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Abstract. A new criterion for lunar crescent visibility has been established using 737 observations,
almost half of them obtained by the Islamic Crescent Observation Project (ICOP). This criterion is
based on two variables, viz. the topocentric arc of vision and the topocentric crescent width. The new
model is able to predict the visibility of the lunar crescent both for naked eye and optically aided
observations. From the database we found a Danjon limit of 6.4 degrees.
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1. Introduction

The lunar crescent visibility has been studied by many astronomers since the Baby-
lonian era, with as a result currently more than 12 different criteria for lunar crescent
visibility, based on a number of sightings in different lunar conditions. Many of
these criteria were developed by Islamic astronomers, since a number of Islamic
religious events are directly related to lunar crescent sighting. For example, the new
Lunar (Hijric) month begins on the next day of sighting the new crescent at west
after sunset.

2. Lunar crecsent visibility criteria
2.1. BABYLONIAN CRITERIA

The Babylonian deduced that the lunar crescent is visible by naked eyes if the two
following conditions are satisfied at local sunset:

1. Age of the Moon is larger than 24 hours.

2. Lag time of the Moon (The interval time between sunset and moonset) is larger
than 48 minutes.

*Vice-President of “Crescents, Calendars and Mawageet Committee” of AUASS.
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2.2. MUSLIM ASTRONOMERS

Many Muslim astronomers had developed their own criteria or had studied and
discussed the issue of the lunar crescent visibility in their literatures. Such as:
Ibn Tariq, Habash, Al-Khwarzmi, Al-Khazin, Al-Tabari, Al-Fahhad, Al-Farghani,
Thabet Bin Qurrah, Al-Battani, Ibn Maimon, Al-Biruni, Al-Sufi, Ibn Sina, At-
Tusi and Al-Kashani (Ilyas, 1994; Doggett and Schaefer, 1994). For example, Ibn
Tariq’s criterion depends on the Moon’s altitude at sunset and the Moon’s lag
time. In our modern time, Mohammad Ilyas developed several criteria for crescent
visibility.

2.3. RECENT AND MODERN CRITERIA

At the beginning of the 19th century, Fotheringham and Maunder developed crite-
ria for lunar crescent visibility, and in 1977 Bruin got his own criterion. Recently,
Schaefer discussed the issue of the lunar crescent visibility extensively, and he
included the atmospheric conditions in his work. Schaefer developed a criterion
based on 295 observation records he obtained from several resources (Schaefer,
1988, 1996; Doggett and Schaefer, 1994). Yallop (1997) used the same database
which Schaefer established, but he made a comprehensive revision and corrections
for some of the records. South African Astronomical Observatory (SAAO) devel-
oped a criterion based on Schaefer’s database in addition to some other observation
records from different resources (Caldwell and Laney, 2001).

3. Islamic crescent observation project (ICOP)

The Islamic Crescent Observation Project (ICOP) was established in 1998 as a
global project organized by the Arab Union for Astronomy and Space Sciences
(AUASS) and the Jordanian Astronomical Society (JAS). Its primary aim as the
only project of its kind is to gather information about the crescent observations
at the start of each lunar month in different countries and regions through out the
world.

At the beginning of each lunar month, ICOP members send their results of
observations to the coordinator of ICOP, and these results are being published
immediately on the Internet at ICOP’s home page at http://www.icoproject.org.
After seven years of extensive work for ICOP members, we were able to ob-
tain a new large database for young lunar crescent observations. This database
in addition to the old database were used to develop a new criterion to predict
the visibility of the young lunar crescent, either by naked eyes or by optical
aid.
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Figure 1. Basic geometric variables for crescent visibility prediction.

4. Visibility criteria variables

Below is a list of the most frequent observing parameters which have been used
to predict the visibility of the lunar crescent. The three most basic parameters are
shown in (Figure 1):

® Moon’s age (Age): The interval time between conjunction and the time of obser-
vation.

e Moon’s lag time (Lag): The interval time between sunset and moonset or moon-
rise and sunrise.

® Moon’s altitude: The angular distance of the Moon above the horizon.

o Arc of light (ARCL): The angular separation (elongation) between the Sun and
the Moon.

® Arc of vision (ARCV): The angular difference in altitude between the Sun and
the Moon.

e Relative azimuth (DAZ): The angular difference in azimuth between the Sun and
the Moon.

® Crescent width (W): The width of the lit area of the Moon measured along the
Moon’s diameter.

The visibility of lunar crescent cannot be predicted reliably using only one of
the above parameters. In particular, using Age or Lag only, as quite frequently done,
has no predicting value at all, as shown clearly by Schaefer (1996).

At least two parameters should be used together in order to obtain accurate
results, one related to the intrinsic brightness of the crescent, the other to its distance
to horizon (itself closely related to atmospheric extinction).

Contrary to a rather common assumption, the Moon’s age is very poorly related
to its intrinsic brightness. For example, a 10 hours Moon located on the ecliptic
would have nearly the same brightness than a O hour Moon 5 degrees away from
the ecliptic. A significantly better parameter for our purpose is the ARCL, since
the width of the lunar crescent increases with the Moon’s elongation from the
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Sun. It is not perfect however, since for the same ARCL, the width of the crescent is
maximum when the Moon is at perigee and minimum at apogee. The best parameter
for incorporating the Moon intrinsic brightness is thus directly the width (W) of the
crescent.

Regarding the second parameter, ARCV gives directly the angular distance of
the Moon above the horizon and should be used in conjunction with W.

Tables I, IT and III, show the criteria of Maunder, Indian and Bruin respectively
(Yallop, 1997).

Table IV shows the SAAO criterion, where DALT is the apparent altitude, in
degrees above the horizon, of the lower edge of the moon at sunset. If the cres-
cent is below DALT2, naked-eye visibility will be improbable. Visibility with
optical aid may be possible, but increasingly unlikely approaching DALT!. Be-
low DALTI, visibility is impossible even with optical aid. (Caldwell and Laney,
2001).

TABLE 1

Maunder criterion

DAZ 0° 5° 10° 15° 20°
ARCV  11.0° 10-5° 9-5° 8-0° 6-0°

TABLE I

Indian criterion

DAZ 0° 5° 10° 15° 20°
ARCV  10-4°  10-0° 9.3° 8-0° 6-2°

TABLE III

Bruin criterion

W 0-3 o5 o7 U 2 3
ARCV 10-0° 84° 7.5° 64° 47° 4.3°

TABLE IV
SAAO Criterion

DAZ 0° 5° 10° 15° 20°
DALTI 6.3° 5.9° 4.9° 3.8° 2.6°
DALT2 8.2° 17.8° 6.8° 5.7° 4.5°
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5. New lunar crescent criterion

I’ve combined all the available lunar crescent observations into one large database,
consisting of the following records:-

® 294 records from Schaefer list (Schaefer, 1988, 1996; Doggett and Schaefer,
1994).

6 records from Jim Stamm list (Private Communication).

42 records from SAAO list (Caldwell and Laney, 2001).

15 records from Mohsen Mirsaeed list (Private Communication).

57 records from Alireza Mehrani list (Private Communication).

323 records from ICOP.

So the new criterion is based on 737 records, and the visibility prediction is done
adopting the following two variables:

e Airless Topocentric ARCV.
e Topocentric crescent width W.

The 737 records are listed in Table VI, and the calculations were done using the
software Accurate Times found at (http://www.icoproject.org/accut.html). All the
calculations were done at best time of observation, which can be approximated by
the following equation (Yallop, 1997):

T, =T; + (4/9)Lag (1)

where: Tj: Best Time; T: Sunset time; Lag: Moon’s lag time.
The new criterion is shown in Table V.
Where:

® Zone A (ARCV > ARCV3): Crescent is visible by naked eyes.

® Zone B (ARCV > ARCV?2): Crescent is visible by optical aid, and it could be
seen by naked eyes.

® Zone C (ARCV > ARCVI): Crescent is visible by optical aid only.

TABLE V

New criteria

w 0.1 0.2/ 0.3 04 05 06 07 08 09
ARCVI 5.6° 5.0° 4.4° 38 32° 27° 21° 1.6° 1.0°
ARCV2 8.5° 7.9° 7.3° 6.7° 6.2° 5.6° 5.1° 45° 4.0°
ARCV3 122° 11.6° 11.0° 10.4° 98° 93° &7° 82° 7.6°
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e Zone D (ARCV < ARCVI): Crescent is not visible even by optical aid.

e Notice that ARCVI, ARCV2 and ARCV3 are airless and topocentric, thus the
calculated ARCV must be the same as well.

® The visibility at the beginning of each zone highly depends on the atmospheric
conditions, acuity of vision, experience of the observer and looking at the location
of the crescent. That means you might not expect to see the crescent even by
optical aid if your ARCYV is just at the beginning of Zone C if the atmospheric
conditions are hazy or unfavorable.

Predicting the visibility of the lunar crescent by this new criterion can be also
calculated using the following equation:

V = ARCV — (—=0.1018 W3 + 0.7319 W? — 6.3226 W + 7.1651) 2)

where: ARCV: Airless and topocentric arc of vision in degrees. W: Topocentric
crescent width in arc minutes.
V > 5.65: Zone A.
2 <V < 5.65: Zone B.
—0.96 <V < 2: Zone C.
V < —0.96: Zone D.

6. Lunar crescent observations database

Table VI below lists the 737 records, where Columns numbered 1 to 19 have the
following meaning:

1. Record number, sorted chronologically.
Reference source, where: A (Schaefer list), B (Stamm list), C (SAAO list),
D (Mirsaeed list), F (Mehrani list) and I (ICOP).
Morning (M) or evening (E) observation.
Local date of observation, in the form dd-mm-yyyy.
Name of the observer.
East longitude of the location of observation.
Latitude of the location of observation.
Elevation of the location of observation in meters.
9. Visibility by naked eyes; Invisible (I), visible (V) or blank if not tried.
10. Visibility by binocular; Invisible (I), visible (V) or blank if not tried.
11. Visibility by telescope; Invisible (I), visible (V) or blank if not tried.
12. Julian date at the time of calculations (Best Time).
13. Topocentric age of the Moon (Age) in hours at Best Time.
14. Lag time of the Moon (Lag) in minutes.
15-17. Topocentric arc of vision (ARCV), topocentric relative azimuth (DAZ) and
topocentric arc of light (ARCL), all in degrees at Best Time and are not
corrected for refraction.

N

e e



62 M. SH. ODEH

18 Topocentric crescent width (W) in arc seconds at Best Time.
19 Visibility prediction value (V) described in Section 5.

7. Youngest crescent observations

7.1. TOPOCENTRIC AGE

From Table VI the youngest crescent seen by optical aid is Stamm #310 detection
at a topocentric age of 13 hr. 14 min. Running a close second is Mirsaeed #549
observation with 13 hr. 18 min. With the naked eye, the youngest crescent detected
is at 15 hr. 33 min. from Pierce #274.

Stamm’s observation:
Geocentric new moon: 20 January 1996, at 12:50 UT.
Topocentric new moon: 20 January 1996, at 11:43 UT.
First visibility: 21 January 1996, at 00:57 UT.
Geocentric age: 12:07.
Topocentric age: 13:14.

Mirsaeed’s observation:
Geocentric new moon: 07 September 2002, at 03:10 UT.
Topocentric new moon: 07 September 2002, at 01:29 UT.
First visibility: 07 September 2002, at 14:47 UT.
Geocentric age: 11:37.
Topocentric age: 13:18.

Pierce’s observation:
Geocentric new moon: 25 February 1990, at 08:54 UT.
Topocentric new moon: 25 February 1990, at 08:22 UT.
First visibility: 25 February 1990, at 23:55 UT.
Geocentric age: 15:01.
Topocentric age: 15:33.

7.2. LAG TIME

Minimum crescent lag time is respectively 21 min. with optical aid (Stamm #737)
and 29 min. with the naked eye (Ashdod #286).

7.3. TOPOCENTRIC ARCL (ELONGATION)

The minimum elongation crescent seen by optical aid is 6.4 degrees (Stamm #797,
at the time of last visibility at 13:09 UT); for naked eye observations this is 7.7
degrees (Pierce #274, at the time of first visibility at 23:55 UT.).
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8. Danjon limit

Danjon (1936) found that no crescent can be seen when the Moon is less than
7 degrees from the Sun, because the arc length of the crescent is then zero. He
attibuted this effect to the shadow of the lunar mountains. McNally (1983) found
a Danjon limit of 5 degrees and explained it by atmospheric turbulence (seeing)
effects. Schaefer (1991) found that a Danjon limit of 7 degrees and showed that in
that configuration the Moon brightness per unit length of lies actually below the
eye’s detection threshold. From our large database, we find a Danjon limit of 6.4
degrees from observation #697.

9. Conclusion

Based on a large database combining historical sightings plus our own observations
in the frame of the ICOP project, we have derived an accurate criterion for crescent
visibility prediction either by the naked eye or with optical aid.

The crescent width is a good parameter to describe the intrinsic crescent
brightness, in contrast to the age of the Moon, as is the arc of vision to include
the effect of atmospheric extinction, and hence estimate the apparent crescent
brightness.

The Islamic Crescent Observation Project (ICOP) has been a vital contributor
in crescent sighting, with more sightings done in 6 years than all combined ob-
servations from the year 1859 to 2000! Also, having several observers in different
locations, especially those at high latitudes and altitudes did indeed provide very
valuable additional information on crescent visibility.

The best Danjon limit by optical aid is 6.4 degrees.
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Table of Corrections

Number Location Error Correction
Error number one | Page 45, Table VI, Group (C), Observation number 737, column 4 02-11-2006 02-11-2005
Error number two | Page 62, Section 7.3, first line (Stamm #797) (Stamm #697)




