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Abstract 

Determining the area and geographical center of a nation or a state is of great 

interest to geographers, cartographers and the common public alike. However, 

no mention of the geographical centers of the oceans can be found in the 

literature. In this paper, we devise a method to determine the area and 

geographical center of the Indian Ocean as an example. This is done graphically 

using spherical polar coordinates. Two descriptions of the Indian Ocean are 

considered: one, the Greater Indian Ocean with its southern boundary extending 

up to Antarctica; and two, a Truncated Indian Ocean with the southern boundary 

at 60oS parallel of latitude. The areas in these two descriptions are estimated as 

75,503,127 km2 and 69,232,664 km2, respectively. The coordinates of the 

geographical centers in the two descriptions are determined to be (26.82oS, 

77.37oE) and (25.51oS, 77.13oE), respectively. 

 

INTRODUCTION 

Determining the geographical center of a nation or a state is of great interest to 

geographers, cartographers and the common public alike [1]. This center can be defined 

as the point upon which the nation or state would balance under gravity if it were a 

plane of uniform density [2]. It is thus the center-of-mass of this plane. The 

geographical centers of the conterminous United States [3], or its individual states [4], 

or even the North American continent [5] have been determined. However, no mention 

of the geographical centers of the oceans can be found in the literature. In this paper, 

we devise a method to determine the geographical center of the Indian Ocean as an 

example. 
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About 71% of the Earth’s surface consists of the World Ocean. The division of the 

World Ocean into separate oceans is not unanimous. The Pacific Ocean, Atlantic 

Ocean and Indian Ocean are universally recognized. Oftentimes, the Arctic Ocean is 

recognized as separate from the Atlantic Ocean. Lastly, a fifth ocean called the 

Southern Ocean was recognized by the International Hydrographic Organization 

(IHO) in the year 2000 as carved out of the waters of the three major oceans south of 

the 60oS parallel of latitude [6, 7]. This means significant truncations of the three major 

oceans south of this parallel. In this paper we refer to the terms of Truncated Indian 

Ocean and Greater Indian Ocean depending upon whether its southern boundary is 

the Southern Ocean or the continent of Antarctica (Fig.1, adapted from [8]).  

 

Fig. 1 

 

Estimates vary slightly regarding the area of the Indian Ocean, from 73,481,000 km2 

[9] to 73,600,000 km2 [10]. In this paper, we assume a reliable intermediate figure of 

73,556,000 km2 [11] for the same, which accounts for 14.42% of the Earth’s surface 

area. These figures refer to the Greater Indian Ocean bounded by Antarctica. If the part 

south of the 60oS parallel is ceded to the Southern Ocean, then one is left with a figure 
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of 68,556,000 km2 for the area of the Truncated Indian Ocean, which is now 13.44% 

of the World’s surface area [12]. 

 

 

Fig. 2 

 

METHOD 

For a large body of water, it is necessary to employ an angular coordinate system. On 

the surface of the Earth, the two angular coordinates used are: Latitude λ, the angle 

measured from the equator positive northward (‒  90o ≤ λ ≤ 90o); and Longitude ϕ, the 

angle measured from the Prime Meridian positive eastward (‒  180o ≤ ϕ  ≤ 180o)  

(Fig. 2). Mathematical physicists use the Spherical Coordinate System: the radial 

distance from the center of the Earth r; zenith angle θ, the angle measured from the 

north pole (0o ≤ θ ≤ 180o); and azimuthal angle ϕ, the angle measured from the prime 

meridian positive eastward (0o ≤ ϕ  ≤ 360o) (Fig. 2). The zenith angle, also called the 

co-latitude, is the complement of the latitude from 90o: θ + λ = 90o. The azimuthal angle 

and longitude are nearly identical, except for their limits.  

Due to the combination of gravitational force and centrifugal force of rotation, the Earth 

is shaped like an oblate ellipsoid about its polar axis. Consequently, its equatorial 

radius re is greater than its polar axis rp. For the reference Earth, it is appropriate to use 
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the volumetric radius rv, which is the radius of a sphere of volume equal to that of the 

reference ellipsoid of the Earth: 

 

                                                               𝑟𝑣 = √𝑟𝑒2𝑟𝑝
3

                                                        (1) 

 

We have re = 6,378.137 km; rp = 6, 356.752 km; whence rv = 6,371.001 km [13]. In this 

scheme, the surface area of the reference Earth is A = 4πrv
2 = 510,064,632 km2, which 

is close to its reference value of 510,065,623 km2 [14]. 

 

Following the expression for the center of mass of a flat laminar body, we can write for 

the angular coordinates (ϴ , Φ) of the center of mass of the ocean as: 

  

                                                                𝛳 =
∫𝜃𝑑𝐴

∫𝑑𝐴
                                                           (2) 

and 

                                                               𝛷 =
∫𝜙𝑑𝐴

∫𝑑𝐴
                                                           (3) 

 

where the elementary area is (vide Fig. 2): 

 

                                                       𝑑𝐴 = (𝑟𝑣𝑑𝜃)(𝑟𝑣𝑠𝑖𝑛𝜃𝑑𝜙)                                            (4) 

 

Hence 

                                              𝛳 =
∫𝑟𝑣

2𝜃𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

∫𝑟𝑣
2𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

=
∫𝑟𝑣

2𝜃𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

𝐴
                                       (5) 

and 

                                              𝛷 =
∫ 𝑟𝑣

2𝜙𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

∫𝑟𝑣
2𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

=
∫𝑟𝑣

2𝜙𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜙

𝐴
                                       (6) 

 

with A as the total surface area of the ocean. 

 

RESULTS 

For an irregular object, analytical solutions are not expected and numerical methods 

have to be utilized. For the problem at hand, a graphical method is appropriate. The 

ocean surface is carved into rectangular elementary areas bounded by meridional planes 
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and circles of latitude. Each rectangle is counted as belonging to the ocean if over 50% 

of it is covered with water. It must be remembered that adjacent seas naturally 

connected to the ocean are parts of the ocean, but islands are considered parts of the 

landmasses or continents. A central difference scheme is adapted for the variables θ 

and ϕ. It was found that 10o intervals for θ and ϕ  were adequate for this problem. 

The results are summarized in Table I. The areas of the Greater Indian Ocean and the 

Truncated Indian Oceans were 75,503,127 km2 and 69,232,664 km2, respectively. That 

represents the loss of a substantial 8.30% of the surface area of the Greater Indian Ocean 

due to the transfer to the Southern Ocean. However, the locations of the centers of 

masses of the two versions of the Indian Ocean were relatively small as shown in Fig.1. 

The center of the Truncated Indian Ocean was 1.31o to the north of the Greater Indian 

Ocean whereas the former was merely 0.24o westward of the latter. 

Table I. Calculated Areas and Coordinates of Indian Ocean 

 Greater Indian 

Ocean 

Truncated Indian 

Ocean 

Area of Ocean 75,503,127 km2 69,232,664 km2 

Latitude of Center of Ocean 26.82o 25.51o 

Longitude of Center of 

Ocean 

77.37o 77.13o 
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