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Abstract

Indonesia using UTM map projection system. In UTM map projection system, projection plane that used is cylindrical
plane. The surface of the earthdivided into 60 zones and width of each zone is 6° longitudes, that extend from 84°
north latitude to 80° south latitude. Furthermore, Indonesia now has 131 river basins. If river basins area located in
some zones, then the planimetrics coordinate have different system. Result of identification, the number of river basins
in Indonesia which located in only one UTM zone is 87, located in one zone in the north and in the south is 5, located
in two zones with whole areas in the north is 9, located in two zones with whole areas in the south is 24, located in two
zones with some parts of areas in the north and the other in the south is 5, and located in three zones is 1.
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INTRODUCTION

Water resource management in Indonesia is river-basin-based. One of the most important information in the
implementation of water resource management of a river basin is the information on shape and dimension
of earth surface of the corresponding river. A medium which can give the information is map. Map is a
description of earth surface on a flat plane in a particular scale. However, earth surface is not a flat area but
an area with irregular shape.

Based on the fact, the process of making map will be very complicated if directly using the earth surface as
an area of measurement. To overcome this problem, the calculations are conducted on an intermediary, an
earth model in shape of ellipsoid. Even though ellipsoid is a regularly-shaped plane, its surface is a curved
plane. A curved plane cannot be expandable to a flat plane without having distortions resulting in shift of
location, shape alteration, and change of dimensional values of earth surface geometrical elements.
Consequently, in mapmaking process a system to transfer the geometrical elements of a curved plane to a
flat plane with the least distortion is used, which is called map projection system.

Prior to 1969, there were various map projections used in Indonesia, such as topographical map scale 1 :
100,000, topographical map scale 1 : 50,000, and topographical map scale 1 : 25,000, which were made in
Polyder projection system. In addition, the topographical map in smaller scale, such as scale 1 : 250,000 or
scale 1 : 500,000, was made in Mercatorprojection system. The map scale 1 : 1,000,000 was made in
LambertConical Orthomorphicmap projection system. Since the topographical map scale 1 : 50,000 was
used as basic map, and maps in smaller scales were interpreted from the basic map, transferring data from a
map projection system to another map projection system required many works to do. As a result, the idea to
make a consistent map projection system in various scales which was used widely by all countries was then
realized. After World War II, it was introduced with the name “Military Universal Grid System”. This
system was next used widely for construction reasons and known as “Universal Transverse Mercator Grid
and Projection” which was abbreviated into UTM. The UTM map projection system has been accepted
internationally by all countries since then. To overcome the unification problem in map projection system
used in Indonesia, BAKOSURTANAL (National Coordinating Agency for Surveying and Mapping) has
determined the use of UTM map projection system as projection system for national basic maps (Rais,
1977).
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Special Characteristics of UTM Map Projection

Universal Transverse Mercator (UTM) map projection system is a conforming transversal cylindrical

projection with the characteristics as follows (Riyadi, 1983):

1. The projection plane used is cylindrical sphere with the axis cutting over transversal globe.

2. The cylindrical sphere cuts over the earth model on two meridian lines. These meridian lines are called
standard meridians which are projected as ekidistan.

3. The globe is divided into 60 zones. The width of each zone is 6° longitude, with the boundary of north
latitude 84° andsouth latitude 80",

4. Each zone is projected on a cylindrical sphere. The zone numbering is started from zone number 01,
between 180° and 174° west longitude which is then ordered to the east up to zone number 60, between
174° and 180" east longitude. For numbering from south to north, alphabet is used by dividing each zone
8%in height, started from C in the south to X in the north, excluding I and O.

5. Scale factor 0.9996 is determined along the central meridian of each zone. On each cutting line at
180,000 meter to the west and east of the central meridian, the magnification number = 1.

6. Easting (E) and Northing (N) metric grids are determined for each zone. For E abscissa, fictitious
number 500,000 m is given to the central meridian. Therefore, in UTM map projection system there is
no negative abscissa. Abscissa value to the east of the central meridian is fictitious number 500.000+E’,
and abscissa value to the west of the central meridian is 500.000-E’. N ordinate is calculated from the
equator with the ordinate 0 meter to the north. Since N ordinate is also applied for the southern
hemisphere, all ordinates to the south of the equator is given the fictitious value 10.000.000-N to
differentiate it. Thus, the intersection between the equator and central meridian of each zone will have
coordinate (500,000;0) for the zone in the north of the equator and coordinate (500,000;10,000,000) for
the zone in the south of the equator.

7. The earth model for UTM map projection system uses ellipsoid sphere, hence, the formulas in the UTM
map projection system are described using ellipsoid parameter.
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Figure 1 One zone in UTM Projection Figure 2 One zone in UTM Projection

Coordinate Transformaion from Zone to Zone

Each UTM zone has its own coordinate system with point zero at the intersection between its central
meridian and the equator. To equalize the coordinates between zones, coordinate transformation is
conducted(Muryamto, 1999).
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Figure 3Zone Transformation in UTM Projection

Where:
P :  point to be transformed
Py : auxiliary point on border meridian between 2 zones
Yo :  meridian convergence from point P, in zone N
KO :  central meridian from zone N
KO’ :  central meridian from zone (N+1)
KMB : border meridian between 2 zones
T(N), UN) : UTM coordinate from point P in zone N
To(N), Ug(N) : UTM coordinate from auxiliary point Py in zone N
To(N+1), : UTM coordinate from auxiliary point Py in zone (N+1)
Up(N+1)
T(N+1), :  UTM coordinate from auxiliary point P in zone N+1
U(N+1)

AB = 3° (due to zone width = 6°)

The formula used is:

1. Transformation from zone (N) to zone (N+1):
AT(N+1) = g;AT + hjAU + 2gAT AU + h, (AU? — AT?) + g5 (3 AUAT — AT?) + hy (AU’ — 3 AU AT?)
AUNN+1) = g,AU — h|AT + g, (AU? = AT?) — 2h, AU AT + g5 (AU’ — 3 AU AT?)- h; (3 AUAT — ATY)

Coordinate of point P in zone (N+1):
T(N+1) = To(N+1) + AT (N+1)
U(N+1) = Uyg(N+1) + AU (N+1)

2. Transformation from zone (N) to zone (N-1):
AT (N-1) = gAT + h;” AU + 2g,” AU AT + hy’(AU? - AT?) + g3° (3 AU’AT - AT’) + hy’ (AU’ - 3 AU
AT?)
AU (N-1) = g/’AU - h;” AT + g’ (AU? - AT?) — 2h,” AU AT + g3 (AU - 3 AU AT?) - hy’ (3 AUAT -
AT e, )

Coordinate point P in zone (N+1):
T(N-1) =Ty (N-1) + AT (N-1)
U(N-1) = Uy(N-1) + AU (N-1)

From the facts abovementioned appear the questions such as “how is the location of river basins in
Indonesia?” and “in which zones do they belong to?” For a river basin in one zone or several river basins in
the same zone, the UTM coordinates of the corresponding river basins are located in the same system. For
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the river basins located in several areas, the UTM coordinates of the river basins use different system. If the
UTM coordinate systems of a river basin are different, the maps presenting the information of earth surface
shape and dimension of the corresponding river basin cannot be integrated. To equalize the coordinate
systems, coordinate transformation is conducted. Therefore, the first thing to know for certain is the
location of the river basin in question. Then, which zone to be used as the coordinate system is agreed.

This writing presents the identification result of UTM zone of each river basin in Indonesia as an input for
all parties related to water resource management of river basin.

The data used to identify is the secondary data consisting of digital maps of river basins in Indonesia in
scale 1:25,000,000 and list of river basins in Indonesia. The identification method used is visual
interpretation method (Digitize Screen). The interpretation key used is symbol, color, and list of river basins
in Indonesia. The delineation of River basin zones refers to map grid.

DISCUSSION

River basin is an area unit of water resource management in one or moreCatchment Areasand/or small
islands with the width less than or equal with 2,000 km2. The number of river basins in Indonesia based on
the Decree of the President of the Republic of Indonesia Number 12 of 2012 on the Establishment of River
Basin is 131, consisting of 5 cross-country river basins, 29 cross-province river basins, 29 nationally
strategic river basins, 53 cross-regency/municipal area river basins, and 15 regent/municipal river basins.
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Figure 4 River Basins in Indonesia in the Zone of UTM Map Projection System

From the identification result, it is known that river basins in Indonesia are located in either one UTM zone,
two UTM zones, or three UTM zones. The number of river basins in Indonesia which are located in one
UTM zone is 87. Of those 87 river basins, there is a river basin which is a part of one island. In addition,
there is a river basin whose whole area involves one island, and there is a river basin which is islands, such
as Karimunlslands river basin. Thus, the UTM coordinates for each map of the islands belong to the same
system. The number of the river basins located in one UTM zone with some parts of their areas in the north
of the equator and the remaining parts in the south of the equator is 5. For such river basins, the UTM
coordinate systems of the river basin map belong to the same system. The areas of the river basins in the
north of the equator has coordinate (500,000;0), and those in the south of the equator has coordinate
(500,000;10,000,000). The number of the river basins in Indonesia which involve two UTM zones with the
whole areas in the north of the equator is 9. Meanwhile, the number of the river basins in Indonesia which
involve two UTM zones with the whole areas in the south of the equator is 24. The number of the river
basins in Indonesia involving two UTM zones with some parts of their areas in the north of the equator and
the other parts in the south of the equator is 5. There is only one river basin in Indonesia which is located in
three UTM zones. Since each zone in UTM map projection system has its own coordinate system, the river
basins located in more than one UTM zone require coordinate system unification. The coordinate system
unification of river basin is conducted using coordinate transformation. In tabel-1, it can be seen that some
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parts of Ciwulan-Cilaki river basin are located in zone 48 S and some other parts are in zone 49 S. If the
coordinate system to be used is the coordinate system of zone 48 S, all UTM coordinates of zone 49 S are
transformed into UTM coordinates of zone 48 S system.

For instance, point P1 is in zone 49 S, and its coordinates are calculated in the system of zone 49 S as
follows:

X = 193984,8 M

Y =91493459M

Then, coordinates of point P1 are transformed into coordinate system of zone 48 S. The process of
coordinate transformation uses Bakosurtanal software version 1.01. The result is as follows :

X = 855973,566 M

Y =9148995,593 M

From the result of the coordinate transformation above, it can be suggested that the margin of the abscissa
value and ordinates of point P1 in zone 49 S to the abscissa value and ordinates of point P1 in zone 48 S is
very large. The river basin located in three UTM zones is Yamdena—Wetarlslands river basin. The
Yamdena—Wetarlslands river basin is located in zone 51 S, zone 52 S, and zone 53 S. However, most parts
of Yamdena—WetarIslands river basin are in zone 52 S. Thus, in the case of Yamdena—Wetarlslands river
basin, the UTM coordinate system used should be the coordinate system of zone 52 S.

Table 1 Result of Zone Identification of River Basins in Indonesia in UTM Map Projection System

No River Basin Code River Basin Zone  StandardMeridian Cen.tr.al
Meridian

1 01.01.A3 Aceh Mereudu 46U  90°-96° 93°
47U  96°-102° 99°
2  01.02.B Teunom — Lambesoi 46U  90°-96° 93°
470  96°-102° 99°
3 01.03.B Pase-Peusangan 470  96°-102° 99°
4  01.04.A3 Woyla — Bateue 46U  90°-96° 93°
470  96°-102° 99°
5 01.05.A3 Jambo Aye 47U  96°-102° 99°
6 01.06.B Tamiang — Langsa 47U  96°-102° 99°
7 01.07.B Baru — Kluet 47U  96°-102° 99°
8 01.08.C Simelue 46U  90°-96° 93°
47U  96°-102° 99°
9 01.09.A2 Alas — Singkil 47U  96°-102° 99°
10 01.10.B Wampu — Besitang 470  96°-102° 99°
11 01.11.A3 Belawan — Ular — Padang 470  96°-102° 99°
12 01.12.B Bah Bolon 470  96°-102° 99°
13 01.13.A3 Toba — Asahan 47U  96°-102° 99°
14 01.14.B Pulau Nias 470  96°-102° 99°
15 01.15B Sibundong — Btg. Toru 470  96°-102° 99°
16 01.16.B Barumun — Kualuh 47U 96° - 102° 99°
17 01.17.B Batang Angkola - Batang Gadis 47U  96°-102° 99°
18  01.18.A2 Batang Natal — Batang Batahan 47U  96°-102° 99°
478 96° - 102° 99°
19 01.19.B Masang — Pasaman 47U  96°-102° 99°
478 96° - 102° 99°
20 01.20.C Siberut — Pagai — Sipora 47 S 96° - 102° 99°
21 01.21.B Silaut — Tarusan 478 96° - 102° 99°
22 01.22.C Kubu 470  96°-102° 99°
23 01.23.A2 Rokan 470  96°-102° 99°
24 01.24.C Bukit Batu 470  96°-102° 99°
25 01.25.A2 Siak 470  96°-102° 99°
48U 102° - 108° 105°
26 01.26.C Rawa 47U  96°-102° 99°
27 01.27.A2 Kampar 47U  96°-102° 99°
478 96° - 102° 99°
48U 102° - 108° 105°
48 S 102° - 108° 105°
28 01.28.C Guntung — Kateman 48 U 102° - 108° 105°
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No River Basin Code River Basin Zone  StandardMeridian Cen.tr.al
Meridian
48 S 102° - 108° 105°
29  01.29.A2 Indragiri — Akuaman 47U  96°-102° 99°
478 96° - 102° 99°
48U 102° - 108° 105°
48 S 102° - 108° 105°
30 01.30.B Reteh 48 S 102° - 108° 105°
31 01.31.B Bengkalis — Meranti 470  96°-102° 99°
48U  102°-108° 105°
32 01.32.C Kepulauan Karimun 48U 102° - 108° 105°
33 01.33.C Kepulauan Lingga — Singkep 48U 102° - 108° 105°
48 S 102° - 108° 105°
34 01.34.A3 Kepulauan Batam — Bintan 48U 102° - 108° 105°
35 01.35.C Kepulauan Natuna — Anambas 48 U 102° - 108° 105°
49U 108° - 114° 111°
36 01.36.B Pangabuan - Lagan 48 S 102° - 108° 105°
37 01.37.A2 Batanghari 478 96° - 102° 99°
48 S 102° - 108° 105°
38 01.38.A2 Teramang — Muar 47 S 96° - 102° 99°
39 01.39.B Sebelak — Ketahun — Lais 478 96° - 102° 99°
48 S 102° - 108° 105°
40 01.40.B Bengkulu — Alas — Talo 48 S 102° - 108° 105°
41 0141.C Enggano 48 S 102° - 108° 105°
42 01.42.A2 Nasal — Padang Guci 48 S 102° - 108° 105°
43 01.43.A2 Musi — Sugihan - Banyuasin — 48°S 102° - 108° 105°
Lemau
44 01.44.A3 Bangka 48 S 102° - 108° 105°
45 01.45.B Belitung 48 S 102° - 108° 105°
49 S 108° - 114° 111°
46 01.46.A2 Mesuji — Tulang Bawang 48 S 102° - 108° 105°
47 01.47.B Semangka 48 S 102° - 108° 105°
48 01.48.A3 Seputih — Sekampung 48 S 102° - 108° 105°
49 02.01.B Cibaliung — Cisawarna 48 S 102° - 108° 105°
50 02.02.B Ciliman — Cibungur 48 S 102° - 108° 105°
51 02.03.A2 Cidanau — Ciujung — Cidurian 48 S 102° - 108° 105°
49 S 108° - 114° 111°
52 02.04.A2 Kepulauan Seribu 48 S 102° - 108° 105°
53  02.05.A2 Ciliwung — Cisadane 48 S 102° - 108° 105°
54 02.06.A3 Citarum 48 S 102° - 108° 105°
55 02.07.B Cisadea — Cibareno 48 S 102° - 108° 105°
56 02.08.B Ciwulan — Cilaki 48 S 102° - 108° 105°
49 S 108° - 114° 111°
57  02.09.A2 Cimanuk — Cisanggarung 48 S 102° - 108° 105°
49 S 108° - 114° 111°
58 02.10.A2 Citanduy 49 S 108° - 114° 111°
59 02.11.B Pemali — Comal 49 S 108° - 114° 111°
60 02.12.A3 Serayu — Bogowonto 49 S 108° - 114° 111°
61 02.13.B Bodri — Kuto 49 S 108° - 114° 111°
62 02.14.C Kepulauan Karimunjawa 49 S 108° - 114° 111°
63 02.15.C Wiso — Gelis 49 S 108° - 114° 111°
64 02.16.A3 Jeratunseluna 49 S 108° - 114° 111°
65 02.17.A2 Progo — Opak — Serang 49 S 108° - 114° 111°
66 02.18.A2 Bengawan Solo 49 S 108° - 114° 111°
67 02.19.A3 Brantas 49 S 108° - 114° 111°
68 02.20.B Madura — Bawean 49 S 108° - 114° 111°
508 114° - 120° 117°
69 02.21.B Welang — Rejoso 49 S 108° - 114° 111°
70 02.22.B Bondoyudo — Bedadung 49 S 108° - 114° 111°
508 114° - 120° 117°
71 02.23.B Pakalen — Sampeyan 49 S 108° - 114° 111°
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No River Basin Code River Basin Zone  StandardMeridian CeI{tr‘al
Meridian

508 114° - 120° 117°
72 02.24.B Baru — Bajul Mati 49 S 108° - 114° 111°
508 114° - 120° 117°
73 03.01.A3 Bali — Penida 50S 114° - 120° 117°
74 03.02.A3 Lombok 50S 114° - 120° 117°
75 03.03.A3 Sumbawa 50S 114° - 120° 117°
76  03.04.B Sumba 50S 114° - 120° 117°
518 120° - 126° 123°
77 03.05.A3 Flores 518 120° - 126° 123°
78 03.06.B Kepulauan Flotim — Lembata — Alor 518 120° - 126° 123°
79 03.07.Al Benanain 518 120° - 126° 123°
80 03.08.A1 Noel Mina 518 120° - 126° 123°
81 04.01.B Sambas 49U  108°-114° 111°
82 04.02.B Mempawah 49U 108° - 114° 111°
83 04.03.A3 Kapuas 49U  108°-114° 111°
49 S 108° - 114° 111°
50U 114° - 120° 117°
84 04.04.C Pawan 49 S 108° - 114° 111°
85 04.05.A2 Jelai — Kendawangan 49 S 108° - 114° 111°
86 04.06.B Seruyan 49 S 108° - 114° 111°
87 04.07.A3 Mentaya — Katingan 49 S 108° - 114° 111°
88 04.08.B Kahayan 49 S 108° - 114° 111°
508 114° - 120° 117°
89 04.09.A2 Barito 49U  108°-114° 111°
49 S 108° - 114° 111°
50U 114°-120° 117°
50S 114° - 120° 117°
90 04.10.B Cengel — Batulicin 50S 114° - 120° 117°
91 04.11.C Pulau Laut 50S 114° - 120° 117°
92 04.12.B Kendilo 50S 114° - 120° 117°
93  04.13.A3 Mahakam 49U 108° - 114° 111°
50U 114° - 120° 117°
508 114° - 120° 117°
94 04.14.B Karangan 50U 114° - 120° 117°
508 114° - 120° 117°
95 04.15B Berau — Kelai 50U 114° - 120° 117°
96 04.16.B Kayan 50U 114°-120° 117°
97 04.17.A1 Sesayap 50U 114° - 120° 117°
98 05.01.A3 Tondano -Sangihe - Talaud - 51U 120° - 126° 123°
Miangas 520 126° - 132° 129°
99 05.02.B Poigar — Ranoyapo 51U 120° - 126° 123°
100 05.03.A2 Dumoga — Sangkup 51U 120° - 126° 123°
101  05.04.A2 Limboto — Bulango — Bone 51U 120° - 126° 123°
102 05.05.A3 Paguyaman 51U 120° - 126° 123°
103 05.06.A2 Randangan 51U 120° - 126° 123°
104 05.07.B Lambunu — Buol 50U 114°-120° 117°
508 114° - 120° 117°
51U 120°-126° 123°
518 120° - 126° 123°
105 05.08.A2 Palu — Lariang 50S 114° - 120° 117°
518 120° - 126° 123°
106 05.09.A3 Parigi — Poso 50S 114° - 120° 117°
518 120° - 126° 123°
107 05.10.B Bongka — Mentawa 518 120° - 126° 123°
108 05.11.C Kepulauan Banggai 518 120° - 126° 123°
109 05.12.B Laa — Tambalako 518 120° - 126° 123°
110 05.13.A2 Kaluku — Karama 508 114° - 120° 117°
518 120° - 126° 123°
111 05.14.A2 Pompengan — Larona 508 114° - 120° 117°
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No River Basin Code River Basin Zone  StandardMeridian Cerftr.al
Meridian
518 120° - 126° 123°
112 05.15.A2 Sadang 50S 114° - 120° 117°
518 120° - 126° 123°
113 05.16.A3 Walanae — Cenranae 50 S 114° - 120° 117°
518 120° - 126° 123°
114 05.17.A3 Jeneberang 508 114° - 120° 117°
518 120° - 126° 123°
115 05.18.A2 Towari — Lasusua 518 120° - 126° 123°
116 05.19.A2 Lasolo — Konaweha 518 120° - 126° 123°
117 05.20.B Poleang — Roraya 518 120° - 126° 123°
118 05.21.B Muna 518 120° - 126° 123°
119 05.22.B Buton 518 120° - 126° 123°
120  06.01.A3 Halmahera Utara 520 126° - 132° 129°
121  06.02.A3 Halmahera Selatan 528 126° - 132° 129°
122 06.03.B Kepulauan Sula — Obi 518 120° - 126° 123°
528 126° - 132° 129°
123 06.04.B Buru 528 126° - 132° 129°
124 06.05.A3 Ambon —Seram 528 126° - 132° 129°
125 06.06.B Kepulauan Kei — Aru 538 132° - 138° 135°
126 06.07.A3 Kepulauan Yamdena — Wetar SIS 120° - 126° 123°
528 126° - 132° 129°
538 132° - 138° 135°
127 07.01.B Kamundan — Sebyar 528 126° - 132° 129°
538 132° - 138° 135°
128 07.02.A2 Omba 538 132° - 138° 135°
129 07.03.B Wapoga — Mimika 538 132° - 138° 135°
54 S 138° - 144° 141°
130 07.04.A1 Mamberamo — Tami — Apauvar 538 132° - 138° 135°
54 S 138° - 144° 141°
131 07.05.A1 Einlanden — Digul — Bikuma 538 132° - 138° 135°
54 S 138° - 144° 141°
CONCLUSION

The number of river basins in Indonesia which are located in only one UTM zone is 87.

The number of the river basins located in one UTM zone with some parts of their areas in the north of the
equator and the remaining parts in the south of the equator is 5.

The number of the river basins in Indonesia which involve two zones with the whole areas in the north of
the equator is 9.

The number of the river basins in Indonesia which involve two zones with the whole areas in the south of
the equator is 24.

The number of the river basins in Indonesia involving two zones with some parts of their areas in the north
of the equator and the other parts in the south of the equator is 5.

The number of river basins in Indonesia which are located in three UTM zones is 1.
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