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Abstract: In this chapter we examine calendars in general and also give a condensed political history of the region.
We then discuss the influences of Indian, Chinese, and Islamic astronomy in Southeast Asia. In subsequent papers
in this series we will examine in detail the astronomy and calendars found in Burma (Myanmar), Thailand, Laos,
Cambodia, Vietham, Malaysia and Indonesia, and the inscriptions, manuscripts and horoscopes associated with

them.

We have already written about most of these regions previously, but in this series of papers we will update our
earlier publications and synthesize them in order to present a detailed coherent picture of the calendars of SE Asia.
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“The investigation of the transmission of mathematics and astronomy is one of the most powerful
tools for the establishment of relations between different civilizations”. (Neugebauer, 1952: 1).

1 WHAT IS A CALENDAR?

A calendar' is a device for measuring and or-
ganising time and is an integral part of everyday
society and is often closely connected with re-
ligion and have been used from the earliest
times to regulate agricultural and economic
activities. The sky with its constellations of stars
can serve as an anchor for a calendar. Many
cultures in Southeast Asia and elsewhere used
the heliacal rise of the Pleiades or of the
constellation of Orion for this purpose, marking
the beginning of the harvest year. The spring or
autumn equinoxes or the summer or winter
solstices have also been used in the same way,
an example is the Indonesian mangsa calendar;
and the Egyptians used the heliacal rising of
Sirius. Again, the early Roman calendar started
the year close to the spring equinox in March
and we can still see in the names of the Western
months, September, October, November and De-
cember that they were once months seven to
ten in a lunar calendar starting the count with
March. Calendars have with few exceptions a
strong relation to astronomy.

The solar day is the natural unit of time for
most calendars. One of the ideas of a calendar
idea is to attach a unique identifying tag to each
day, its date, as when specifying the year, month
and day, although there are several other op-
tions to achieve the same goal—for example by
adding redundant information like specifying the
weekday.

In some cases, also the time of the day is
specified as is done with the Indian lagna or
rising sign of the zodiac. Solar days are struc-
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tured in larger units or cycles like weeks, months
and years. People of all ages have used dif-
ferent natural or artificial periodic cycles in order
to construct their calendars. An early natural
cycle, certainly used since the dawn of hu-
manity, is the cycle of the phases of the Moon.
This gives a system of easily manageable time
blocks, the full phase cycle of 29 or 30 days, the
synodic month and the time between the dif-
ferent lunar phases, about seven days that may
be the origin of the 7-day week that is very
ancient. The Islamic calendar is one such pure
lunar calendar, the start of each lunar month be-
ing determined by the first visual observation of
the New Moon crescent in the evening, with the
year having 12 such lunar months where there
is little or no need of any numerical calculation.
Examples of more artificial calendar cycles with
little connection with natural events are the 260-
day tzolkin used by the Mayans based on sub-
cycles of 13 and 20, and the 210-day Balinese
Pawukon calendar.

Calendars can be divided into two types:
astronomical calendars based on real events in
the sky like the original Islamic calendar men-
tioned above and the Chinese calendar; and
arithmetic calendars based on cycles and/or
arithmetical rules although with relations to the
celestial sky. Most of the calendars in South-
east Asia are of the latter type.

Different calendar schemes begin the solar
day at different times. India has two canonical
variants that are relevant here, the Sdryasid-
dhanta canon, in which the astronomical day
begins at midnight, the ardharéatrika system, and
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the Aryabhéata canon where it begins at sunrise,
the audayika system. The civil day in the calen-
dars of Southeast Asia normally begins at sun-
rise but the astronomical day begins at midnight.
This in some cases creates an ambiguity in
determining the day number and the name of
the weekday, there can be different weekdays
and day numbers if the time of the day is located
between midnight and sunrise, depending on
whether the astronomical or civil convention is
used. In the Islamic calendar the civil day al-
ways begins at sunset.

Once agriculture became common, there
was a need for calendars that were correlated
with the seasons, i.e. with the Sun. Such a
calendar is the Egyptian calendar having a year
of 12 months of 30 days each and five extra
days, in total 365 days, a rather crude approx-
imation to the true solar year but later improved
with an extra leap day. The Western Julian and
Gregorian calendars are examples of solar cal-
endars that follow the seasons quite accurately
by using leap days although an implicit lunar
calendar is still used to determine Easter and
the ecclesial year. A happy compromise can be
made by combining the solar and lunar calendar
into a luni-solar calendar.

In luni-solar calendars there are four se-
quences of time that need to be synchronised:
the progress of the Sun, the solar calendar, the
lunar calendar, and the progress of the Moon.
As a solar year is slightly more than 365 days,
and a solar calendar contains an integral num-
ber of days, there is a need to insert leap days,
resulting in a solar calendar year with 365 or
366 days. The Julian calendar, in use before
CE 1582 (Common Era), intercalates a leap day
every four years, in every year divisible by four,
and approximates the solar year with an aver-
age of 365.25 days. The Gregorian calendar
fine-tunes this by skipping the leap day every
century year where the century is not divisible
by four and has a solar year with 365.2425
days, a rather good approximation of the real
tropical solar year with 365.2422 days.” The
Indian luni-solar calendars in Southeast Asia
use a sidereal solar year with 365.25875 days
or in the later Burmese luni-solar calendar
based on the modern Sdryasiddhanta with
365.25875648 days. Such solar years will be
about 11 days longer than a lunar year with 12
synodic months with a mean length of about
29.5 days and giving a total of about 354 days.
In order to synchronise the lunar and solar
calendars, the usual procedure is to intercalate
extra lunar months from time to time. Finally, in
order to synchronise the lunar calendar with the
Moon there may also be a need to intercalate
extra days in the lunar calendar (Gislén, 2018).
The intellectual task of solving the intercalation
problem has generated a host of interesting
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calendar variants and calculation schemes
(Reingold and Dershowitz, 2018) and often stim-
ulated the science of mathematics.

The Babylonians originally had an astro-
nomical lunar calendar with months, which, like
the Islamic calendar, started with the first visual
observation of the New Moon crescent. This
automatically synchronised the lunar calendar
with the Moon. The synchronisation with the
Sun was done by requiring that the start of the
lunar year should not deviate too far from the
spring equinox, and if it did, an extra lunar
month was inserted and there was not in this
respect a need for a separate solar calendar.
From around the fourth century before the
Common era (BCE), the Babylonians were able
to predict the appearance of the New Moon by
calculation and also switched to a more rigid
system with seven intercalary lunar months in
19 solar years, inserted at fixed years 3, 6, 8,
11, 14, 17 and 19 in the 19-year cycle and
giving a total of 235 lunar months in each 19-
year cycle. This Metonic cycle is quite accurate:
19 tropical years of 365.2422 days are almost
equal to 235 synodical months of 29.53059
days, where 19 x 365.2422 = 6939.6018 days,
and 235 x 29.53059 = 6939.6886 days. The
cycle has its name from the Greek astronomer
Meton who lived in the fifth century BCE but it
was known much earlier to Babylonian and
Chinese astronomers. This reckoning gives a
good synchronisation between the Sun and the
lunar calendar. A similar scheme was inherited
and used in the Jewish calendar and in some
ancient Greek calendars. The advantage of a
fixed computational scheme is that it is possible
to plan and predict future events like gatherings
and celebrations and thus serves as an
important administrative tool.

All the regions of Southeast Asia had some
kind of luni-solar calendar from around the sev-
enth century, brought from India by Buddhist
monks. The exception is Vietham which was
heavily influenced by Chinese luni-solar cal-
endars. Indonesia early adopted a calendar that
was close to the original Indian Sdryasiddhanta
calendar (Eade and Gislén, 2000) but with a
slightly different intercalation pattern. Quite ear-
ly, around the sixth and seventh century in the
Common era, Islamic traders visited Indonesia,
being interested in the profitable spice trade. In
the thirteenth century, Islam was spreading in
the area, starting with northern Sumatra and the
Malay Peninsula and replacing Hinduism. Other
Indonesian areas gradually adopted Islam and
by the sixteenth century it was the dominant re-
ligion in Java. Bali was the last region to retain
a Hindu majority. In CE 1633, Sultan Agung
formally inaugurated the Islamic calendar in
Java but it had a slightly modified intercalation
scheme as compared with the original Islamic
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calendar and was combined with the traditional
five- and seven-week calendrical systems while
retaining the Saka era, CE 78. Burma, Laos,
Thailand, and Cambodia, on the other hand
retained calendars clearly inspired by India but
with a more rigid way of intercalating months
and days.

These calendars ceased to have official sta-
tus in several mainland Southeast Asian states
with the arrival of the European colonialism but
are still used for cultural and religious festivals.
The Gregorian calendar was adopted in Cam-
bodia in 1863, in Burma 1885, and in Laos
1889. In 1888 it also became the official civil
calendar in the independent Kingdom of Siam
that today is Thailand and in 1954 the Gregorian
calendar became the official civil calendar in
Vietnam.

2 POLITICAL HISTORY

The political history of Southeast Asia is long
and complicated. From early on, the Mainland
was dominated by the Funan states, encompas-
sing modern-day Cambodia, southern Vietnam,
Laos and eastern Thailand, with different Hindu
powers profiting from the trade between India
and China. The maritime Southeast Asian trade
was dominated by the powerful Srivijaya state.
As its influence declined, the Khmer Empire
expanded and experienced its golden age from
the eleventh to the thirteenth century CE when
it controlled the major part of the Mainland. In
the east, in what is now central Vietnam, the
Champa state ruled, and in the west from
around CE 1050 the Pagan Kingdom in what is
now Burma was on the rise. During the thir-
teenth century CE, the region experienced sev-
eral Mongol invasions in Burma, Dai Viét (pres-
ent northern Vietnam) and Java that weaken-
ed or destroyed the established powers. The
southern archipelago saw the rise of the Maja-
pahiti Empire in eastern Java. This empire suc-
cessively grew to control also the southern
Malay Peninsula, Borneo, Sumatra, and Bali.
Around CE 1200 the Thai state of Sukhothai in
the north of present-day Thailand was created at
the expense of the weakened Khmer Empire.
Around CE 1350 the Thai states were united in
the Ayutthaya Empire. At its peak it controlled
the larger part of the Mainland, fighting frequent
wars with the rival Khmer and the Burmese
states. The Ayutthaya Kingdom lasted until about
1750 when it was destroyed by the Burmese. In
the north, also aided by the decline of the Khmer
Empire, the Lan Xang state rose in power and
finally became what is now Laos. In maritime
Southeast Asia, the Majapahiti state collapsed
around CE 1500 and was replaced by Islamic
sultanates in Java and on the Malay peninsula
and finally most of what is present-day Indo-
nesia was dominated by Islamic powers.
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Dai Viét was dominated by Chinese rule up
to the middle of the tenth century. Until the
French colonisation in CE 1858 it was, except
for some shorter periods, independent and for
much of the time ruled by different warlords and
expanded southward. In 1471 the Vietnamese
invaded and reduced the Champa state to a
small enclave and many of its inhabitants fled to
Cambodia.

Western influence started in the sixteenth
century with the arrival of the Portuguese in Ma-
lacca. Throughout the seventeenth and eight-
eenth centuries the Dutch established the Dutch
East Indies; the French Indochina; and the Brit-
ish Strait Settlements. By the nineteenth cen-
tury all the countries in Southeast Asia were
colonised except for Siam (Thailand). In World
War Il, Southeast Asia was invaded and occu-
pied by the Japanese. After the war, Burma
(Myanmar) became independent in 1948, Cam-
bodia and Laos in 1953, Indonesia in 1945,
Vietnam in 1976, and Malaysia in 1948.

Table 1: The Indian zodiacal signs.

Solar English Associated
Month Translation Lunar Month
Mesa oy Ram Vaisakha | d9=T@
Vrsabha quyq Bull Jyesta @'g
Mithuna | 1A Twins Asadha LI
Karka D Crab Sravana Hqu
Simha Rig Lion Bhadrapada | HsUal
Kanya CZall Virgin Asvina B

Tula Rl Balance Karttika HIRID

Viscika | 9@ | Scorpion Mrgasirsa | GRS
Dhanusa Yqv Bow Pausa oy

Sea
Makara HbX Monster Magha HHYT
Water-

Kumbha P carrier Phalguna BIR[T

Mina = Fish Caitra =

3 INDIAN, CHINESE AND ISLAMIC
INFLUENCES

3.1 Indian Influences

The roots of astronomy in India are very ancient.
Some concepts certainly were introduced al-
ready in Vedic times, and there are indications
of ideas coming from Hellenistic and Persian
astronomy from around the times of the begin-
ning of the Common era, especially in astrology.
The Indian zodiacal names are direct trans-
lations of the Greek ones (Table 1). Many Ind-
ian astronomical terms can be traced to Greece,
like Sanskrit kendra, lipta from Greek xvzpov,
Aerrov. Other influences may have come from
Babylonia and China and certainly there are
many independent Indian ideas. There is still an
on-going and sometimes heated debate on the
details of these roots. Indian astronomical ideas
were transmitted to Southeast Asia and also to
Nepal and China, and they influenced Muslim
astronomers like al-Khwarizmt and al-Biranr.
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Most of the calendars in Southeast Asia,
except the ones in Vietnam, are closely related
to the original Sdryasiddhanta canon in India
conceived around CE 500 by the mathematic-
ian-astronomer Aryabhata (CE 476-550; Bill-
ard, 1971: 80, Mercier, 2012). This canon is dif-
ferent from the modern Sdryasiddhanta treated
by Burgess (2000) which is a later improvement
of the original canon. The modern Sdryasid-
dhanta uses updated values for the rotational
periods and apogees of the Sun, the Moon, and
the planets and a more involved model for the
true longitudes. The backbone of the luni-solar
calendar in the Saryasiddhéanta is a sidereal so-
lar calendar, i.e. a calendar where the solar year
is determined by the return of the Sun to the
same location relative to the fixed stars, in con-
trast to the tropical year that is based on the
return of the Sun to the vernal point, the cros-
sing between the ecliptic and the celestial equa-
tor.

to Polaris

/

\

Figure 1: Precession of the equinoxes [diagram:
Lars Gislén).

By the precession of the equinoxes, the
vernal point is slowly receding westwards rel-
ative to the stars by about 1° in 72 years. This
movement of the equinoxes is caused by the
gravitational forces of the Sun and the Moon on
the equatorial bulge of the Earth. These forces
cause the rotational axis of the Earth to move
like that of a spinning top on a table, tracing out
a cone with an apex angle of close to 23.5° and
with a period of about 26,000 years (Figure 1).
Superimposed on this motion are much smaller
deviations, the nutation, with shorter periodicity
mainly due to the inclination of the lunar orbit
relative to the ecliptic. These small deviations
can be ignored in our context. The precession
of the equinoxes was probably known already to
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the Babylonians but it was the Greek astrono-
mer Hipparchus who around 130 BCE by his
observations concluded that the rate of preces-
sion was about 1° per century. Ptolemy claims
in the Almagest that he got precisely that value
also from his observations (Toomer, 1984). The
correction for precession from the time of Hip-
parchus, 266 years earlier, would then amount
to 2° 40". In reality the precession rate is about
1°in 72 years and the correction for precession
should be 3° 40', a difference of 1°, and indeed
the longitudes of the stars in Ptolemy’'s star
catalogue are in error by precisely this amount
when compared with modern calculations. 1t is
now (reluctantly) accepted that Ptolemy’s star
catalogue is a copy of an earlier, now lost, Hip-
parchean star catalogue that Ptolemy up-dated
with his value of the precession although this
conclusion has been hotly debated (e.g. see
Grasshoff, 1990; Newton, 1977). When later
Arabic and Persian astronomers measured the
rate of the precession rate and found a larger
value for it, they tried to explain this fact by
inventing the erroneous hypothesis of the trep-
idation of the equinoxes, assuming that the equi-
noxes in addition to a constant motion also
oscillated back and forth. The hypothesis of the
trepidation of the equinoxes remained part of
Medieval Western astronomy until the time of
Kepler. In Indian astronomy the precession rate
is described by a zig-zag function with a period
of 3,600 years and an amplitude of 27°. When
day length, shadows and parallax in solar
eclipses are calculated it is necessary to use
tropical ecliptic longitudes, i.e. sidereal longi-
tudes corrected for precession.

The sidereal year is slightly longer than the
tropical year, its current value being 365.25626
days, while the tropical year has 365.2422 days.
The early Indian calendar that will be considered
here, uses a sidereal year of 365.25875 days
(Billard, 1971: 75), where the basis of this reck-
oning is the assumption that the Sun makes
4,320,000 circuits (bhagana) around the Earth in
1,577,917,800 days, the mahayuga. The epoch
of this calendar, the Kaliyuga era, is midnight at
Ujjain on 18 February CE —3,101 (3102 BCE),’
Julian Day 588465.5." Ujjain is the prime mer-
idian or Greenwich of India, situated at longitude
75.8° E and latitude 23.2° N in the state of
Madhya Pradesh. At epoch the Sun, the Moon
and the planets were all assumed to have mean
longitude zero. In the early version of the Indian
calendar, each solar month starts when the
Sun’s mean sidereal longitude reaches a mult-
iple of 30° i.e. when the mean Sun enters a
new zodiacal sign. This aligns the solar calen-
dar with the mean Sun and results in twelve
solar months, each with the same length of
365.25875/12 = 30.43823 days. The entry of
the mean Sun in a zodiacal sign can occur at
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any time of the day but the civil solar month
starts on the following sunrise.

The Sdryasiddhanta lunar calendar was in
early times based on the mean synodic month.
The lunar sidereal motion is expressed as the
Moon making 57,753,336 sidereal circulations in
1,577,917,800 days. This means that relative
to the Sun, the Moon makes 57,753,336 —
4,320,000 circulations, i.e. each circulation takes
1,577,917,800/(57,753,336 - 4,320,000) =
29.530587 days, the length of the mean synodic
month. This is a very accurate value; the pres-
ent current value is 29.530589 days. A synodic
month starts when the Moon and the Sun have
the same longitude, at New Moon, or in some
parts of India when the Moon is opposite to the
Sun, at Full Moon. The name of the lunar month
is associated with the solar month in which the
lunar month starts (see Table 1). As with the
solar month the lunar month can start at any
time of the day but the civil lunar month starts on
the following sunrise. The fact that the mean
synodic month is shorter than the mean solar
month means that there will sometimes be two
lunar months starting in the same solar month,
i.e. a second New Moon at a time when the Sun
is still in the same sign as at the previous New
Moon. The first of these two months is then an
intercalary month, adhikamasa but will otherwise
have the same name as the second month. In
this way there will be a lunar month intercalation
when it is needed and the synchronisation be-
tween the solar and lunar calendars will be auto-
matic.

Figure 2 illustrates the system of month in-
tercalation. Lunar month 1 begins in solar
month A and will get the lunar month name
associated with solar month A. Likewise lunar
month 2 will start in solar month B and get the
corresponding name. However, lunar months 3
and 4 both begin in solar month C and will both
get the name associated with C, the first of
these lunar months with the name prefixed by
the word adhika. Lunar month 5 starts in solar
month D and will get the name associated with
this month.

In Southeast Asia the system was changed,
such that the extra month was confined to the

Solar months

l - | B | C | i | E J

L 1 J 2 4 3 | 4 | 5 |

Lunar months

Figure 2: Month intercalation (diagram: Lars Gislén).

first (in the Arakanese calendar) or fourth month
(in the Makaranta, Thandeikta, and Thai calen-
dars) of the lunar year.

An important quantity in Indian astronomy is
the tithi, or lunar day, a time interval being 1/30"
of a synodic month, a concept found already in
Babylonian astronomy, a tithi being the time it
takes for the distance between the Sun and the
Moon to increase by 12°. The tithi can also re-
fer to the position of the Moon relative to the
Sun in terms of these 12° intervals. The tithis
are numbered from one to fifteen waxing (Sukla),
the fifteenth being Full Moon, purnima, then
from one to fifteen waning (krsna), the last day
being amavasya, New Moon (see Table 2). The
lunar days in a lunar month are denoted by the
number of the tithi in force at sunrise. As the
mean tithi is shorter than a civil solar day, there
will occasionally be a tithi that is not in force at
sunrise of the morning of any day in the month.
The tithi is then suppressed and that lunar
month will have only 29 days. This procedure
will align the lunar calendar with the (mean)
Moon.

Later, true solar and lunar months and
days were introduced in the Indian luni-solar cal-
endar. The length of both the solar and lunar
month then varied, making the intercalation
system mathematically more complicated but
still using the same principle for intercalation.
One consequence of using true longitudes is
that, very rarely, there is no lunar month starting
in a solar month and then the corresponding
lunar month is suppressed, ksayamasa. Also, in
some rare cases a tithi will be assigned to two
solar days. In the modern Indian luni-solar cal-
endar there are some amendments to the can-
onical parameters, the number of days in the
modern Sdryasiddhanta in a mahayuga is for
instance 1,577,917,828 resulting in a slightly
longer sidereal year.

Table 2: Tithi and karana names.

Tithi Karana Tithi Karana Tithi Karana
1: Pratipada $ukla | Kimstughna-Bava 11: Ekasast sukla Vanija-Visti 21: Sastht krsna Gara-Vanija
2: Dvitlya $ukla Valava-Kaulava 12: Dvadasr $Sukla Bava-Valava 22: Saptami krsna Visti-Bava
3: Trtiya Sukla Taitila-Gara 13: Trayodasi Sukla Kaulava-Taitila | 23: AstamT krsna Valava-Kaulava
4: Caturtht Sukla Vanija-Visti 14: Caturdast Sukla Gara-Vanija 24: Navam1 krgna Taitila-Gara
5: Pancamt sukla Bava-Valava 15: Purnima Visti-Bava 25: Dasami krsna Vanija-Visti
6: Sastht Sukla Kaulava-Taitila 16: Pratipada krsna Valava-Kaulava | 26: Ekasasi krgna Bava-Valava
7: Saptam1 sukla Gara-Vanija 17: Dvitiya krsna Taitila-Gara 27: Dvadasr krsna Kaulava-Taitila
8: Astami Sukla Visti-Bava 18: Trilya krsna Vanija-Visti 28: Trayodasi krsna Gara-Vanija
9: Navami sukla Valava-Kaulava 19: Caturthi krsna Bava-Valava 29: Caturdasi krsna Visti-Sakuni
10: Dasami Sukla | Taitila-Gara 20: Paficami krsna Kaulava-Taitila | 30: Amavasya Naga-Catuspada
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Table 3: Naksatra names.

Naksatra
1: Asvint 10: Magha 19: Mdla
2: Bharant 11: Purvaphalguni | 20: Purvasadha
3: Krttika 12: Uttaraphalugt 21: Uttarasadha
4: Rohint 13: Hasta 22: Sravana
5: Mrgasiras 14: Citra 23: Danistha
6: Ardra 15: Svati 24: Satabisaj
7: Punarvasi 16: Visakha 25: Purvabhadrapadra
8: Pusya 17: Anuradha 26: Uttarabhadrapadra
9: Adlesa 18: Jyestha 27: Revatl

Much of the astronomical Indian Sanskrit or
Pali technical terminology has passed over to
the Southeast Asian astronomy, the Indian ahar-
gana,5 the number of elapsed days from the
epoch, for instance, becomes horakhun in Thai-
land and Laos and haragon/tawana in Burma.
The Indian origin of the Southeast Asian names
of the solar and lunar months can often easily
be recognised. The terms rasi, angsa, and lipta
for zodiacal signs, degrees, and minutes of arc
are Indian heritage (Gislén and Eade, 2020).

Also inherited from India in Southeast Asia
are the concepts of tithi, naksatra, and yoga.
The naksatra gives the position of the Moon
relative to the stars, the ecliptic now being di-
vided into 27 parts, each spanning 13° 20". This
agrees approximately with the Sdryasiddhanta
sidereal period of the Moon 1,577,917,800 /
57,753,336 = 27.32167 days. Finally, the yoga
is an artificial construction, being the sum of the
longitudes of the Sun and the Moon, used in
astrology and with the same division into 27
parts as the for the naksatra. The Thai term for
the naksatra is rcek and the Burmese term is
nekkhat. The Indonesian records use the Indian
names for the naksatras, and yogas (see Tables
3 and 4). Each tithi is further divided into two
karanas (see Table 2). Other examples of Ind-
ian influence are the division of the day (24
hours) into 60 nadi, Thai nathi, Burmese nayi,
each nadi being subdivided into 60 vinadi/
vinathi/bizana, and the concept of lagna, the
ascendant or the rising sign of the zodiac.

The Sdryasiddhanta canon also contains
parameters and algorithms for the calculation of
the sidereal longitudes of the planets, for the
lunar node (Rahu) and apogee and for a fictive
body, Ketu, that in Southeast Asian astronomy
orbits the sky with a speed ten times that of

Table 4: Yoga names.

Yogas
1: Viskamba 10: Ganda 19: Parigha
2: Priti 11: Vrddhi 20: Siva
3: Ayusmat 12: Dhruva 21: Siddha
4: Saubhagya 13: Vyaghata 22: Sadhya
5: Sobhana 14: Harsana 23: Subha
6: Atiganda 15: Vajra 24: Sukla
7: Sukarman 16: Siddhi 25: Brahman
8: Dhrti 17: Vyatipata 26: Indra
9: Sila 18: Variyas 27: Vaidhriti
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Rahu and in the same retrograde direction.
These computational schemes are taken over
by several of the Southeast Asian calendars,
albeit with somewhat simplified parameters.

Both the Burmese and Thai calendars use a
period of 800 years containing 292,207 days
for the Sun. This is nothing but the Sarya-
siddhanta canonical numbers 4,320,000 and
1,577,917,800 divided by 5,400 and is an ob-
vious heritage from India. Most of the Indian-
influenced calendars in Southeast Asia use the
notation of elapsed years, the first year of the
era being zero.

3.2 Chinese Influences

The Chinese calendar is very old, having roots
back in the fourteenth century BCE and there
have been more than 50 calendar reforms since
then (Reingold and Dershowitz, 2018). It is
a luni-solar calendar based on astronomical
events, not on arithmetical rules, involving the
longitudes of the Sun and the Moon. This cal-
endar has had a strong influence on those of
Korea, Japan and Vietnam and also to some
extent on the Tibetan calendar. Since CE 619
true longitudes have been used for the Moon
and since CE 1645 also for the Sun. The ver-
sion described below is the CE 1645 imple-
mentation taken from Reingold and Dershowitz
(ibid.).

The Chinese year consists of lunar months
where the arrangement of these months de-
pends on the position of the Sun in the zodiac.
The Chinese zodiac is divided into 24 solar
terms each corresponding to a 15°-segments of
which there are 12 major solar terms starting at
the beginning of the zodiacal signs and 12 minor
terms starting at the middle of the signs. A solar
month then consists of one major and one minor
term. The dates and times for these solar terms
depend on when the Sun enters the respective
terms which in turn depends on the geograph-
ical longitude adopted for the calendar. Before
CE 1929 the Chinese calendar used the mer-
idian of Beijing as the prime meridian, after that
the meridian for Chinese standard time, UTC +
8 hours has been used. The solar term corre-
sponding to the winter solstice determines the
intercalation of lunar months in the calendar.
Between two winter solstices there can be either
twelve or thirteen new Moons, in the latter case
there will be an intercalary month, otherwise the
year will be a normal one with twelve lunar
months. Chinese lunar months begin at New
Moon on midnight of the day at the prime mer-
idian. The arrangement of the lunar months is
determined by the rule that the winter solstice
always occurs during the eleventh month.
There is a second rule for an intercalary year
that determines that the intercalary lunar month
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should be the first month that is wholly within a
solar month. An equivalent formulation of the
rule is that if two lunar months start in the same
solar month, the first one will be intercalary. In
this formulation it is identical to the rule for an
intercalary month in the Indian calendar. As the
calendar is astronomical it is automatically
synchronised with the Sun and the Moon and
the winter solstice rule will align the solar and
lunar calendars. In China the required calcu-
lations were made by the imperial astronomers.
There were many reforms of the calendar, each
new dynasty changing the intercalary rules in
order to be seen to make the calendar more per-
fect.

The Vietnamese calendars have many simi-
larities with the Chinese calendar but with some
substantial differences. The other calendars in
Southeast Asia have less Chinese influence
except in the use of sexagesimal cycles. In
Northern Thailand sexagesimal cycles are used
for days and years that show a great similarity to
the Chinese sexagesimal year cycle built on a
combination of a 10- and a 12-year cycle. The
year names in the 12-year cycle are the same
as the Chinese ones except for the last one that
is sometimes ‘Elephant’ instead of ‘Pig’ (Davies)
and in Vietnam ‘Rabbit’ is changed to ‘Cat’. It
seems that these names, originally Chinese,
were borrowed from Old Viethamese into the
Khmer language during the pre-Angkor era and
then spread to the Thai region (Ferlus, 2013).
However, the Thai decimal cycle names differ
from the corresponding Chinese ones and seem
to have a separate origin. The sexagesimal day
cycle in Northern Thailand is also combined with
the seven-day week cycle to create a 420-day
cycle. This is a very valuable dating comple-
ment in cases where calendrical records are
accompanied by sexagesimal information. In
Burma there is also a 12-year cycle but there
the years take the names of the Indian lunar
months.

3.3 Islamic Influences

The original Islamic calendar is a purely obser-
vational and strictly lunar calendar. The start of
each month is determined by the first sighting in
the evening of the New Moon crescent. The
year contains twelve lunar months. There is no
cyclical intercalation of months or days. The
mean year length is a little more than 354 days
which means that it is not fixed in relation to the
seasons and the solar year but migrates through
the solar year over a period of about 32 years.
The epoch of the calendar is CE 16 July 622,
the exit from Mecca by the prophet Mohammad.

The observer-based foundation of the cal-
endar presented some problems when Islam
and the calendar was introduced in regions with
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a larger time difference from the Middle East
and thus created observational differences in
the start of the months and in many places a
modified arithmetic Islamic calendar was used.
This calendar has a fixed set of twelve months
with alternate 30 and 29 days and a 30-year
cycle for the intercalation of an extra day in
eleven years, added to the last month. The
intercalary years are the cyclic years 2, 5, 7, 10,
13, 16, 18, 21, 24, 26, and 29 (Reingold and
Dershowitz, 2018). Some Muslims use the cy-
clic year 15 instead of 16. The Islamic calen-
dars adopted in the Southeast Asia archipelago
introduced still more variants trying to adapt the
calendar to the traditional cyclic 7- and 5-week
patterns of the region.

4 CONCLUDING REMARKS

Calendars are an interesting feature of South-
east Asian nations not least because they reveal
the influences of the flanking powers, China and
India, but also display their own distinctive local
innovations. Calendars are intimately connect-
ed with religious and other festivals and com-
memorations as well as with agriculture and are
often defended fiercely as part of the cultural
tradition against foreign influence and are some-
times used to express dominance. The calen-
dar reform in Europe in 1582, introduced by
Pope Gregory XIllI to replace the Julian calendar
with the Gregorian one, was considered as a
kind of Papist plot by the Protestant countries
and it took about two centuries to be accepted
by them.

The heritage from India in the Burmese,
Thai and Maritime Southeast Asia early calen-
dars is substantial. However, the astronomy
and calendar schemes in India have a theo-
retical astronomical basis while schemes in
Southeast Asia are built on a set of arithmetic
computational rules with little explanation. Chi-
nese influence on the calendars of Southeast
Asia is generally weak with the exception of the
Vietnamese calendar. Elements of a Chinese
sexagesimal cyclic reckoning for years and days
can be seen in northern Thai and Laos. The
states in the Southeast Asian archipelago suc-
cessively adopted a modified version of the
Islamic calendar starting around the fifteenth
century in the Common era.

5 NOTES

1. For specialist astronomical terms used in this
paper see the Glossary in Section 7.2.

2. The Persian arithmetic calendar with an intri-
cate leap year pattern following a cycle of
2820 years is at present the best emulation
of the tropical year (Reingold) and is assert-
ed to have an error of only a couple of min-
utes in 2820 years.
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3. There are two ways of expressing years be-
fore the Common (or Christian) Era. Hist-
orians use the system that the years before
CE 1 come 1 BCE, 2 BCE and so on. The
astronomical system uses negative years;
the years before CE 1 are CE 0, CE -1, CE
—2 and so on. Thus, mathematically n BCE
=—(n-1)CE.

4. This epoch appears in the Alfonsine Tables
as ‘Diluvio’, i.e. the Flood. Meanwhile, for
more information about Julian days see
Section 7.1, below.

5. The transcription of the many technical terms
in Sanskrit, Pali, Burmese, Thai, and Khmer
presents some problems. The principle, al-
though not strictly adhered to, has been to
write such terms in italics and with diacritics
the first time they appear but in plain font
and without diacritics afterwards. In a few
cases also Burmese and Thai scripts have
been used. In most cases the Sanskrit/Pali
terms has been retained.
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7 APPENDICES
7.1 The Julian Day and the Equation of Time

The Julian Day is a tool used in chronology in
order to uniquely tag a historical event. It was
introduced by the French scholar Joseph Scal-
inger (1540-1609). Julian Days are counted
starting with zero from the epoch at Universal
Time (UT) 12 hours, 1 January 4713 BCE in the
proleptic Julian calendar. The epoch is suffic-
iently far back in time for any meaningful hist-
orical record to have a positive Julian Day. Any
date in any calendar can be converted to a Jul-
ian Day, something that is very useful in con-
versions between different calendars. For in-
stance, the Gregorian calendar date UT 15:11,
26 March 2019, corresponds to Julian Day
2458569.127 where the fraction gives the time
of the day counted from noon.

The time of the day today is given as stand-
ard mean solar time referred to a standard mer-
idian and is the time shown by clocks. It is
based on a fictitious mean Sun moving along
the celestial equation with uniform speed. Mean
noon is defined as the time when the fictitious
Suncrosses a selected standard meridian where
the Earth is divided into a number of standard
time zones each with its standard meridian.
However, the time used in civil practice until the
middle of the nineteenth century was apparent
local solar time where noon is defined as the
time when the true Sun crosses the local mer-
idian. The true Sun differs in two ways from the
fictitious Sun. It moves along the ecliptic that is
inclined to the celestial equator by an angle of
about 23.5°, the obliquity. Secondly, because of
the ellipticity of the orbit of the Earth, the move-
ment of the Sun in the ecliptic is not uniform but
varies during the year being fastest in January
and slowest in July. The reason for using ap-
parent local solar time is that in an epoch where
mechanical clocks were rare, not very reliable or
non-existent, one of the few ways to setting time
was using the local meridian passage of the real
Sun. The records of Southeast Asia in general
are based on local apparent solar time. This
was also the practice in Western astronomy until
the end of the seventeenth century. Although in
most cases the difference between apparent
and mean solar time can be ignored, it can
sometimes be critical for the interpretation of a
record for example when time is referred to true
sunrise.

The difference between apparent solar time
and mean solar time is called the equation of
time. Before CE 1833 it was standard to use a
definition of the equation of time with the oppo-
site sign: mean solar time minus apparent solar
time. The equation of time is a function of the
day of the year and has a variation of about £15
minutes. It also has a slow secular variation that
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Figure 3: The equation of time (after Meeus, 1998).

can be neglected in this context. Figure 3 shows
a graph with the current equation of time as a
function of day of the year.

7.2 Glossary

ahargana The number of elapsed days since the
epoch.

angsa An Indian term for one zodiacal degree of arc.

Aryabhata FamousHindu astronomer and mathemat-
ician who lived CE 476—550. He is the author of two
important Indian canons: the Sdryasiddhanta and the
Aryabhatiya.

Ayutthaya Kingdom A Siamese kingdom that existed
from CE1350 to 1767. The court of King Narai (1656—
1688) had strong links with that of King Louis XIV of
France.

Champa State A State extending along the coast of
what is today central and southern Vietnam from
approximately the second century CE until being fin-
ally absorbed and annexed by the Vietnamese Emp-
eror Minh Mang in CE 1832 .

CE, Christian era The common era used in the
Western Word. Its epoch is Julian Day 1721423.5.

Dai Viét The name of Vietnam for the periods CE
1054-1400 and CE 1428-1804.

equation of time The correction to be applied to
mean solar time to get apparent solar time.

equinox The time when the Sun passes the equator.
On the equinox the day and night are equally long.

Gregorian calendar The present calendar in most of
the non-Islamic world and introduced in CE 1582 by
Pope Gregory XIIl. It is a solar calendar with normal
years of 365 days and leap years with 366 days. In
intercalates a leap day when the year is divisible by 4
except for century year where the century year is not
divisibleby4. The mean length of this year is 365.2425
days. The epoch is CE 1 January 1.

heliacal rising The first day when the star (after a
period when it was invisible) rises in the morning be-
fore the Sun and the Sun is still far enough below the
eastern horizon to make it briefly visible in the morn-
ing twilight.

Islamic calendar A purely lunar calendar with twelve
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lunarmonths,eachmonth beginning with the first sight-
ing of the New Moon crescent in the evening. The
epoch of the calendar, Hidjra or Hegira is CE 2 July
622 (Julian). Often used is the tabular Islamic calen-
dar that has normal years of 354 days with 12 months
with alternating lengths of 30 and 29 days and leap
years with the last month having an intercalary day.
The intercalation is governed by having 19 leap years
in 30 years governed by a fixed sequence.

Julian calendar The Western calendar used before
the introduction of the Gregorian calendar. It has a
normal year with 365 days and leap years with 366
days, leap years being years that are divisible by 4.
The mean length of the year is 365.25 days. The
epoch is the same as for the Gregorian calendar, CE
1 January 1.

Julian Day A quantity, not having any relation with
the Julian calendar, used by calendarists in order to
have a unique number for each day. The epoch is
noon 1 January 4713 BCE when the Julian Day num-
ber is 0. The epoch is sufficiently remote for historical
dates to have a positive Julian Day number. A Julian
Day starts at noon. It is a very convenient tool when
studying relations between different calendars.

Kaliyuga epoch An epoch is used in Indian astrono-
my and is 18 February 3202 BCE. In the Sdryasid-
dhanta canon it is counted from midnight, in the Arya-
bhatiya canon from sunrise or 6 a.m.

Ketu An artificial celestial body in Southeast Asian
astronomy moving with ten times the speed of Rahu
and with only astrological significance. In Indian astron-
omy it is normally the descending node of the Moon.

Khmer Empire Conventionally the epoch of the Khmer
Empire is dated CE 802. At its height it controlled the
major part of the SE Asian Mainland. The Empire
ended with the fall of Angkor in the fifteenth century.

ksayamasa An Indian term for the suppression of a
lunar month, something that can happen when true
longitudes of the Sun and the Moon are used in the
Indian calendar.

Lan Xang This was a Lao Kingdom that existed from
CE 1354 to 1707. It was one of the largest kingdoms
in SE Asia and the precursor of present-day Laos.

lipta Indian term for minutes of arc. Of Greek origin,
Aermrov.

mahayuga A time period used in Indian astronomy.
It is a period of 4,320,000 solar years, in the Sarya-
siddhanta canon consisting of 1,577,917,800 days, in
the Aryabhatiya canon of 1,577,917,500, and in the
modern Sdryasiddhanta canon of 1,577,917,828 days.

Majapahiti Empire A thalassocracy based on the is-
land of Java that existed from CE 1293 to about 1500.
During its height it extended from Sumatra to New
Guinea.

mangsa An Indonesian agricultural solar calendar.

Metonic cycle A 19-year intercalation cycle for lunar
months, used already by the Babylonians but being
named after the Greek astronomer Meton who lived in
the fifth century BCE.

nadi An Indian time measure with 60 nadi in a day
and night. In Thai it is nathi and in Burmese nayi. It
corresponds to 24 minutes.
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naksatra A measure of the Moon’s longitude where
the zodiac is divided into 27 parts, each covering 13°
20'. In Thai it is called roek and in Burmese nekkhat.
Pagan Kingdom The first kingdom to unify the regions
that would later be the present-day Burma. From
around the ninth century it expanded from settlements
at Pagan. At the end of CE 1200 it was subject to
several Mongol invasions.

Pawukon A Balinese cyclic calendar based on a
combination of periods with one-, two-, three-,..., and
ten-day ‘weeks’generating a repeating 210-day period.

precession of the equinoxes Due to the gravitational
influence of the Sun and the Moon on the equatorial
bulge of the Earth, the rotation axis of the Earth will
trace out a cone similar to that of a spinning top on a
table. Thiswill cause the vernal equinox of the ecliptic
to move slowly backwards along the celestial equator.

precession rate This is the rate of change in tropical
longitudes due to the precession of the equinoxes,
about 1° in 72 years.

Rahu The entity known in the West as the ‘Dragon's
Head’. The plane of the Moon’s orbit is inclined to the
Earth by about 5°. From this it follows that there are
two points, opposite each other: one where the Moon
passes from having a southern or negative latitude to
having a northern and positive latitude (the ‘Head’);
and one where it passes from north to south (the
‘Tail’). These points are called the lunar nodes, re-
spectively the ascending and the descending node,
and they rotate slowly in a direction opposite to the
direction pursued by the planets; i.e., the nodes have
a decreasing longitude, not an increasing one. In SE
Asian astronomy Rahu is considered a separate planet.

rasi An Indian term corresponding to the Western
zodiacal sign.

sexagenary cycle A cycle generated by combining a
ten-year cycle with a twelve-year one. In SE Asia it is
generated by combining items with the same parity
(odd-odd or even-even). It is similar and in some
respects identical with the corresponding Chinese sex-
agenary cycle, the names of the years in the twelve-
year cycle are identical to the Chinese ones. In the
early Thai calendar, it is commonly used for both days
and years, in Burma only for years in the twelve-year
cycle and using the names of the Indian lunar months.

sidereal year A solar year defined by the time for the
Sunto reach the same point relative to the stars. This
is in contrast to the tropical year which uses the time
for the Sun to return to vernal equinox. Due to the
precession of the equinoxes these two years will be
slight different in length. SE Asian astronomy is bas-
ed on the sidereal solar year. The original Sdryasid-
dhanta sidereal year has 365.25875 days, for the
modern Sdryasiddhanta has 365.2587648 days. The
present modern value is 365.256363 days.

Srivijaya A city-state based in Sumatra and domin-
ating the Indonesian archipelago between the seventh
and eleventh centuries CE. In the thirteenth century it
collapsed, mainly due to the expansion of the Maja-
pahiti Empire.

Sukhothai A Thai state that grew out of several
smaller states when the influence of the Khmer Em-
pire declined. At the end of CE 1200 it controlled
most of what is today Thailand. After that it rapidly
decayed into Lao states in the north, Mon states in
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the west, and finally in CE 1378 the Ayutthaya King-
dom conquered the remains.

Sidryasiddhanta Indian canons. There are two canons
with the same name. The original Sdryasiddhéanta or
here simply the Sdryasiddhanta was conceived by the
Hindu astronomer Aryabhata around CE 500, while
the modern Siryasiddhanta, treated by Burgess, is an
updated version of the original and dates from around
CE 1200.

synodic month The time for the Moon to return to the
same position relative to the Sun. It has a mean value
of about 29.5 days.

tithi Originally a time unit being a lunar day or 1/30"
of a synodic month, in SE Asian astronomy being
692/703 of a solar day. It can also refer to the lunar
day number in a month and also the relative position
of the Moon relative to the Sun, the possible 360°
divided into 30 tithis, each one covering 12°. This
unit of time was used already by the Babylonians.

trepidation of the equinoxes A concept invented by
Medieval astronomers to explain the observed change
in celestial longitude of the stars as compared with
those in Ptolemy’s start catalogue in Almagest. It as-
sumes that the equinoxes on top of a constant pre-
cession rate also have an oscillating movement back
and forth. It was part of Western astronomy up to the
time of Kepler. The Indian version assumes a zig-zag
motion with an amplitude of 27°and a period of 7200
years.

tropical year The time for the Sun to return to the
vernal equinox. The current mean length of the trop-
ical year is 365.24219 days.
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