
	7600
	α Canis Minoris (Procyon)

	yellow
	6000
	α Aurigae (Capella)

	orange
	5100
	α Tauri (Aldebaran)

	red
	3000 – 3600
	α  Orionis (Betelgeuse)


Table 5.1  The relationship of star colour to surface temperature

5.3 STARS and time

The distance between different stars can be used to estimate spaces of time: the stars rise approximately 4 minutes earlier each night so different stars are visible at different times of year, but the time between them remains the same. According to the Holy Qur’ān (Sūrat al-Ancām, VI: 96-97), the sun and moon were given by God for the reckoning of time, and the stars to guide man on land and at sea (Ali, 1968: 317). There is no mention in the Qur’ān of the use of stars for telling the time, but it appears that celestial bodies have been seen as constellations and used by man for some form of time reckoning since the earliest times.  

Kak (2000: 312) names some of the constellations recognised in India and describes a centennial calendar with a cycle of 2700 years based on the relative position of Ursa Major and the Pleiades, possibly as early as the 7th millennium BC.  Similar constellations were known in ancient Sumer, Egypt and Babylon, and later by the Greeks.  It appears that all of these ancient civilisations used a lunar-solar calendar, and a lunar calendar is described in the texts of the Rig Veda, in which the path of the moon was marked by stars, a precursor to the modern Islamic stations of the moon.  Kak (2000: 307-308) argues that the period that the calendar refers to is before 1900 BC and possibly before 2600 BC.   

In ancient Egypt, star markers were used to divide time into 10-day periods, and the heliacal (dawn) rising of Sirius (α Canis Majoris) was associated with the onset of the Nile flood from the First Dynasty (3000-2840 BC).  Star calendars or clocks for telling the time at night, with approximately one hour between the stars, have been found in coffins dating from approximately 2106-1068 BC.  They were designed to identify the last hour before dawn for the purpose of prayer/worship, and telling the time was the responsibility of hour-watching priests  (DeYoung, 2000: 481-486). The stars used for this purpose have not been identified.
The Babylonian creation theory, the Enuma Elish, describes a star calendar that may have existed before 1600 BC, with three stars to each of the twelve months of the year (Evans, 1998: 10).  The astronomical text, the MUL.APIN  and clay tablets with diagrams of star lists from the period c. 650 BC are described in Evans (1998: 5-11).  The MUL.APIN provides a star calendar, with lists of stars that set as others are rising and sayings relating the behaviour of celestial bodies to floods and harvests.  As in the Enuma Elish, three stars marked each month, apparently one from near the celestial equator, one north and one south of the equator.  This is illustrated in Evans (1998: 10 Figure 1.3), together with the identification of many of the stars and constellations.  Several planets were also used. However, the identifications given do not correspond to three sets of star markers at a similar latitude, and as Evans points out, the use of planets makes the calendar of questionable use for time reckoning. Day and night were each divided into three watches using water clocks by day, but it is not stated whether water clocks or stars were used at night.  
Also written in about 650 BC, Hesiod’s Works and Days provided an agricultural calendar in which stars play a small part.  This was the first of many Greek texts relating stars to agriculture and weather, of which perhaps the best known is the Phaenomena of Aratus, written in c. 250 BC. However, there is no evidence that stars were used for telling the time. In c. 150 BC Ptolemy described 48 constellations, which are much the same as today’s, and the stars forming them. Mosley (2004:  138-140) considers that 30 of those constellations derive from Babylonia, and that many have earlier roots in Sumeria. 

Muslim astronomers drew on Greek knowledge and several translations to Arabic of Ptolemy's work, known as the Almagest, were made in the 3rd/9th C. Al-Sūfī (d. 376/986) used these translations and updated the Almagest with his own observations in his Ṣuwar al-Kawākib al-Thābita (Illustrated Book of the Fixed Stars), and later Muslim astronomers such as al-Bīrūnī (d. 440/1048) drew on his work (Kunitzsch, 1989b).  Al-Sūfī also provided older Arabic names for stars, from earlier Arabic texts and refers to the work of Abū Hanīfa l-Dīnawarī (d. c. 282/895) (Schjellerup, 1874: 42) as the most reliable of them.  
In about 1000 AD, the Almagest was translated from Arabic into Latin and reintroduced to Europe via Spain, forming the basis of modern western astronomy and bringing many Arabic star names to the west.
5.4 STARS FOR Navigation

Stars would have been used for navigation on land and sea in the region from the earliest times. Agius (2008: 277-278) argues that pre-Islamic desert poets were familiar with ships and the sea, and it is therefore possible that the early settlers in northern Oman were familiar with some of the stars used at sea, as well as those that they used on land. There is therefore a possibility that some of the stars used for falaj timing were selected from navigational stars. The use for navigation is related to time keeping as well as to direction, in that all except circumpolar stars indicate a different direction at different times between rising and setting.
5.4.1 Navigation on land

In relation to the Arabian Peninsula, Badr (1988: 3) comments on the predilection of the Arabs to see stars in pairs, using them to know their location in the wide desert, without which knowledge they would be led to death and destruction.  Indeed, I noticed the common use of pairs of stars for falaj purposes in the early stages of my field work, and the clear application to navigation rather than to time keeping, before reading Badr’s work.  Unless a star is very far south or north, such as Canopus (α Carinae) or Polaris (α Ursae Minoris) respectively, its direction relative to an observer changes during the night.  Orion’s sword, for example, points south; but if only one star could be seen, the observer would not know the direction.  Thus it is usually necessary to use at least two stars to know the direction.   

Nowadays there is little need for stars for desert navigation: most people travel by day and have vehicular transport, using tracks and roads with known destinations. A Bedu family in Sudayra, when asked about their former use of stars during the field work for this thesis, mentioned the Pole Star, Yēh (CA Jāh), both for navigation and for its use in pre-Islamic times as the direction in which the head of a corpse was placed for burial.
  However, as a circumpolar star that does not rise or set, it is of little use in time keeping. Shābik and Thurayya were also mentioned as stars that move from place to place in the sky, in contrast to the Pole Star, and Kuwī as a star that brings very cold weather. 
5.4.2 Navigation at sea

A major source of information on the use of stars for navigation at sea is Tibbetts’ (1971) translation and commentary on a pilot manual for the Indian Ocean compiled by Aḥmad b. Mājid (Ibn Mājid, d. after 906/1500). The star compass given in this work (Tibbetts, 1971: 297) has been redrawn to show star identifications in addition to the Arabic name (Figure 5.2).  There are sixteen star markers in all, one of which is the Pole Star (α Ursae Minoris).  The others are shown twice: rising to the east and setting to the west as a mirror image, with the Arabic and transliteration given on the east and the formal identification on the west. This is illustrated by the blue line: al-cAqrab is α Scorpii, rising in the southeast and setting in the southwest.  Some abbreviations used are: C.for Canis, M. for Messier object and U. for Ursae.
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These stars are only meant to indicate the direction not to be exact: indeed, α and β Centauri (al-Ḥimārayn) rise and set south of α Eridani (Sulbār).  However, these cannot all be seen together in the sky, at least from the latitude of northern Oman, and any of them can be taken as a rough indication of S or SSE/SSW.  

Additional stars would have been, and probably still are, used to cover all points of the compass and all nights during the sailing season. Serjeant (1995a) and Agius (2005: 155-173; 2008: 196-199)  mention the stars used by Arabs and Iranians for navigation at sea.  Serjeant focuses on the translation of texts, and Agius on the tools and methods used, for example for measuring latitude. Several Arab and Indian star compasses used in the Indian Ocean are described by Arunachalam (1996: 270-273), but identifications are only given for a few of the stars; one such compass is given for the Batinah coast of Oman by Donaldson (1978: 158), with some local variations on the names in Figure 5.2, including (al-) Layā’ for Polaris.  However the literature on this topic is sparse and it appears that many stars used for navigation in the region have not been identified or recorded.  
5.5 Stars in agricultural activities 

Certain stars have been associated with agriculture for millennia.  Hesiod’s Works and Days, written in c. 650 BC is often quoted as an early example of the use of stars in agriculture in Greece, although it by no means represents a calendar for a full year and many other indicators are used. In Table 5.2 below, I have extracted all the references to stars in the translation by Dorothea Wender (Hesiod, 1973).
Varisco (eg 1997a) has described traditional star calendars for Arabia using 28 star markers for rain, agricultural activities and other events.  These are recorded in the works of several 4th/10th to 5th/11th C writers, in which the star markers, especially for rain, are known as anwā’ (s. naw’).  Varisco (eg 2000: 622, 625-626) argues that the original pre-Islamic anwā’ were less than 28 but were later modified in Islamic times to incorporate the stations of the moon, introduced from ndia.. Elsewhere (1997b: 255), he gives a list of the earlier anwā’ stars according to Abū Zayd al-Ansārī (d.206/821) and Qutrub (d. 215/830), with his own tentative identifications as shown in Table 5.3. Varisco has also published numerous articles and a book on almanacs from medieval Yemen (eg Varisco, 1994, 1997a).  
	Star
	Action / impact of star
	Time of year
	Activity

	Arcturus
	evening rise – sixty days following the solstice
	February -March, preceding the swallow 
	harbinger of spring – prune vines before the swallow comes.. 

	Pleiades
	reappear after forty days
	
	sharpen sickles 

	Pleiades
	rise (morning)
	early May
	harvest (winter wheat)

	Pleiades
	snails climb up plants to avoid  them
	mid-May 
	stop digging vineyards -  sharpen sickles and start the harvest.

	Orion
	rises (morning)
	July
	winnow the grain

	Orion and Sirius
	move into the mid-sky
	September
	pick grapes

	Arcturus
	morning rise
	
	

	Sirius
	passes overhead less in day, more at night
	with other things – autumn + rain (October)
	good time for cutting timber (+ making tools, eg ploughs) 

	Pleiades, Hyades + Orion
	sink
	the old year dies.  October
	plough

	Pleiades pursued by Orion
	sink (plunge into the clouded sea)
	
	gales – do not sail

	Pleiades
	set (morning)
	November
	plough 

	Pleiades, Hyades + Orion
	set (morning)
	
	sow


Table 5.2
Stars in Hesiod’s Works and Days
Other examples come from Dhofar (Alian, 2006: 15-16), Socotra (Serjeant, 1995b) and Qatar (Varisco, 1990).  It appears that the compilation of such almanacs was mainly a pursuit of the learned, and that they were by no means a practical guide to the seasons. 
Other star calendars from the Arabian Peninsula referred to in the literature include a Canopus (α Carinae) calendar of the Gulf region, described by Varisco (1990: 11-14; 2000: 629) and mentioned by Wilkinson (1977: 11), and a Pleiades - lunar calendar from Yemen (Varisco, 2000: 630-633).   The Canopus calendar comprises 10 day periods following the dawn rising of Canopus in late summer and covering the seasons of autumn and winter.  The Pleiades calendar is, or was, based on its conjunction with the moon, starting at the end of September, nineteen days after the new moon. Each period in the calendar is two days shorter than the 
	Anwā’ star name
	Identity
	Transliteration to MSA
	English name

	from Varisco (1997b: 255)
	
	

	al-cArquwatān al-Mu’akhkharatān
	α + β Pegasi
	العرقوتان  المؤخرتان
	Markab + Scheat

	Sharat / Sharatān
	β + γ Arietis 
	شرط / شراطان
	Sheratan + Mesarthim

	Thurayyā
	Pleiades
	ﺛﺭﻳﺎ
	Pleiades

	Jawzā’
	parts of Gemini and Orion
	جوزاء
	

	Dhirāc / Dhirācān
	α + β Geminorum 
	ذراع / ذراعان
	Castor + Pollux

	Nathra
	ε, γ + δ Cancri 
	نثرة
	Asellus Australis (δ)

	Jabha
	ζ, γ, η + α Leonis 
	جبهة
	Regulus (α)

	cAwwā’
	β, η, γ, δ + ε Virginis 
	عواء
	Vindemiatrix (ε)

	Ṣarfa
	β Leonis
	صرفة
	Denebola

	Simākān
	α Virginis, α Boötis
	سماكان
	Spica  Arcturus

	Nasrān
	β, γ + α Aquilae

α Lyrae
	نسران
	Altair (α)

Vega

	Akhḍar
	
	اخضر
	

	al-cArquwatān al-Ūlayān
	δ + γ Pegasi
	العرقوتان الوليان
	δ Pegasi = α Andromedae = Alpheratz

γ Pegasi = Algenib


Table 5.3  Anwā’  star markers
previous,  ending with the new moon in April, when the Pleiades disappear from view. These winter calendars are clearly of more practical use for agriculture in the Middle East than the somewhat artificial full-year almanacs.
A list of Omani agricultural sayings related to stars was provided by the Astronomers of the Royal Court, Mohammed Salim Al-Busaidi and Suleiman Hallal Al-Busaidi in March 2008.  The author and sources of information are not given, although the document is certainly modern, having been prepared on a word processor, and is thought to have been compiled by the Ministry of Agriculture.
 It lists 21 stars by the same names, and with similar information on timings as those in the Qarya area (see Chapter 8). It gives the number of days and dates for each star, a list of agricultural activities for each period and one to four, often rhyming, examples of star lore for the majority of stars, two of which are given in the discussion of the selection of stars in section 13.5.
5.6  
Stations of the moon

The stations of the moon referred to above comprise 28 stars, listed in Table 5.4, probably introduced to Arabia from India in pre-Islamic times and later incorporated into the Islamic calendar (Varisco, 2000: 622). It seems that they were, at least in theory, selected as stars close to where the moon is seen on consecutive nights of the month, and they are therefore at roughly equal time intervals and aligned on the ecliptic. However, here is no evidence that they have ever been used for time keeping in the Islamic world. 

	Arabic (MSA) star name
	Identity
	Transliteration of MSA
	English name

	from Badr (1988: 200-205)
	
	

	الشرطان
	α, β + γ Arietis 
	al-Sharatān
	Hamal (α)

	البطين
	ε, δ + ρ Arietis 
	al-Butayn
	Botein (δ)

	اﻟﺛﺭﻳﺎ
	Messier 45
	al-Thurayyā
	Pleiades

	الدبران
	α Tauri 
	al-Dabarān
	Aldebaran

	الهقعة
	λ, φ1+ φ2 Orionis 
	al-Haqca
	Meissa (λ)

	الهنعة
	γ + ξ Geminorum 
	al-Hanca
	Alhena (γ)

	الذراع
	α + β Geminorum 
	al-Dhirāc
	Castor (α)

	النثرة
	ε, γ + δ Cancri 
	al-Nathra
	Asellus Australis (δ)

	الطرف
	λ Leonis + κ Cancri
	al-Ṭaraf
	Alterf (λ Leonis)

	الجبهة
	ζ, γ, η + α Leonis 
	al-Jabha
	Regulus (α)

	الزبرة
	θ + δ Leonis 
	al-Zubra
	Zosma (δ)

	الصرفة
	β  Leonis 
	al-Ṣarfa
	Denebola

	العواء
	β, η, γ, δ + ε Virginis 
	al-cAwwā’
	Vindemiatrix (ε)

	السماك
	α Virginis 
	al-Simāk
	Spica

	الغفر
	τ, κ + λ Virginis 
	al-Ghafr
	

	الزباني
	α + β  Librae 
	al-Zubānī
	Zubenelgenubi + Zubeneschimali

	الاكليل
	β, δ + π Scorpii 
	al-Iklīl
	Dschubba (δ), Graffias (β)

	القلب
	α Scorpii 
	al-Qalb
	Antares

	Table 5.4 Stations of the moon

	الشولة
	λ + ε Scorpii 
	al-Shawla
	Shaula (λ)

	النعائم
	γ, δ, ε, η , σ, φ, ς + ζ  Sagittarii 
	al-Nacā’im
	Kaus Australis (ε)

	البلدة
	no star
	al-Balda 
	

	سعد الذابح
	α + β Capricorni 
	Sacd al-Dhābiḥ
	Dabih (β)

	سعد بلع
	ε, μ + ν Aquarii 
	Sacd Bulac
	Al Bali (ε)

	سعد السعود
	c1 Capricorni, β + ξ Aquarii 
	Sacd al-Sucūd
	Sadal Suud (β Aquarii)

	سعد الاخبية
	γ, π + η Aquarii 
	Sacd al-Akhbiyya
	Sadachbia (γ)

	 الفرغ الاول
	α + β Pegasi 
	al-Fargh al-Awwal
	Markab + Scheat                                                                                                                             

	الفرغ الثاني
	α Andromedae + γ Pegasi 
	al-Fargh al-Thānī
	Alpheratz + Algenib

	بطن الحوت
	β Cassiopeiae
	Batn al-Ḥūt
	Caph


Table 5.4  Stations of the moon contd.
5.7 Falaj Time keeping

The passage of stars and the sun are not the only means of telling the time in the absence of watches. Other methods include the use of water clocks and sand timers.  Perhaps surprisingly, sand timers (such as the egg timers used in my childhood) were not invented until the 13th C (Richards, 1999: 52), and are not known in Oman, at  least for falaj purposes, and they are not discussed further. 
5.7.1 Water clocks

The earliest water clock known is thought to be from c 1500 BC from Karnak (Richards, 1999: 52). This appears to have been of a similar design to that used up to the 20th C in Iran and Oman, and probably elsewhere, for timing irrigation water. Since it has been assumed for a long time that the falaj system came to Oman from Iran (see section 6.2 below), one would expect similar methods for timing the distribution of water to be used. However, it appears that only water clocks were used in  Iran (eg Bonine, 1996: 193), and this was certainly the opinion of all of the falaj experts I consulted in Oman.

In Oman, the water clock (tāsa, meaning a shallow drinking cup made of metal) was used in only a few places, including Nizwa (eg Abercrombie, 1981), Saiq and some other villages in the mountains (Al-Ghafri, 2004: 54, 56). It comprised two bowls: one large filled with water, the other small one with a hole in the bottom. When placed in the larger bowl, the smaller one fills with water over a period of time and sinks to the bottom.  Al-Ghafri, cited above, describes the method in more detail. A water clock in the Yazd Water Museum is shown in Figure 5.3. This was used for timing irrigation water in Yazd, Iran, possibly in the 1950s,
 and comprises a small metal cup and larger ceramic bowl. In Nizwa, both bowls were of metal.  From Al-Ghafri’s work, it appears that the water clock was used in Saiq both day and night, and the time/water shares are also called tāsa, as shown in a falaj book for Falaj al-cAzīzī (1308/1891 MS 2316 in Dār al-Makhtūtāt, Muscat) (Figure 5.4).  According to Nasr al-Kharusi, wakīl (administrator) for Falaj Daris in Nizwa, interviewed on 7 April 2008, the sun and stars were used there before the water clock, which was first introduced probably over 200 years ago for daytime measurements and later for the night.
5.7.2 Sundials

The sundials in Oman generally comprise a vertical pole and lines on the ground demarking time intervals, which are defined by the movement of the shadow of the tip of the pole. Over the course of a year, the tip of the pole follows different curves: this is clearly seen in the sundial at Qarya after it was freshly painted following resurfacing of the road (Figure 5.5).  Qarya is located south of the Tropic of Cancer and so for a part of the summer, the sun is to the north, casting a shadow to the south of the pole.  Because the apparent motion of the sun is slower around midday compared to sunset and sunrise, the lines on the ground are close together near the pole and further apart away from the pole to give equal spaces of time. Few sundials have as many divisions as this one; there may only be a few lines but personal markers such as stones (here), coloured plastic or date palm leaves are widely used to show the exact time of someone’s water.   


The place where people come to tell the time: a sundial or (official) place for watching stars is called the muḥāḍara, as is the system of timing water shares.  It is often qualified as the day or night muḥāḍara, possibly meaning (the place of) witnessing (Lane, 1968. V2: 580).  The modern Arabic terms for a sundial,  mizwala and sāca shamsiyya given in the Encyclopaedia of Islam New Edition (Index Volume Fascicule 2 Glossary and Index of Terms: 401) have not been heard to date in the study areas.
6 THE  FALAJ  SYSTEM IN OMAN
This chapter provides a brief description of the different types of falaj, followed by an outline of the history of falaj construction in Oman, the use of falaj water for different purposes, particularly for agriculture, and the traditional methods of water management, within which the use of stars plays a small but possibly significant role. It is not intended to provide a comprehensive picture of falaj systems, only to set the picture for the information presented for the study villages in subsequent chapters.  For further detail on most aspects of the falaj system, the reader is referred to the authors listed in Table 3.1 (page 31).
6.1 Aflāj and their different types

In Classical Arabic, the term falaj, pl. aflāj, has many meanings, including to divide into shares and running water (Lane, 1968 vi: 2426), which relate to its present day use in Oman where it is applied to the whole system of tapping groundwater or wadi flow, transporting it and distributing it to fields by gravity flow. This term has been in use for a long time: it appears in al-Ḥawārī (fl. late 3rd/9th to early 4th/10th C) (1975. V 2: 212-228).
In the Encyclopaedia of Islam New Edition (Index Volume Fascicule 2  Glossary and Index of Terms, 2006: 235),  ”falaj” is described as:

the term used in Oman, Trucial Oman and Bahrain to designate an underground aqueduct with surface apertures to facilitate cleaning.  This type of aqueduct, which may be of Persian origin, is now called SĀḲĪ (pronounced sādjī, pl. sawādjī) in al-Aflādj, the district in Nadjd which takes its name from ~.

This definition is only partially correct for Oman, referring to only one type of falaj (the dā’ūdī type, see below) and only one part of the falaj system, that for conducting water from its source to the fields.  However, the information given helps to define the area in which this term was and is used.  
An inventory carried out by the Ministry of Water Resources (MWR) in the late 1990s found c. 4000 falaj systems, of which c. 3000 were still in use. Their locations are shown in Figure 2.1 (page 19): they are most commonly found in the north of Oman, in the foothills and low lands bordering the northern mountains. The MWR (eg MRMEWR, 2002: 7) recognises three types of falaj: ghaylī, caynī and dā’ūdī.  In all three, the hydraulic principle is similar, in that water is conveyed at a shallower gradient than it would flow naturally, and thus the land can be cultivated by gravity flow without having to lift the water either from the wadi or from the water table. 

The ultimate source of water for the falaj systems is rainfall within and near the mountains. Rainfall can directly recharge the aquifers with the mountains, mainly limestones and ophiolites, and it also runs off forming wadi flow, often only lasting for a few hours.  The wadi gravels, the main aquifer tapped by aflāj away from the mountains, are recharged from wadi flow and from seepage from the limestones and ophiolites. Water in the limestones and ophiolites is largely stored in and transmitted by fractures. The limestones are karstified, with numerous caves and give rise to some large springs. The ophiolites feed smaller, flashier springs: although they do not form what can be termed a major aquifer, they are present over a wide area and provide important local resources. The wadi gravels store water in and transmit it through pore spaces. In places they are cemented, and the water follows preferential flowpaths in the less cemented zones.
A ghaylī falaj (Figure 6.1 a) draws water from wadi flow, either at or just below the surface of the wadi bed.  Sluices are built to divert the flow, which may be channelled several kilometres to the area to be irrigated. The flow is highly variable, depending on recent rainfall and runoff, and sometimes stops altogether.  This type of falaj is therefore used mainly for seasonal crops, such as wheat and cotton. In the villages considered in this study, there are no ghaylī falaj systems.
An caynī falaj (Figure 6.1 b) draws water from one or more springs, which occur where groundwater meets the surface. There are many springs from the limestones and ophiolites in the Hajar Mountains which feed caynī aflāj. As for ghaylī aflāj, the water may be transported some distance before use and the base and sides of the channel are often sealed with cement to limit losses from seepage. 

A dā’ūdī falaj (Figure 6.1 c) like an caynī falaj taps groundwater. The main components are:

· shafts connected beneath the water table in the source area. The source is usually explored  first to ensure that the aquifer can supply the system;






· surface channels: usually a single channel through the main settlement after which it is divided to reach the cultivated areas; 

· one or more tunnels dug back into the watertable, with access shafts for removal of spoil and for ventilation; usually there is one main tunnel, but tributaries with subsidiary sources may also be built to provide sufficient flow. 

The source area acts like a collector well, providing a large surface area for groundwater to flow through into the tunnel, and also providing more storage than that present in the wadi gravels prior to excavation.

The dā’ūdī falaj is of the same design as the qanat (MSA qanāt, pl. qanawāt) systems of Iran, which are so numerous (Iran has over 20,000 such systems) and have been so widely written about, eg Goblot (1979), Beaumont et al. (1989), that the term qanāt has been applied to these systems in Oman, possibly first by Wilkinson (1974; 1977). However, in Oman, qanāt means a channel or canal as in its usual usage in MSA, and is sometimes used for the tunnel transporting water in the dā’ūdī falaj, but is not applied to the falaj system as a whole. This type of irrigation system is widespread in arid and semi-arid areas of the world with wetter hinterlands that provide groundwater recharge (see Goblot, cited above, and Lightfoot (2000) for example).

The caynī and dā’ūdī types of aflāj, which tap groundwater, have a more reliable yield than the ghaylī aflāj, which depend on surface or near surface flow.  All three types require regular maintenance of the channels for the removal of silt and plant roots. Occasional floods can cause considerable damage, and repairs are most difficult and costly on the tunnel sections of dā’ūdī aflāj.  However, modern repairs often use concrete to line the tunnel sections and shafts, at least outside the source area, potentially reducing any losses from seepage from the tunnel to the unsaturated gravels. This, and the protection of the tops of shafts with concrete lids, also reduces the likelihood of significant damage occurring in the future. 
6.2 History  of  falaj  construction

It is reasonable to assume that springs, i.e. caynī aflāj, have been used for irrigation as long as there have been agricultural settlements in the region, since at least the 3rd millennium BC (eg Cleuziou and Tosi, 2007: 139-151), and the use of water from the wadis, i.e. ghaylī aflāj, requires little additional engineering expertise.  The following discussion of the origins of aflāj therefore applies mainly to the dā’ūdī type, which require considerable expertise both for their construction and their maintenance. 
It appears that such aflāj were first  constructed in Oman (and adjacent countries in the Arabian Peninsula) when drier conditions, and possibly an increasing population, made irrigation necessary on a larger scale than that feasible with dug wells.  In legend, the dā’ūdī aflāj were created by the Prophet Sulaymān b. Dā’ūd (Solomon, son of David), who is thought to have lived in the 10th century BC. He is said to have stayed in Oman for 10 days and, because the land was so dry, ordered the jinn (genies) to dig 1000 such aflāj every day. This explains why this type of falaj is called “dā’ūdī” (Wilkinson, 1977: 130).   

Several authors, especially the earlier writers such as Wilkinson and Goblot, have concluded that the technique of falaj construction was introduced from Persia by the Achaemenids (c. 550 – 330 BC).  However, Lightfoot (2000: 224) refers to the possibility that a few aflāj were built in Oman before Achaemenid times, and at least six falaj systems dated to c. 1000 BC (Iron Age) have been identified in the United Arab Emirates and Oman (Al-Tikriti, 2002: 137). 

Al-Tikriti proposes that Iron Age aflāj in Oman and the United Arab Emirates are of a pre-Achaemenid local origin.  Regardless of the place and time that these systems were developed, his argument that they were built in Oman and adjacent countries in the Arabian Peninsula before Achaemenid times is convincing.  It is also consistent with the legend of King Solomon. I conclude that irrigation was generally necessary throughout this region in the Iron Age and that the majority of agricultural settlements of this period would have depended on falaj systems.
Jocelyn and Jeffery Orchard have published works on their excavations of Bronze Age (3rd millennium BC) settlements in northern Oman (eg Orchard, 1995), indicating an even earlier origin of aflāj, and one falaj system excavated by them near Bahla is attributed to c. 3000 BC (Orchard and Orchard, 2007: 150 - 151), during the Bronze Age. Since numerous Bronze Age settlements were dependent on agriculture, aflāj would have been needed if the climate were too dry for rain-fed agriculture and the population too large for wells to supply sufficient irrigation water.  Jorgensen and Al-Tikriti (2002, 2nd author incorrectly given as al-Tikiriti) present evidence for increasing aridity and a decline of groundwater levels from c. 2500 BC in the area of Al Ayn, UAE, but although several Bronze Age wells have been found, so far  there is no evidence of any Bronze Age aflāj  in that area.
   

According to Wilkinson (1977: 130), there were major developments of the falaj network in Oman during Achaemenid times and in the Sāsānian period (mid-3rd to mid-7th centuries AD).  His timing of the first period may be at least partly due to the assumption that the aflāj were introduced by the Achaemenids, but Goblot (1979: 56) mentions, without giving his source, that Cyrus the Great (d. 530 BC) and Cambyses II (d. 522 BC) ordered aflāj to be built in Oman.  Wilkinson (1977: 50) estimated that the area of land irrigated by aflāj was at its maximum in the late Sāsānian period.  There was another major period of construction and repair, following widespread destruction of aflāj during a period of civil war. from the mid-11th/mid-17th to mid-12th/mid-18th C during the rule of the Yacāriba Imams, when Oman was politically stable (Wilkinson 1977: 50).  

Although the origin of aflāj in Oman is uncertain, both in time and place, it appears that these systems have provided communities in this area with water for irrigation and domestic purposes for at least 3000 years.  As archaeological work in the area slowly progresses, earlier and earlier origins are being established.  It remains for the archaeologists and those researching climate change and the development of agriculture in the area to establish the origins of these systems.

Although it is now too expensive to construct new aflāj, several are of relatively recent construction, such as those in three satellite villages to Mudaybi (Zahib, Ridda and Al Shariq) which were built in the early 20th C. 
6.3 Falaj  water use 
6.3.1 The principle of sharing falaj water
There are many references to water in the Holy Qur’ān, especially to rivers flowing beneath gardens for the righteous in paradise (eg Sūrat al-Baqara, II: 23; Sūrat Āl cImrān III: 198); and rain  (eg Sūrat al-Baqara, II: 164) and springs (eg Sūrat Yā Sīn: XXXVI: 34) given by God for watering animals and growing plants.  Only a few verses refer to water rights, but the principle of sharing water is clear:  the following are taken from a translation into English by Ali (1968):

	Sūrat al-Shucarā’, XXVI: 155
He said: “Here is a she-camel: she  has 

A right of watering.

And ye have a right

Of  watering, (severally)

On a day appointed. 


	Sūrat al-Qamar, LIV: 27-28
For We will send

The she-camel 

By way of trial for them….
And tell them that 

The water is to be

Divided between them:

Each one’s right to drink

Being brought forward

(By suitable turns).

	
	


The Ḥadīths are sayings and deeds attributed to the Prophet that bear considerable weight in Islamic law.  They give more specific guidance on how water should be used, in particular on the amount and sequence of irrigation.  One Ḥadīth quoted by many authors explaining water rights (eg Wilkinson, 1974: 19) is that land should be watered to a certain depth in sequence, from upstream to downstream. But whatever the Qur’ān and Ḥadīths say, it appears that any arrangement for sharing water is acceptable provided that it is agreed by all parties (Wilkinson, 1977: 102).
Fiqh is defined in the (al-Ḥawārī, 1975)Index Volume Fascicule 2 Glossary and Index of Terms: 242) as “the technical term for jurisprudence, the science of religious law in Islam”.  In Oman, decisions made by the cUlamā’ (Muslim scholars of religion) have been written down from early times in collections of decisions or advice on various aspects of interpretation of Islamic law. These works generally comprise the posing of a problem or question, followed by the authority’s opinion on it.  One of the earliest works referring specifically to aflāj is the collection of al-Ḥawārī (d. early 4th/10th C), which has been transcribed and published by the Ministry of Heritage and Culture Encyclopaedia of Islam New Edition (. Wilkinson (1977: 258-265; 1978) provides descriptions of the substance of these rulings, which are mainly related to problems such as water rights and falaj maintenance: they do not address the practicalities of timing the water shares.
6.3.2 Order of water use

Traditionally, the aflāj in Oman provided all of the water needs of the agricultural settlements that they served, and in many places there was no other source of water. An outline of the order of falaj water use is given in Figure 6.2. For dā’ūdī aflāj, the first possible use of the water is from the access shafts: if these are left open they are free for anyone, not only the falaj community, to use for drinking or watering animals. However, the access shafts are rarely used these days, as most travellers buy water from pumped wells if needed.
  

Water from a dā’ūdī falaj usually reaches the surface just above the main settlement.  Drinking water was taken here from the main channel, the point known as the sharīca, first for humans, then animals, followed by ablutions at the mosques, baths, and a place for washing corpses, not always in that order except perhaps for the sharīca, which had to be located above other points of use to provide clean water. For caynī aflāj, the sharīca is located at any convenient point upstream of the settlement and the type and order of water use is the same as for  dā’ūdī aflāj. If the settlement was large and the sharīca therefore too far (more than 1 km, say) to provide ready access, wells would have been used for drinking water, as in Bahla.
 
The sharīca is described by Wilkinson as the point: where drinking water may be drawn; of first permitted use of water; of free access to all (1974: 13); and later as the point where pure water is drawn (1977: 267). It is defined in Wehr (1966: 466) as "a source, water hole, drinking place", and by Badger as  "From which to draw water, of a river" (1881: 1205).  Its other meaning is Islamic Law, and the two uses are clearly linked by the concept of what is lawful, and also perhaps by purity.
Apart from drinking water for humans, falaj water is still widely used for all of the domestic purposes mentioned above, several of which are illustrated in the section on the study villages. There are often additional places for bathing and for washing dishes and clothes within the irrigated area. Water is usually used directly within the main falaj channel or, in the downstream areas from subsidiary channels, with access provided at set locations by steps in the bank. 


Downstream of the first set of baths and mosques, often one of each for men and women separately, the channel is divided and subdivided so that water can reach all of the cultivated land. Movable dams, of stone, metal, cloth, wood and, more recently, concrete, are used to block some channels while others are running, so that the land is watered in order, either by position within the irrigated area or according to the ownership of water/ time shares. Each garden or individual plot has an offtake from one of the channels and more than one person may be needed:  for example, one to change the flow in the main or secondary channels, possibly controlled nowadays by concrete sluices, while another arranges the dams further downstream. 

Although people are free to grow whatever they want on their land, most will grow as many date palms as possible, a tree important not only for its fruit but also for use in many handicrafts such as rope and basket making.   Being perennial, date palms require water year round.  Seasonal crops such as alfalfa and wheat may be grown downstream of the date palms when there is sufficient water. 

Some of the water used for irrigation will percolate down past the root zone, and at the downstream end of the cultivated area, excess water either flows to the wadi or provides recharge to the aquifer. Thus falaj water may be reused by systems further downstream.
6.4 Significance  of  falaj  water to  agriculture

Since pumps for water wells were introduced to Oman in the 1970s, the use of wells, particularly deeper drilled wells, for agriculture has expanded, resulting in the lowering of groundwater levels and drying up of some aflāj.  Falaj systems have also declined due to many other factors, including the high cost of crop production compared with using wells, and the reducing importance of agriculture as a livelihood.  An analysis of these and other factors related to the sustainability of falaj agriculture is provided by Dutton (1995) and Al-Shaqsi (1996: 92-111) among others.   
Of the c. 1000 “dead” aflāj identified in the 1997 National Falaj Inventory Project (NFI), 15% were caynī, 31% dā’ūdī and 54% ghaylī.  This distribution probably 
reflects the insecurity regarding the flow rate of many ghaylī aflāj, and the relative ease of maintenance of caynī aflāj, as mentioned previously.  Despite these problems, falaj systems still play a significant part in agricultural productivity in Oman as shown in Figure ‎6.3. The quantities given all relate to 1997 since reliable statistics for more recent years are not available, but the situation is unlikely to have changed significantly,
 even though it is estimated that some 200 aflāj have gone out of use since then, mainly due to falling water levels.
 The dā’ūdī aflāj provide more water and irrigate an area greater than that of ghaylī and caynī aflāj combined (Al Sulaimani, Helmi and Nash, 2007: 5). 
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Figure ‎6.3  Water use in agriculture in Oman in 1997

million cubic metres (MCM) per annum

6.5 FALAJ  Organisation

This section applies to many, but by no means all, of the falaj systems of Oman, the main exceptions being those “owned” by a sheikh or by a single family as described by Letts (1978: 317). 

6.5.1 Falaj management
The affairs of the falaj are organised by the community, often by a group of village elders. They agree the appointment of officials responsible for keeping the books, organising repairs and the division of water.  Disputes over the allocation of water are normally resolved by the officials, but sometimes the sheikh or even the walī, the head of the administrative area, may get involved. Wilkinson (1977: 97-121) describes the system of administration, including the responsibilities of different officials, in some areas of Oman prior to the 1970s, and Letts (1978: 317-321) provides similar information for different area in the first half of the 1970s, illustrating a wide variation in how different communities administered their system. The fundamentals of the organisation remain the same today, although payment for services is now more often in cash rather than in kind, and many of the wealthier villagers hire people from the Indian sub-continent as farm hands. Many authors use the details given by Wilkinson to describe falaj administration, but, as illustrated by Letts, there are many differences from village to village and with time. Information on the administration is therefore given for each study village in the relevant chapter.
Much of the irrigated land and water is owned or rented by villagers, with a portion kept aside for falaj maintenance and for payments to the officials. Traditionally, there was an allocation for mosques and their schools and for the poor, but this practice is dying out as people become more dependent on the government.  In addition, agricultural produce was taxed prior to 1970 (Wilkinson, 1977: 146-148), and in at least one village some 10% of the crop was given to watchmen to guard the fields.
  

The affairs of the falaj are arranged around the irrigation cycle (dawrān), the time it takes to water all the land, which typically ranges from about  7 to 14 days (Al-Ghafri, 2004: 47).  The higher the flow rate, the more land can be watered and the longer the irrigation cycle.  Heavy soils require longer periods of inundation for water to reach the crop roots, so soil type is also a factor determining the length of cycle. The cycle may be varied, the most frequent change being, it seems, to lengthen it during periods of drought, so that the land is irrigated less frequently. When someone refers to their water share as, say, one athar, the meaning of which is discussed below, they generally mean one athar in each irrigation cycle, and in many places the shares for falaj maintenance are auctioned or sold every cycle.  The irrigation cycle is also often used as the period for changing the time of day at which a water share is taken, as illustrated in the chapters on the study villages.

Sustainability was the way of life in Oman only 40 years ago: because falaj systems use gravity flow, water use never exceeded water supply. The falaj system has survived for millennia, through periods of war and destruction, both needing and promoting a cohesive society. Because of their historical and cultural importance, five representative falaj systems, together with associated structures such as defensive towers, mosques sundials and buildings for water auctions, have recently been designated as a UNESCO World Heritage site (Al Sulaimani et al., 2007; MRM&WR, 2008).
6.5.2 Timing of water shares
Because the water in the aflāj flows continuously, it is used at night as well as by day so that it is not wasted.  Hence there is a need to distribute the water both day and night, and usually to tell the time in order to do so.  In many villages, before the advent of watches the sun was used by day and the stars by night to time the allocation of water.  The water clock was used in only a few places (section 5.7.1) and the terms described in this section relate mainly to the use of stars and the sun, rather than the water clock.  On cloudy nights, the water clock could be used as usual, but for the stars it was necessary to estimate the time either by using other, more visible, stars or from experience.  

The 24-hour day starts either at sunrise or sunset, and is often divided into two parts often called badda, one for day and one for night, although in some places the badda may be a full day or, at the other extreme, 1/3 day (Wilkinson, 1974: 25).  Dictionary definitions include بَيْنَهُمَ أَبَدّ (abadda baynahum) – “to divide among, giving a share” (Badger, 1881: 955), and baddada بدَّدَ  (Lane, 1968 1: 161), meaning to divide equally into shares.  While the lexica make it clear that the root is ((b.d.d), Wilkinson (eg 1974: 25) uses the form bāda, and current usage in both speech and writing in the study villages varies. The form badda is used from here on to avoid confusion.

Each day is divided into 48 athars, 24 by day and 24 by night, and so the athar is nominally half an hour.  People may own shares that are less than 1 athar but 1/24 of an athar, a little more than 1 minute, is the smallest practicable division, said to be enough to irrigate 1 palm tree Al-Ghafri (2004:  48), but of course this depends on the flow in the falaj.  
In the Encyclopaedia of Islam New Edition (Index Volume Fascicule 2  Glossary and Index of Terms, 2006: 169), the term athar  is defined as “a trace; .. a relic of the Prophet … especially impressions of his footprints”. In Wehr it is a track or trace (1966: 4), and in Badger (1881: 1114) “a mark left by something passing”, which could be taken as describing the path of the shadow of the pole of a sundial, or indeed of any object, and farmers may use their own bodies as a portable sundial (eg Letts, 1978: 322-323). 
Subdivisions of the athar by different falaj communities are described by Wilkinson (1977: 108-109), Al-Shaqsi (1996: 76, 78) and Al-Ghafri (2004: 48) among others, but were not encountered during the field work for this thesis.  The sahm, which I did not find mentioned in the above works, was, however, encountered in several villages. This is a time unit of water equal to 1½ athars, and therefore nominally ¾ hour. In the Encyclopaedia of Islam New Edition (Index Volume Fascicule 2  Glossary and Index of Terms, 2006: 482), it is described as denoting a fixed share in law. Badger (1881: 777-778, 955) defines it as a part assigned and as a portion. 

b)	An caynī falaj
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 Figure � STYLEREF 1 \s �5�.5  Sundial at Qarya showing the path traced by the pole’s shadow
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Figure � STYLEREF 1 \s �5�.4


Folio 1 from Falaj al-cAzīzī falaj book


(1308/1891)


courtesy of the Dār al-Makhtūtāt, Muscat





The term tāsa appears in lines 3, 9 and 11 in the main text below the heading.
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Figure � STYLEREF 1 \s �5�.3  Water clock in


Yazd Water Museum


courtesy of Majid Labbaf Khaneiki


Yazd International Qanat Center





Figure � STYLEREF 1 \s �5�.� SEQ Figure \* ARABIC \s 1 �1�  The celestial sphere


from Nave � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Nave</Author><Year>2007</Year><RecNum>166</RecNum><record><rec-number>166</rec-number><foreign-keys><key app="EN" db-id="0p95fsfwppx2sre22spp0zdrfadwa9dz2a5z">166</key></foreign-keys><ref-type name="Web Page">12</ref-type><contributors><authors><author>Nave, Rod</author></authors></contributors><titles><title>Celestial Sphere</title><secondary-title>Hyperphysics</secondary-title></titles><number>30 July 2007</number><dates><year>2007</year></dates><publisher>Georgia State University</publisher><urls><related-urls><url>http://hyperphysics.phy-astr.gsu.edu/hbase/eclip.html#c3</url><url>http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html (link)</url></related-urls></urls></record></Cite></EndNote>�(2007)�, with permission





Figure � STYLEREF 1 \s �2�.� SEQ Figure \* ARABIC \s 1 �3�  Introduction to village elders in Misfa





  Figure � STYLEREF 1 \s �2�.� SEQ Figure \* ARABIC \s 1 �2�   Study areas for investigation of stargazing in Oman   





Base map courtesy of Google Earth™ mapping services





Provided by MRM&WR for use by the author, April 2008
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Figure � STYLEREF 1 \s �2�.� SEQ Figure \* ARABIC \s 1 �1�


 Location of Oman and


distribution of aflāj  








b)	An caynī falaj





c) 	A dā’ūdī falaj





Figure � STYLEREF 1 \s �‎6�.� SEQ Figure \* ARABIC \s 1 �1�    Falaj types


based on MRMEWR � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>MRMEWR</Author><Year>2005</Year><RecNum>135</RecNum><Suffix>:40 Figure 3</Suffix><record><rec-number>135</rec-number><foreign-keys><key app="EN" db-id="0p95fsfwppx2sre22spp0zdrfadwa9dz2a5z">135</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>MRMEWR</author></authors></contributors><titles><title>Water Resources in Oman</title></titles><dates><year>2005</year></dates><pub-location>Muscat</pub-location><publisher>MRMEWR</publisher><urls></urls></record></Cite></EndNote>�(2005:40 Figure 3)�





Figure � STYLEREF 1 \s �‎6�.� SEQ Figure \* ARABIC \s 1 �2�  Order of falaj water use


from MRWEWR � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>MRMEWR</Author><Year>2002</Year><RecNum>103</RecNum><Suffix>: 9</Suffix><record><rec-number>103</rec-number><foreign-keys><key app="EN" db-id="0p95fsfwppx2sre22spp0zdrfadwa9dz2a5z">103</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>MRMEWR</author></authors></contributors><titles><title>Aflaj in the Sultanate of Oman</title></titles><dates><year>2002</year></dates><pub-location>Muscat</pub-location><urls></urls></record></Cite></EndNote>�(2002: 9)�

















Figure � STYLEREF 1 \s �5�.� SEQ Figure \* ARABIC \s 1 �2�  Navigational stars in the Indian Ocean





a)  	A ghaylī falaj





after Tibbetts � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Tibbetts</Author><Year>1971</Year><RecNum>138</RecNum><Suffix>: 297</Suffix><record><rec-number>138</rec-number><foreign-keys><key app="EN" db-id="0p95fsfwppx2sre22spp0zdrfadwa9dz2a5z">138</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Tibbetts, G.R. </author></authors></contributors><titles><title><style face="normal" font="default" size="100%">Arabic Navigation in the Indian Ocean before the coming of the Portugese, being a Translation of Kit</style><style face="normal" font="default" charset="134" size="100%">āb al-fawā</style><style face="normal" font="default" size="100%">’id f</style><style face="normal" font="default" charset="134" size="100%">ī us</style><style face="normal" font="Wingdings" charset="2" size="100%">)</style><style face="normal" font="default" charset="134" size="100%">ūl al-bah</style><style face="normal" font="Wingdings" charset="2" size="100%">)</style><style face="normal" font="default" size="100%">r wa’l qaw</style><style face="normal" font="default" charset="134" size="100%">ā</style><style face="normal" font="default" size="100%">’id of Ahmad b. M</style><style face="normal" font="default" charset="134" size="100%">ājid al Najdī</style></title><secondary-title>Oriental Translation Fund New Series</secondary-title></titles><number>Vol. XLII</number><dates><year>1971</year></dates><pub-location>London</pub-location><publisher>The Royal Asiatic Society of Great Britain and Ireland</publisher><urls></urls></record></Cite></EndNote>�(1971: 297)�


































































































� The positions of most people mentioned in Oman are given for the period 2005 – 2007.


�   An archaeological project directed by Jocelyn Orchard, Jeffery Orchard and Jennifer Scarce operating in northern Oman since 1980.


� Sudayra 15 November 2006, see section 10.5.


� Abdullah Al-Ghafri personal communication, 1 April 2008.


�  Majid Labbaf Khaneiki, International Center on Qanats and Historic Hydraulic Structures, e-mail of 11 August 2008.


�  Al-Tikriti,  personal communication, 21 November 2006.


�  Ali Al-Yahyai,  personal communication,  8 March 2005.


�  Abdullah Al-Jafri,  personal communication,  2 March 2005.


�  Hamad Al-Hatmi,  personal communication, 25 March 2008.


� Tariq Helmi,  personal communication, 15 April 2008.


�   Al-Hatmi, personal communication regarding his home village - Al Hajar, 17 March 2007.
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