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Abstract Article Info
Indonesia should have a trusted institution to determine the beginning Received:
of the Hijri month. To date, the determination of the beginning of the 26 Agustus 2025
Hijri month has not been standardized because each Islamic community Revised:
organization has its own criteria. One of the criteria that will be 21 Oktober 2025
discussed in this study is the 2016 Istanbul criteria which gave birth to Accepted:
the concept of a Unified Global Hijri Calendar. However, fulfilling 30 Desember 2025
these criteria method is still not agreed upon by experts, making it Published:

difficult to socialize to the public. This calendar has been used since 31 Desember 2025
1447 AH/2025 AD. This study aims to provide a deeper understanding

of these criteria and also attempts to implement Jean Meeus'

astronomical algorithms to obtain the necessary ephemeris data. During

the research process, regional datasets will be prepared according to

their respective topographical conditions. The data used include the

name of the region, the name of the country, latitude, longitude, and

altitude. From the preparation, information will be obtained in the form

of regions that can represent the time of the beginning of the Hijri

month.

Keywords: Beginning of Hijri Month, Unified Global Hijri Calendar,
Istanbul Criteria 2016, Astronomical Algorithms, Ephemeris Data

A. Introduction

As a country with the largest Muslim population in the world, Indonesia should have a
trusted institution in determining the time of the beginning of the Hijri month. Of course, the
stipulation is an important need so that the worship time at the beginning of the month is
appropriate and uniform for all regions of Indonesia. However, until now there are still
different criteria used by Islamic community organizations or the government [1]. Each
criterion has its own scientific explanation and has its own advantages and disadvantages.
However, all of these criteria must meet the standards of the Hijri calendar as set forth in the
Qur'an and Hadith as follows [2].

1. Itisa lunar calendar (kamariyah),
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The number of months in a year is equal to twelve months,
No intercalation (addition of months),

The number of days in a month is at least 29 days and a maximum of 30 days, and

o M

It is based on the synodic cycle which is characterized by ijtimak (conjunction) events.
One of the efforts offered in overcoming these differences is by introducing the
concept of the Global Hijri Calendar. As the name implies, the calendar is international, not
local or regional as the previous criteria were. The Global Hijri Calendar is divided into two
types, namely the Single Global Hijri Calendar and the Zonal Global Hijri Calendar. The
Single Global Hijri Calendar is a calendar with the principle of one day and one date around
the world. This principle assumes that the entire surface of the earth is a date zone (matlak). In
the Single Global Hijri Calendar, the new moon always starts simultaneously around the
world. Meanwhile, the Global Zonal Hijri Calendar divides the earth into several date zones.
There are several versions of the calendar. The disadvantage of the calendar is that one date
zone can set the beginning of the month whose date is quite different from the other zones. An
example of a Single Global Hijri Calendar is the calendar agreed in Istanbul in 2016.
Meanwhile, an example of the Global Zonal Hijri Calendar is the Universal Hijri Calendar [2].

In this study, the researcher is interested in discussing how to implement the Single
Global Hijri Calendar (KHGT), especially the 2016 Istanbul calendar. The calendar has been
used since 1447 H/2025 AD [3]. The problem is how to meet the criteria given on the
calendar? Until now, the concept and significance of the calendar are still not understood.
Even astronomers, astronomers, and also sharia and figh have not understood much of the
principles contained in KHGT in general [4]. There have been attempts to implement the
Istanbul calendar as can be seen in [5]. However, the dataset contained in the study is still too
few and does not describe the actual topography of the area. Therefore, researchers will
increase the amount of regional data and adjust to their respective topographic conditions.
B. Method

The approach taken to solve the previous problem is as follows.
1. Problem Identification
The problem identified in this study is the preparation of algorithms for the fulfillment

of the KKHT criteria. The criteria in question are as follows [6].

2. A new moon begins when in any part of the world, before 24:00
UT, the following criteria have been met: an elongation of 8
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degrees or more, and the height of the moon above the horizon at
sunset of at least 5 degrees or more (elongation and height of the
geocentric moon).

4. If the above criteria are met after midnight at 24.00 UT, then the
new month will still start with the following conditions:
a. If the above parameters have been met anywhere in the world
and ijtimak in New Zealand occurs before dawn.
b. The above parameters in point 1 occur in the mainland region
of the American Continent.

2. Purpose Formulation
In this study, the researcher will try to use astronomical algorithms as a basis for
consideration of the fulfillment of the KHGT criteria.
3.  Methodology Selection
The selected algorithm is adjusted to the needs of the system. Based on the criteria
described earlier, there are six basic Jean Meeus algorithms used as follows.
a. Convert AD dates to JDN (Julian Day Number) and vice versa [7].
b. Instant conversion of AD time to JD (Julian Date) and vice versa [7].
c. New moon time for a certain time of the new moon [7].
d. The value of for a given AD date uses polynomials [8].AT
e. Solar ephemeric data that include longitude, rectangular ascension, declination,
geocentric distance, semi-diameter, obliviousness, and timer [7].
f. Lunar ephemeric data that include longitude, latitude, rectal asensio, declination,
horizontal parallax, and distance [7].
The six basic algorithms were then lowered into five algorithms to meet the KHGT
criteria as presented in Table 1 below.
Table 1. Derivative Algorithm for Fulfilling KHGT Criteria

Basic Algorithm

Derived Algorithms Parameters
al|blc|d|e]|f
Conjunction time (ijtimak) Hijri year and month VIV
Sunset time (ghurub) AD date and location data Vv
Geocentric  hilal elongation | Instant time AD oY
(arc distance)
Geocentric hilal height Instant time and location data VvV
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Sunrise time AD date and location data Vv

The five derivative algorithms can be briefly explained as follows.
a. The conjunction time (ijtimak) is searched using a new moon time search algorithm
modified for the Hijri calendar system [9].
b. The sunset time (ghurub) was searched using the Maghrib prayer time search
algorithm [10], but without ihityat [9].

c. The elongation (arc distance) of the geocentric hilal, JB is sought using the

gea’
following formula [11]. If on a certain date (AD) and clock, the declination of the sun
is obtained as , the declination of the previous month, the rectangular axis of the sun is
, and the rectangular axis of the moon is , thend 6, @, @

mm
JB.., = acos(sind,, X sin §, + cos8,, X cos§, X cos(a,, —a,))

geo
d. Geocentric moon heights are searched using the help of local time to dynamic time
conversion algorithms and vice versa [9].
e. The time of dawn is searched using the algorithm for finding the time of the Fajr prayer
[10], but without ihityat.
4. Data Collection
The data collected came from the dataset of regions in the world according to their
topographic conditions taken from Geonames [12]. The data includes the name of the region,
the name of the country, latitude, longitude, and elevation (elevation).
5. Data Preprocessing
The dataset that has been obtained will be handled by completing the lost data fields
with a different approach or deleting them if they are completely unrecoverable. The data
handling resulted in 146,830 rows (records) that were ready to be processed. A snapshot of
the dataset used can be seen in Table 2 below.

Table 2. Snapshot of the Regional Dataset

Region Name Country Latitude | Longitude Height
'‘Ayn Shigaq Syria 35,39441 | 36,03012 236
Séo Paulo Tunisia 35,39444 | 11,04361 8
Hongnong South Korea 35,39587 | 126,44531 36
Fruitland United States 35,39651 | -82,39317 675
Mascara Algeria 35,39664 | 0,14027 590
Chonan Japan 35,39701 | 140,23503 41
Mount Pleasant | United States 35,39931 | -80,4359 191
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Isehara Japan 35,39932 | 139,31019 35
Lillington United States 35,39933 | -78,81585 59

6. Testing and Implementation of Algorithms
At this stage, the selected algorithm will be tested with the appropriate programming
language, such as Kotlin. To facilitate implementation, the previous criteria will be broken

down as seen in Figure 1.
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Figure 1. Breakdown of the Criteria for the Beginning of the Hijri Month at KHGT

The beginning of the next Hijri month starts the next day if one of the Global Calendar
Parameters (PKG) 1 or 2 is met. If not, it will be done istikmal so that the running month is 30
days old and the next month will only start the day after tomorrow. How to use the breakdown
of these criteria is as follows.

a. First of all, do an ijtimak time search using a conjunction time search algorithm.

b. For condition 1A, just compare the time of ghurub and ijtimak.

c. For requirements 1B to 1D, iterate on each data in the dataset until the first area that
meets these criteria is found. If the iteration is stopped because the reading of the
location dataset has reached the last row that does not meet, it is certain that PKG 1 is
not met.

d. For requirement 2A, search for sunrise time by filtering the dataset so that only the
data in New Zealand are available. The dawn time sought is the earliest local dawn
time (in UTC) of the entire region.

e. For conditions 2B through 2D, do the same iteration process as point c, but for the next
day.
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f. For the 2E requirement, first provide a new dataset which is a screening of the initial
dataset that leaves only regional data in the North and South American continents.
This means that areas far from the parent country (such as Hawaii) are not filtered.
Then, compare the results of the calculation at point e. If the first area is in the new
dataset, it can be said that PKG 2 may be met, depending on the results of the
calculation in point d.

C. Results and Discussion
Research Results

Implementation process Breakdown The KHGT criteria to the selected programming

language results in a terminal-based program (console) as can be seen in Figure 2.

12:37:42.7175617556385828 UTi
1al geosentrik: 0° 56' 8350240563°
Tinggi hilal geosentrik: -1° 33' 39.58276314645062"

4687373190672588 UTC

setelah pukul 24 UTC..

53' 15.2639999999
10.0 mapl
888856867532 UTC

9 T47869612962186°
Ting 0 6117205757

Kesimpulan: 1 Ramadhan 1447 = 18 Februard 2026

Figure 2. Criteria Breakdown Implementation Program
First of all, the program asks for input in the form of the year and month of Hijri. Then,
the program performs a computational process on each data in the dataset. The program will
calculate the ijtimak time first. The compute results are still displayed even if no conditions are
met. If PKG 1 is not met, then the program will display the results of the last data processing.
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Next, the program will calculate the time of sunrise in New Zealand. The iteration process for
the initial dataset is repeated again for the next day in the hope that the first data that meets the
criteria will be in the filtered dataset. Finally, the program will display a conclusion regarding
the beginning of the Hijri month that has been included previously. The recapitulation of the
results of the calculation at the beginning of the month for the year 1447 H can be seen in
Table 3 for the time of ijtimak and the fulfillment of PKG 1 and Table 4 for the fulfillment of
PKG 2. In both tables, (+1) indicates that the value or parameter in question occurred or was
calculated for the next day.

Table 3. Recapitulation of the Results of the Calculation of the Beginning of the Month 1447

H (Ijtimak Time and PKG 1)

Moon Ijtimak Ghurub Elongation Height
June 25, 2025 . 8° 24° o Mo ”
Muharram 10:32:40.03 22:56:39,04 45.72" 5°0’ 0,46
July 24,2025 | 05:05:11,1 | .o o, .., 1° 30°
Safar 19:12:20,32 R R Y T
. August 23, 2025 A, 0 no ’ 5°31°
Rabiul Awal 06:07-30.6 22:12:35,61 | 8°2° 50,63 35,08
Rabiul September 21, o 1°31° 1027
hir 2025 17:16:27,95 14947 7 a1
19:55:08,27 ) )
. October 21, °10°
J‘Z”J\ffl" 2025 12:51:24.3 | 3°227 9,617 348 8160
12:26:16,29 ’
. November 20, 0 NQ?
‘]Z”lzﬁ?r" 2025 22:21:44.78 | 8°35° 9.25” 573 (2)2
06:48:32,11 ’
December 20, o g 021
Rajab 2025 23:02:10,11 i% 0476,, s 22
01:44:38,93 ’ ’
18 January 2026 no. 5°44° -5° 38’
Shaban 19:53:13,62 10:38:30,3 20,467 18,117
17 February 1033
Ramadan 2026 12:37:42,72 | 0° 56’ 42,17 39.58”
12:02:21,18 ’
March 19, 2026 . 1203 503
Shawwal 01:24:41,38 | 229917836 | ¢ a3 44,07
Dzulqaidah | April 17,2026 | 23:54:18,98 | 8°7° 6,9” 502
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11:52:59,94 46,817
May 16, 2026 . o0 » 4° 12
Dzulhijjah 20:02:09 57 22:26:29,77 | 5°9’ 15,58 56.79”

Table 4. Recapitulation of the Results of the Initial Calculation of the Month 1447 H (PKG 2)

Moon Dawn NZ Ghurub (+1) Elo?ff)t fon H((i_i%h t Am;pica’?
Muharram | 17:48:27,6 | 20:19:12,48 1592;5 2523;3‘ Yes
Safar | 17:41:2334 | 20:45:13,65 13:)6‘2‘?: ’ > Sé Yes
Rabiul Awall 17:12:1512 | 17:01:31,57 {‘75?1182,,’ 188;12’,, No
FEE’A?J 16:28:24,84 | 19:56:09,6 121: o |32 | No
J‘A”\J\f‘gﬂ" 15:36:08,71 | 23:25:30,66 265?92;,’ 120;31,9 No
JZT?:?:' 14:30:30,13 | 17:51:40,22 1366;387,,’ 381;2 No
Rajab | 13:54:2032 | 10:02:33,16 21;349,’ 0 fg No
Shaban | 14:49:496 | 22:48:53,03 153;7121,,’ 55{389’,, Yes
Ramadan | 16:02:18.47 | 23:38:54,47 158{7149,,’ 155 o Yes
Shawwal | 16:41:0615 | 22:38:19,99 | 25°9° 15,7 155i775’,, Yes
Dzulgaidah| 17:08:06.68 | 22:25:21,89 1(3;329’, 5°2°6,6” | Yes
Dzulhijjah | 17:30:04,86 | 21:04:30,08 135;;79,’ 450(2703’,, Yes

Discussion

From the results of the calculation of the beginning of the month for the year 1447 H as
presented in Tables 3 and 4, analysis and conclusions can be drawn for each month as follows.

a. Muharram
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PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the
elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Muharram 1447
H falls on June 26, 2025 (one day after the date of ijtimak).

. Safar

PKG 1 was not fulfilled because until the last regional data, no area was found with a
geocentric hilal elongation of at least 8° and a geocentric hilal height of at least 5° at the
time of ghurub. Meanwhile, PKG 2 was also not fulfilled because the dawn in New
Zealand rose before ijtimak even though the ghurub, elongation, and height of the
geocentric hilal have been fulfilled at least in the Americas, so that the beginning of the
month of Safar 1447 H falls on July 26, 2025 (two days after the date of ijtimak).

Rabiul Awal
PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the

elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Rabiul Awal
1447 H falls on August 24, 2025 (one day after the date of ijtimak).

Rabiul Akhir

PKG 1 was not fulfilled because until the last regional data, no area was found with a
geocentric hilal elongation of at least 8° and a geocentric hilal height of at least 5° at the
time of ghurub. Meanwhile, PKG 2 is also not fulfilled because the dawn in New Zealand
rises before ijtimak and also ghurub, elongation, and geocentric hilal height are at least not
fulfilled in the Americas, so the beginning of the month of Rabiul Akhir 1447 H falls on
September 23, 2025 (two days after the date of ijtimak).

Jumadil Awal

PKG 1 is not fulfilled because even though ghurub occurs after ijtimak, the elongation of
the geocentric hilal does not reach 8° and the height of the geocentric hilal does not reach
5° during ghurub. Meanwhile, PKG 2 is also not fulfilled because even though the dawn
in New Zealand rises after ijtimak, ghurub, elongation, and geocentric hilal height are at
least not fulfilled in the Americas, so the beginning of the month of Jumadil Awal 1447 H
falls on October 23, 2025 (two days after the date of ijtimak).
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Jumadil Akhir

PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the
elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Jumadil Akhir
1447 H falls on November 21, 2025 (one day after the date of ijtimak).

Rajab

PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the
elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Rajab 1447 H
falls on December 21, 2025 (one day after the date of ijtimak).

. Shaban

PKG 1 was not fulfilled because until the last regional data, no area was found with a
geocentric hilal elongation of at least 8° and a geocentric hilal height of at least 5° at the
time of ghurub. Meanwhile, PKG 2 is also not fulfilled because although the ghurub,
elongation, and height of the geocentric hilal have been fulfilled at least in the Americas,
the dawn in New Zealand rises before ijtimak, so that the beginning of the month of
Shaban 1447 H falls on January 20, 2026 (two days after the date of ijtimak).

Ramadan

PKG 1 was not fulfilled because until the last regional data, no area was found with a
geocentric hilal elongation of at least 8° and a geocentric hilal height of at least 5° at the
time of ghurub. However, PKG 2 was fulfilled because the dawn in New Zealand rose
after ijtimak and at the time of ghurub on the following day, the elongation and height of
the geocentric hilal at least had been fulfilled in the Americas, so that the beginning of the
month of Ramadan 1447 H fell on February 18, 2026 (one day after the date of ijtimak).
Shawwal

PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the
elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Shawwal 1447
H falls on March 20, 2026 (one day after the date of ijtimak).
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k. Dzulgaidah
PKG 1 is fulfilled because the ghurub occurs after ijtimak and on the same day, the
elongation of the geocentric hilal exceeds or equals 8°, and the height of the geocentric
hilal exceeds or equals 5° at the time of ghurub. Because PKG 1 has been fulfilled, the
fulfillment of PKG 2 can be ignored, so that the beginning of the month of Dzulgaidah
1447 H falls on April 18, 2026 (one day after the date of ijtimak).

I.  Dzulhijjah
PKG 1 is not fulfilled because even though ghurub occurs after ijtimak, the elongation of
the geocentric hilal does not reach 8° and the height of the geocentric hilal does not reach
5° during ghurub. Meanwhile, PKG 2 is also not fulfilled because although the ghurub,
elongation, and height of the geocentric hilal have been met at least in the Americas, the
dawn in New Zealand rises before ijtimak, so that the beginning of the month of Dzulhijjah
1447 H falls on May 18, 2026 (two days after the date of ijtimak).

D. Conclusion

Based on the results of the research that has been carried out, it can be concluded that
the fulfillment of the KHGT criteria is carried out by breaking down the parameters of these
criteria into a number of fulfillment requirements. The breakdown can then be implemented
into the program to facilitate the process of reading and processing regional datasets. The
parameters that must be met are enough for one of them because the other parameter acts as a
correction if the first criterion is not met.

This research is still far from perfect. For further research, it is hoped that it can be
further developed, for example by comparing the KHGT criteria with other criteria or by

increasing the number of corrections to the ephemeric data of the sun and moon.
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