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Abstract 

Cumulative distribution and cluster analysis are two statistical tools used to 

analyze certain phenomenological studies. In this study, both are employed to 

analyze the statistical distributions of the sizes of the continents and islands 

using the square root of the area as the random parameter. The 6 continents and 

51 largest islands were considered. The cumulative distribution places them on 

3 distinct straight lines: one containing the continents and Greenland; the second 

containing the 5 largest islands after Greenland; and the third containing the 

smaller islands. A cumulative distribution in the logarithmic scale places them 

on 4 distinct straight lines: one grouping the continents; the second combining 

Australasia and Greenland; the third comprising the larger islands; and a fourth 

containing the smaller islands. Finally, a cluster analysis groups them in at least 

5 distinct clusters of the continents, the large islands and at least 3 more clusters 

of smaller islands. 

 

1. INTRODUCTION 

According to Wegener’s Theory of Continental Drift, there was, once upon a time, a 

single landmass called Pangaea which was surrounded by the world ocean called 

Panthalassa. Around 200 million years ago, Pangaea started to break up into two super-

continents named Laurasia and Gondwanaland, which subsequently fragmented into 

continents. These continents continued to drift, but remained largely intact to form the 

present-day continents. 

Far less discussed is the formation of the islands which were formed in secondary and 

tertiary processes by plate tectonics and other geological upheavals. Fractures and drifts 

around the more fragile edges of the continents most likely gave rise to the majority of 

the islands. For example, Madagascar separated from the African mainland to become 

an island just as Tasmania separated from Australia. This process continues today and 
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it is predicted for example that one day Baja California peninsula will detach from 

North America to form an island. 

In this study, we study the size distributions of the continents and islands by 

employing the notion of cumulative distribution, which divides these fragments into 

different groups. We finally apply the concept of cluster analysis to separate them into 

various clusters.  

 

2. CUMULATIVE DISTRIBUTION  

In a regular distribution curve, the frequency or the number density is plotted as the 

ordinate against some variable as the abscissa. In a cumulative distribution curve, the 

cumulative number is used instead of the frequency or number density. In a size 

distribution of objects, the cumulative number N is the number of objects having size 

equal to or greater than a given size. In this concept, the cumulative number of the 

largest object is 1; that of the second largest object is 2; and so on. This is then nothing 

but the size rank of the objects, which is the term we shall use here. The advantages of 

the cumulative distribution are: (1) The distribution always betrays a smoother profile; 

and (2) The distribution requires a smaller number of data samples.  

It is a law of nature that a random fragmentation of an object produces fragments of 

different sizes having a certain characteristic distribution. In a random fragmentation 

of a linear object, the resulting fragmentation is usually exponential [1]. The 

cumulative number of fragments N as a function of the length L is given by: 
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where N0 is a constant. In this distribution, the plot N in logarithmic scale versus L is a 

straight line having a negative sloe. 

 

However, in the areal fragmentation of a two-dimensional object, various types of 

distributions are possible [2]. One of the most successful distributions in the areal 

fragmentation of a surface was given by Mott and Linfoot [3]. The Mott distribution is 

a logical extension of the exponential distribution in two-dimensional space and is 

written as: 
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where A is the area of the fragment. In this distribution, the plot of N in logarithmic 

scale against √A is a straight line with a negative slope [3]. An analytical solution of 

this problem as well as several computer-generated distributions have been worked out 

by Grady and Kipp [2]. However, none of them is as successful as the Mott distribution 

in validating experimental data [2]. 
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3. CLUSTER ANALYSIS  

Cluster analysis consists of the classification of a group of objects according to certain 

similarities and criteria [4 − 6]. Cluster analysis has been applied to all fields of 

empirical science and has led to important discoveries. For example, classification of 

animals by Darwin resulted in his theory of evolution. Similarly, classification of 

elements by Mendeleyev gave rise to the periodic table discovery of missing elements. 

In astrophysics, the classification of stars by the Russell-Hertzsprung diagram led to the 

theory of stellar evolution. More recently, cluster analysis has been applied to determine 

the planetary status of Pluto [7]. 

 

The basic scheme of cluster analysis consists of the following steps. 

Step 1. Suppose that there are n objects which are to be grouped according to m 

properties, which are generally quantitative in nature.  

 

Step 2. The similarity two objects is determined by one of many resemblance 

coefficient (r) found in the literature [8]. The value of r ranges between 0 and 1 (100%). 

For variables having non-negative values, a particularly simple resemblance coefficient 

has been used [7]: 
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Step 3. The resemblance coefficients are calculated between every two objects and their 

average values determined. Amongst the averaging schemes, the arithmetic mean 

(AM) and the geometric mean (GM) are the most common: 
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and 

                                                           ii yxGM                                                      (5) 

 

For properties having a wide range of values, the geometric mean is preferable [7]. 

However, for properties having comparable values, the arithmetic mean suffices. 

The two objects having the greatest value of r are deemed the most similar. They are 

then joined to form a single new object or cluster in the group, whereby themselves 

disappearing in the process. The number of objects in the group is then reduced by one.  
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Step 4. Steps 2 and 3 are repeated and each time the number of objects is reduced by 

one. The process is continued until all the objects have been clustered into one. A tree 

diagram called a dendrogram is constructed to illustrate the entire clustering process. 

 

4. RESULTS 

Altogether the 6 continents and 51 largest islands were considered in this study. Table 

I (from [9, 10]) shows their areal ranks N, areas A and square roots of the areas √A. 

Only the last quantity is used as the variable (abscissa) in this study. 

 

Table I. AREAS of CONTINENTS and LARGEST ISLANDS 

Rank CONTINENT/Island Area A, km2 √A, km 

1 EURASIA 54,106,000 7,356 

2 AFRICA 30,335,000 5,508 

3 NORTH AMERICA 25,349,000 5,035 

4 SOUTH AMERICA 17,611,000 4,197 

5 ANTARCTICA 13,340,000 3,652 

6 AUSTRALASIA 8,923,000 2,987 

7 Greenland 2,175,600 1,475 

8 New Guinea 789,950 889 

9 Borneo 751,100 867 

10 Madagascar 586,376 766 

11 Baffin 507,454 712 

12 Sumatra 424,760 652 

13 Honshu 227,920 477 

14 Great Britain 218,896 468 

15 Victoria 217,290 466 

16 Ellesmere 196,236 443 

17 Celebes 189,034 435 

18 South Island 151,238 389 

19 Java 126,501 356 

20 North Island 114,444 338 

21 Newfoundland 108,860 330 

22 Cuba 104,981 324 

23 Luzon 104,688 324 

24 Iceland 103,000 321 
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Rank CONTINENT/Island Area A, km2 √A, km 

25 Mindanao 94,631 308 

26 Ireland 82,214 287 

27 Sakhalin 76,405 276 

28 Hispaniola 76,143 276 

29 Hokkaido 75,066 274 

30 Banks 70,028 263 

31 Ceylon 65,610 256 

32 Tasmania 63,710 252 

33 Svalbard 62,049 249 

34 Devon 55,247 235 

35 Novaya Zemlya 48,200 220 

36 Marajo 46,597 216 

37 Tierra del Fuego 46,360 215 

38 Alexander 43,250 208 

39 Axel Heiberg 43,170 208 

40 Melville 42,150 205 

41 Southampton 41,215 203 

42 New Britain 36,519 191 

43 Taiwan 35,835 189 

44 Kyushu 35,664 189 

45 Hainan 33,999 184 

46 Prince of Wales 33,338 183 

47 Spitsbergen 31,999 179 

48 Vancouver 31,285 177 

49 Timor 29,855 173 

50 Sicily 25,708 160 

51 Somerset 24,786 159 

52 Sardinia 24,090 155 

53 Shikoku 17,767 133 

54 New Caledonia 16,913 130 

55 Nordaustlandet 16,599 129 

56 Samar 13,080 114 

57 Negros 12,707 113 
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Fig. 1 

 
Figure 1 is the cumulative distribution of the latter in linear scale. The data points fall 

neatly on 3 straight lines indicating 3 distinct classes of objects: (1) On one straight line 

lie the 6 continents and the largest island Greenland; (2) On the second straight line 

are situated the next 5 largest islands New Guinea, Borneo, Madagascar, Baffin Island 

and Sumatra; and (3) The third straight line connects the remaining smaller islands 

from Honshu onwards. Thus the landmasses are clearly grouped into three categories 

in this distribution. Curiously, Greenland is elevated to the status of a continent 

according to this distribution. 

Figure 2 is the same cumulative distribution in a logarithmic scale. The data points 

now lie on 4 straight lines: (1) On the first line are the continents; (2) Australasia and 

Greenland fall on the second straight line; (3) On the third line are the same large 

islands as in Fig.1; and (4) On the fourth straight line are the rest of the smaller islands 

as in Fig. 1. In this configuration, Australasia and Greenland now form a separate group, 

with Greenland losing its continental status. However, Australasia, situated close to 

the continental line still retains its continental status.  
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One can infer from Figs. 1 and 2 that Greenland belongs neither in the continental 

group (being 4.218 times smaller than Australasia) nor in the large islands group (being 

2.754 time larger than New Guinea). It forms a separate category by itself. 

 

 
Fig. 2 

 

Figure 3 is the dendrogram of the 6 continents and 26 largest islands of Table I created 

by the cluster analysis. In that figure, the resemblance coefficient r decreased to the 

right. Unlike Figs. 1 or 2, it shows that the landmasses of Table I form 5 distinct cluster 

groups: (1) Cluster 1 consists of the 6 continents; (2) Cluster 2 consists of the 6 largest 

islands from Greenland to Sumatra; (3) Cluster 3 consists of the next group of 6 

islands from Honshu to South Island; (4) Cluster 4 consists of 7 islands from Java to 

Mindanao; and (5) Cluster 5 consists of the final group of 7 islands from Ireland to 

Tasmania. In this analysis, Greenland clusters with the largest islands. 
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Fig. 3 
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In the next rounds of clustering, Clusters 4 and 5 join to form a larger cluster 4-5; 

which then joins cluster 3 to form a mega-cluster 3-4-5. The latter then joins Cluster 

2 to form the super-island-cluster. On the continental side, Cluster 1 now reconstitutes 

the super-continent Pangaea. The super-island-cluster is finally allowed to join 

Pangaea to form the original landmass of 200 million years ago. 

It should be remarked that only the 26 largest islands of Table I were used for this 

cluster analysis. Had all 51 islands been considered, there would certainly have been 

more clusters of smaller islands in the dendrogram.  

In summary, both cumulative distribution and cluster analysis classifies the landmasses 

of continents and islands into distinct groups or clusters. The results from the two 

methods generally agree for continents and the largest islands. However, for the smaller 

islands, only the cluster analysis is able to make a classification. 
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