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Abstract
Observational facts from the Maldives, Goa and Bangladesh in the Indian
Ocean and from Fiji and New Caledonia in the Pacific record a high sea level
in the 17th century, a low sea level in the 18th century, a high sea level in the
early 19th century and a stable sea level in the last 50 - 70 years. This cannot
be understood in terms of glacial eustasy (or in terms of steric effects or tectonics), only in terms of rotational eustasy. The present paper gives a summary of the observational facts behind the formulation of the novel concept
of rotational eustasy. It reveals a common trend of sea level changes, which is
opposed to the sea level changes in the northern hemisphere, and the global
climatic changes in general. Rotational eustasy offers a logical explanation.
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1. Introduction
The theory of rotational eustasy emerged as a direct consequence of observational facts from numerous sites on a number of key areas in the Indian Ocean
and the Pacific. The data obtained revealed that there was a missing factor in our
understanding of the cause of sea level changes; the concepts of glacial eustasy
and thermal water expansion were not able to explain the variations in sea level
observed (nor were local tectonics). The additional factor needed was termed
“rotational eustasy” and its physical understanding has been presented in a special paper of this journal [1].
A new theory stands and falls with the quality of the basic observational facts.
Therefore, this paper presents a summary of available facts upon which the
theory of rotational eustasy is based. Previously, each region was presented separately. It soon became obvious that there was a common trend in the sea level
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changes during the last 500 years within the Indian Ocean and the Pacific, and
that this trend was very different from the records of the northern hemisphere
and global climate in general. This paper highlights the facts (region for region)
upon which the concept of rotational eustasy is based [1].

2. Eustatic Test Areas in Europe
The Stockholm area, the Kattegatt Sea and the Amsterdam region constitute excellent test areas for the regional eustatic component, because the absolute
crustal component is known in detail (Stockholm going up by 4.9 mm/yr, the
whole of the Kattegatt area being covered by absolute crustal movement documentation with the zero isobase fixed for the last 8000 years in the Great Belt
area, the Amsterdam area subsiding at a rate of 0.4 mm/yr). The absolute
eustatic component can be firmly fixed at +1.05 ± 0.15 [2] [3] [4] [5] [6].
The regional eustatic component of the US East Coast seems to be in a similar
order of magnitude [7] [8].

3. The Maldives
In 2000 we initiated the International Sea Level Project in the Maldives. After 6
expeditions, careful documentation of coastal morphology in different dynamic
settings, stratigraphy, leveling and 57 C14-dates, a quite comprehensive picture
was established of the sea level changes during the last 5000 years [9]-[16].
Figure 1 summarizes the main steps of the sea level changes during the last
500 years: a +50 - 60 cm high sea level in the 17th century (Figure 2), a low sea
level in the 18th century with submarine peat (Figure 3), and a 10 - 20 cm drop
at around 1970 (Figure 4).

Figure 1. Summary of observer sea level changes in the Maldives during the last 500 years
[10] [11] [13] [15]: a +50 - 60 cm high sea level in the 17th century (i.e. during the
Maunder Minimum cold period), a low level (probably well below -15 cm) in the 18th
century (i.e. during the 18th century warm period), a very rapid rise to a +10 - 20 cm level
in about 1790 (i.e. at the onset of the Dalton Minimum cold period), a sudden fall at
about 1970, and stable conditions during the last 50 years.
DOI: 10.4236/ijg.2019.107042
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Figure 2. The +50 - 60 cm level in the 17th century: (A) beach ridge dated at about 400 BP. (B) a sequence of lagoonal shore levels: (4)
at +60 cm from about 400 BP, (3) a +20 - 30 cm from the pre-1970 shore level, and (2) and (1) from the present HTL and MTL [7] [11].

Figure 3. Submarine peat from the Guidhoo Atoll with Core 2 from the northern side and Core 1 from the southern side of the
island, recording a low sea level in the 18th century (peat including a tsunami bed [10] [12] [15]), a rise in sea level at about 1790
(the change from peat to lake gyttja) and a fall in sea level at about 1970 (the drying up off both lakes).
DOI: 10.4236/ijg.2019.107042
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Figure 4. The 20 cm sea level fall at about 1970 [11] [13] [15] [16]. (A) the lowering induces strong erosion with the redeposition of eroded sand at a lower sea level. The old
shore notch is abandoned, and the old shore is in the process of becoming over-grown.
(B) a double rock-cut platform. The old platform (A) is left and weathered (in a map
from 1922 it was covered by water), and the new platform is fresh and under-going present-day erosion. The notch between the two platforms is weathered and without signs of
erosion indicating stable sea level conditions today.

4. Goa, India
In Goa, it was possible to establish a very comprehensive record of sea level
changes during the last 500 years [15] by applying a combination of shore morphology, stratigraphy, biological index levels, archaeological buildings, old harbours, the scenery in an old painting, historical notes and tide gauge records.
The database is summarized in Figure 5.
There is a clear +60 cm high sea level dated at 1615 ± 12 cal. yrs BP (Figure
6), a submarine building at about −1 m dated at 1700-1750 AD (Figure 7), a 20
cm drop in sea level at about 1960 (Figure 8), and a stable sea level over the last
60 (Figure 5).

5. Bangladesh
The Bangladesh sea level record is summarized in Figure 9 [16] [17] [18]. It
shows the occurrence of a clear low sea level stage in the late 18th to 17th century [18] and a drop in sea level of about 10 - 20 cm at about 1960 [17]. There
seems also to be stratigraphical records of the 1733 tsunami during the formation of the low sea level deposits [12].
DOI: 10.4236/ijg.2019.107042
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Figure 5. Sea level changes in Goa, India, during the last 500 years [15] [16].

Figure 6. A distinct undercut notch located 60 cm above the present upper limit of living
barnacles marking the position of the present HTL [15] [16]. The +60 cm sea level is
dated at the 17th century.

Figure 7. Remains of a partly submerged building and harbour construction dating at
1700-1750 when sea level was 1.0 - 1.5 m lower than today [11] [13]. In an old painting of the
city of Old Goa [7] [15] [16], there are two harbours; an old and dried-up one with abandoned
ships (obviously from the high sea level during the 17th century) and an active harbour at the
riverside with ships in operation (obviously from the low sea level in the 18th century).
DOI: 10.4236/ijg.2019.107042
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Figure 8. The pre-1960 and post-1960 sea levels with a 20 cm difference in elevation [15] [16]. A: double rock-cut levels; the upper
abandoned and weathered at +20 cm, and the lower covered by living barnacles at ±0 cm HTL. B: similar double levels but with
the upper level connected with the foot of the dead bedrock cliff and the lower connected to a segment of active erosion along the
old rock cliff.

Figure 9. Sea level changes in Bangladesh during the last 500 years [15] [16] [17] [18].

6. The Fiji Islands
In the Yasawa Islands of the Fiji Islands, we undertook extensive shore morphological analyses and dating [16] [19] [20] giving a detailed record of the sea level
changes during the last 500 years (Figure 10).
There is a clear +70 cm high sea level record dated at the late 16th to late 17th
century (Figure 11), a low sea level in the 18th century reaching −100 - 70 cm
(Figure 12), a +30 cm in the early 19th century (Figure 13), a stable sea level
over the last 150 (Figure 13) years with a 10 - 20 cm lowering in the late 20th
century and perfectly stable sea level conditions for the last 20 - 60 years forcing
coral growth into microatolls (Figure 14).

7. Ouvéa Island in New Caledonia
On the Ouvéa Island there are excellent records of the +70 cm sea level of the
17th century (Figure 15, with additional illustrations in [1]. There is also morphological evidence of the absence of a present sea level rise [21]. Figure 16
shows the +70 cm shore, the sub-recent +20 cm level now abandoned and overgrown, and the present stable sea level. A recent 20 cm fall in sea level (in the
1950s) is well documented in Figure 17.
DOI: 10.4236/ijg.2019.107042
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Figure 10. Summary of observed, documented and dated sea level changes in the Yasawa
Island of the Fiji Islands [19] [20].

Figure 11. The +70 cm has a high-tide level (HTL) and washing limit (WL) lying exactly
70 cm above the present HTL and WL. A coral from the +70 cm beach was dated at 1601
± 143 BP [19].

Figure 12. The 18th century is represented by a low sea level generating a HTL rock-cut
platform with under-cut notches and coral erosion at present LTL; i.e. at a level of about
−70 - 100 cm [19].
DOI: 10.4236/ijg.2019.107042
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Figure 13. A 160 m long coastal barrier was built out by about 1 m per year (C14-date at yellow cross). The crest (green) was
higher in the beginning and then fairly flat (indicating no present rise in sea level). Yellow = WL, blue = HTL, purple = notch on
the lagoonal side (MTL), orange = HTL during the 18th century low sea level [19].

Figure 14. In the late 20th century, sea level fell killing many corals (the centre in image A) and forcing corals to grow as microatolls (A), which indicates quite stable sea level conditions for the last 20 - 60 years. The drop in sea level is also seen in the difference between the upper limit of dead (yellow) and living (red) patella shells and barnacles (B) [16] [19].
DOI: 10.4236/ijg.2019.107042
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Figure 15. Ouvéa Island: the +70 cm sea level of the 17th century is a very pronounced
shore level.

Figure 16. The +70 cm, +20 cm and present shores in a sandy environment of northwest
Ouvéa Island.
DOI: 10.4236/ijg.2019.107042
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Figure 17. The +20 cm HTL under-cut notch of the 1800-1950 period, and the present HTL some 20 - 30 cm
below. Stalactites in the roof of the under-cut notch give evidence of subaerial environment.

8. Some Other Sites
The absence of a present-day rise in sea level is documented from many other
sites in the equatorial region of the Indian Ocean and the Pacific. This is the case
with the Minicoy Island [7] [15], St. Paul Island [15] and Qatar [22] in the Indian Ocean, and Tuvalu [11] [23], Vanuatu [11], Kiribati [24] [25] and Samoa
[26] in the Pacific.

9. Conclusions
The observational facts highlighted above (see also [16]) document the following
sequence of events recorded by multiple records in the Indian Ocean and the
Pacific:
1) A +60 - 70 cm high sea level in the late 16th to 17th century, well recorded
and dated in the Maldives, Goa, Fiji and New Caledonia.
2) A low sea level (well below the present one) in the 18th century, well recorded and dated in the Maldives, Goa, Bangladesh and Fiji.
3) A +30 cm high sea level in the early 19th century, well recorded in the Maldives, Goa and Fiji (also seen in Ouvéa Island).
4) A stable sea level 10 - 20 cm above the present one in the late 19th to early
20th centuries, well recorded in the Maldives, Goa, Bangladesh, Fiji and New
Caledonia.
5) A 10 - 20 cm sea level lowering in 1950-1970, well recorded in the Maldives,
Goa, Bangladesh, Fiji and New Caledonia
6) Stable sea level conditions in the last 20 - 60 years, as documented in the
Maldives, Goa, Bangladesh, Fiji, New Caledonia and a number of other sites (e.g.
Minicoy, St. Paul Island and Qatar in the Indian Ocean, and Tuvalu, Vanuatu,
Kiribati and Samoa in the Pacific).
The sea level records are so similar [1] [7] [13] [15] [19] [21] that they can be
combined into a common sea level curve of the last 500 years (Figure 18(A))
valid for the equatorial regions of the Indian Ocean and the Pacific. This curve is
totally different than the one obtained for the eustatic test areas of northwestern
Europe (Figure 18(B)). This can only be understood in terms of rotational eustasy
DOI: 10.4236/ijg.2019.107042
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Figure 18. (A) the combined eustatic curve of the equatorial regions (below 30˚ N.Lat.)
for the last 500 years, and (B) the eustatic curve from the NW European eustatic test areas
of the Baltic, the Kattegatt and the North Sea. Whilst curve B follows the general climatic
changes quite well and hence seems to be dominated by glacial eustasy, curve A is in opposed mode and have oscillations of much higher amplitudes, indicating that it is dominated by other forcing functions, viz. rotational eustasy [1].

[19] [20] [21] calling for a separate explanation in terms of physics as presented
and further discussed in a separate paper [1].
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