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A. B. Nelson

For the thousandth time, Jean Pierre stood on Montmartre and
cursed the new , tall~ buildings blocking his view of the beautiful salt
water Gulf of Paris joining Paris-sur—Mer with the English Channel.
Fan tasy? Perha ps, bu t certainly possib le if all of the world’s land-
locked ice wer e to melt . The rise of sea level that would result from
melting most of the present ice, dS well -is the previous (more extreme)
ice-age lowering of the oceans, are illustra ted in this paper.

In common usage , land elevations and ocean de pths are given
in terws of distance abov e or belo w mean sea level. while the “lean
sea level” is not as ephemeral a reference point as “the old oak
tree ” or “farm er brown ’s cow ”, it is not truly perma nent. The level
of the oceans (i.e., the “mea n sea level”) directly relates to the
amoun t of water trapped as land-locked ice.

Durin g the ice—ages of the Quaternary Period , a succession
of ~laci ations occurred t h at  cause d dramatic change- s in  sea level
(eustacy) . The qiaciations may have b€en caused by some combination
or everjt~ such as variati ons in the radiant er~ergy emi tted by the
sun , the presence of intersteilar dust clouds blocking the solat
radia tion , perio dic changes affecting the earth’s motion , or other
pheiionena, such as internal processes in the atmosphere and oceans.
It is teuiptin g (and fascinati’~q) to specula te on t i e  possi ble ef f ects
of massive enqine.~rin q pro jects, ~.oor land management , a n d  an—mad e
pollution on future local  and g lobal climate variations; however ,
such speculation is rot within the scope of this paper.

Th e acc unulat ion of e n o r n o u s  amounts of ice causes a warpi ng
)t th k ’ und erl yin i land (isostacy) and , conversely, the rem ovd t of an
e1uiv ~~lent .imout~t of water trom the ocean  causes a slight uplitt.ing
ot  t o c Cj f l  floc~~. T~-e iso~;t3 tic changes contribute to some local
i aanJes ik  t he r ~- ‘lat  i v-’ ~ea lt’Vel . Th~ geologica l recovery fr om the
war ptn q cau~ied L~~~ pc l 5t  q t a c ie r s  i~; stilt u n d e r w a y :  t h e  v i c i n i t i e s
i t  t h e  ( ; U I L  of ~ot hn i t a n ’~ i l u  Lon  h a y  h a v e  the greatest po~-en tial
h r  tut u re u n li ft (Kinq, 19~ S). The effects of isostatic variations ,
~~~~~~~~ vet o n o t  consideied i n  pre paring the illustrations for this
n - i  n et
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About  18,000 y ears ago , t he  sea stood below it s presen t le vel
by at least 85 mete r s .  some es t imates  show a l o w e r in g  ot as much  as
110 to 125 me ters (Curray, 19 6 5 ) .  The c o n s e r v a t i v e  85 me t er  e s t im a t e
would have exposed almost 10 million square kilometers of land , about
seven percent more laud area than at present - an  a r e a  tar-jet than
the United States. This would remove approximately 30 million cubic
kilometers of wa ter from the ocean (the Mediterranean Sea, w i t h  an
average depth of 1.5 kilome ters, c o n t a i n s  a bou t on e eigh th of t h e
volum e removed). Awcng the more signiticant effects of removing this
guantity of water from the ocean are the emergence of a land “b r i dg e ”
joining Siberia with Alaska , and  the conn ec t ion  ot sever a l  i s lands
with the mainland of Asia . These “bri dges” wer e ver y  l ik ely used by
migra ting humans and other animals , caus ing  a d i spersion of spec i es
on a scale that would have been otherwise impossible. The drying of
the Baltic Sea probably had less impac t on huma n and anim a l movement ,
since the area was u nder several thousand feet of ice.

It is also possible for the oceans to rise above their present
level; however, it is probable tha t the mean sea level has been only
slightly above its present level during geologically recent times.
In order to ra ise the sea level signit ican tly (more than a few meters) ,
the  la nd—locked  ice in the A n t a r c t i c  w o u l d  have  to m e l t .  The South
Pola r ice-cap conta ins  over 23 mil l ion cubic k i lometers  of l and - locked
ice. If it melted , it would raise the water  level by about 65 mete r s ,
ca us ing  the f l ood ing  of almost 9 mi l l ion  square k i l o m e t e r s  of p re sen t ly
dry  la nd. Since a great  proport io n of the wor ld ’ s cit ies and economic
centers are situated in coastal areas, the  t l ood ing  would  be f a r  more
disastrous than the percent of land lost indicates. Extensi ve floodinq
wouL~i also occur in the usually agriculturally rich and heavily populated
inland river valleys ; for example, the elevation of Paris, France , ranges
trom 26 to 128 meters (Encyclopaedia Britannica , 1’~76) so that. a major
portion ot it would be next to (or under , by as much as about  40 meters)
the inlet that would be foraea from the English Channel through the
present course ot the Seine River.

Fortunately, deliberately melting the Anta rctic ice would be
extremely difficult, since huge amounts of energ y would be required:
almost 2x10**21e calories. This amount of energy is more than one
million times the electrical productio n of the United States during
1975. I t  is about equa l to the total  amoun t  of solar energy reach ing
the surface ot the  ear th  in 2.6 years. 

- ~~~~~~



— 3—

F A Nc1!Qj~

~~ The illust ra tions in this pa per show the geographical changes
t h a t  wo uld resu l t  from v dL i at i o n s  in Sea level. The  f i r s t  f i v e  t i g u r e s
ill ust ra te  the e x t e n t s  of la nd and sea as t h e y  are a t  present , as the y
were during the ice—dge, and as the y w ould  be if the  South  Polar ice
mel ted .  The nex t ei gh t t ig u r e s  show f a n c i f u l  ex t remes  of f looding a n d
d r y i ng .  ~~Th e  dot s on the  naps are at intervals of one degree of latitude
and lon4Itude. Convergence ot the meridians is not depicted on the maps.

Fiq~ 1 shows the present dry land area. The land a rea resulting
trom a lowering or the sea leve l by 85 neters appears in Fig. 2a , w h i l e
Fig. 3a shows the possible effects of netting the Antarctic ice sheet
(i.e. , a 65 meter rise of sea level). Figs .  2b and 3b show only  the
a reas t h a t  would f lood  or d r y  in  t h e  e v en t  of t he  g iven  changes in water
le vel.

Practical considerations govern the extremes of possible eustacy.
In the event of very extreme glaciations, the level of the oceans could
tall far below the estima ted previous lows. However , if all the land
ice were melted, the~ sca level could no t rise more than about 65 meters .
Even adding all probable subsurface wa ter would only raise the level by
about 15 meters more. Thus , the Units of sea level in the real world
ar e constrained by available water and , to a less well d efined ex ten t,
by a reaso nab l e  es t imated  m a x i m u m  glac ia t ion .  The l im i t s  of sea level
in  the computer are not so limited ; theretore , it is possible to show
h y p o t h e t i c a l  e x a m p l e s  ot e x tr e m e  f l o o d i n g  and  d r y i n g .  Figs.  4 — 7  show
t h e  e f fe c t s  of r a i s ing  a n d  l o w e r i n g  the  wa te r  le vel by t h e  a r t i f i c i a l
amounts of 200 a n d  500 meters.  These examples  a re  not intended to
show any  real s i t u a t i o n , but are included only to emphasize the varying
topog raphy of the world.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
The data used in p r e p a r i n g  the map s (Gates and Nelson, 1975)

consist of ocean depths and elevations on a one degree grid. The
process of exposure and flooding was done in increments of one degree
areas. In order to flood an area, it had to be below the designated
sea level  and be adjacen t to a flooded or ocean area (i.e., no area was
fLooded tha t di :~ no t have an inlet to a rlooded area). It was assumed
that drying would occur uniformly: for this reason, the water level
in areas such as the Mediterran ean Sea continued to lover even after
the connection to the ocean h a d  been b l o c k e d.  No a t t em p t  was  made  to
a c c o un t  f o r  the  isostat ic  c ha ng e s  in  l a n d  e l e v a t i o n s  caused  by t h e
a c cu m . Jdtj o n  or m e l t i n g  of ice, a n d  no ~1istinction was made between
elevations of lan ] without ice and ele vations that are presently the

• r ~~u L t  of ice a c c u m u l a t i o n .
• A m o n g  othu i. p o ss i b l e  uses of t he .se d a t a , or of o t h e r  m or e  d c t a i l e d

ia~~~, n i q h t  be t h e  ~, t u d y  of v a r i o u s  w i n d  p a t t e r ns  r e s u lt i u q  f r o m  c h a n g e d
l~~n 1 elevations relative to Sea L~vel.  It  m i g h t .  al so  be a p p l i ed  to the
stu dy of potential ott—shore oil t i o l ds  a n d  c o u l d  be used to i anI:cite
t ~e ~~I:ccl s tha t h i v ”  t lo~~ied a~; the old .~l~it i er s  ~-e~~ted ; f o r  e x a m p l e ,
t I C  I L e . I S i f l  ~~~~, LC 1. t i 0 0 0 h T i( J  c o u l d  h a v c ~ Co v e r e c i  U [ P hj S t o [i C  l i v ) f l g  Si t o t .
a n i  ~ v i d e n c t ’  of i l i c i e r t  m i g r a t i o n s  a l o n g  t h e  c o n t i ne n t a l  c h e l v ~~s m i i h t
be o~ in tCrest t o a t ch a e  L”I ,is t5 m d  anthropolog i~~t.s.
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