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Introduction   

 The   oceans   on   the   globe   are   a   significant   source   of   water   on   the   Earth.   They   cover   about   

70%   of   the   surface   area   of   the   Earth   (Costello   et   al.,   2010)   and   hold   about   97%   of   the   Earth’s   

water   (Charette   and   Smith,   2010).   The   water   in   the   oceans   also   determine   the   sea   levels   of   coasts   

all   around   the   world.   Over   time,   measurements   of   global   sea   levels   have   become   more   accurate   

due   to   increased   availability   of   tide   gauges   around   the   globe   and   also   due   to   the   use   of   satellites   

to   measure   global   sea   levels   (Hay   et   al.,   2015;   Dangendorf   et   al.,   2015).   Sea   levels   all   around   the   

world   have   been   rising   since   the   start   of   the   20th   century   (Hay   et   al.,   2015).   Adaptation   and   

mitigation   strategies   will   become   necessary   in   order   to   reduce   the   effects   of   sea   level   rise.   The   

purpose   of   this   literature   review   is   to   examine   the   causes   of   sea   level   rise,   to   examine   the   effects   

that   rising   sea   levels   will   have   on   people   all   around   the   world,   and   to   examine   some   

mitigation/adaptation   strategies   to   sea   level   rise.   

Causes   of   Sea   Level   Rise   

Research   on   global   sea   levels   has   found   that   since   the   start   of   the   20 th    century,   the   global   

mean   sea   level   has   been   steadily   rising,   as   shown   in   the   following   figure:   
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Figure   1.   Global   mean   sea-level   rise   from   1900-2010.   Global   sea   levels   have   been   rising   since   
the   20th   century.   (Hay   et   al.,   2015).   

Not   only   have   global   sea   levels   been   rising   since   the   20th-century   but   also   that,   over   the   last   few   

years,   global   sea   levels   have   been   rising   at   an   accelerating   rate   (Dangendorf   et   al.,   2017;   Church   

&   White,   2011).   The   rise   in   sea   levels   in   recent   years   has   been   caused   by   climate   change.   

Climate   change   refers   to   the   changes   in   the   Earth’s   climate   system   that   are   occurring   as   a  

result   of   human   activities.   Human   activities,   particularly   the   burning   of   fossil   fuels,   has   resulted   

in   an   increase   of   greenhouse   gas   concentrations   in   the   atmosphere   which   causes   changes   to   the   

Earth’s   climate   (Pachauri   et   al.,   2014).   In   recent   time,   climate   change   has   resulted   in   increased   

global   surface   and   ocean   temperatures,   increased   melting   of   glaciers   and   ice   sheets,   and   a   

significant   rise   in   global   sea   levels   (Pachauri   et   al.,   2014).   Thermal   expansion   and   the   melting   of   

land-based   ice,   caused   by   climate   change,   are   the   main   causes   of   rising   sea   levels   and   are   jointly   

responsible   for   about   75%   of   the   observed   rise   in   global   mean   sea   levels   (Pachauri   et   al.,   2014).   

Researchers   agree   that   one   of   the   main   causes   of   rising   sea   levels   is   thermal   expansion   

caused   by   warming   of   the   oceans.   There   has   been   a   positive   trend   of   warming   in   the   upper   

depths   of   the   oceans   since   1995   (Levitus   et   al.,   2009).   This   warming   of   the   ocean   leads   to   

thermal   expansion.   Thermal   expansion   means   that   as   water   warms   up,   it   expands.   Thermal   

expansion   mainly   occurs   in   the   surface   layers   of   the   oceans   where   warming   of   the   oceans   is   the   

greatest   (Wigley   and   Raper,   1987).   Research   has   been   conducted   in   order   to   determine   how   

thermal   expansion   of   the   oceans   has   impacted   the   rate   of   global   sea   level   rise   (Levitus   et   al.,  

2009;   Ishii   and   Kimoto,   2009).   The   results   showed   that   from   1955   to   2001,   thermal   expansion   

caused   a   rate   of   sea   level   rise   of   0.3   millimeters   per   year   and   0.4   millimeters   per   year   for   the   Ishii   
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and   Kimoto   study   and   Levitus   et   al.   study,   respectively   (Cazenave   and   Llovel,   2010).   Therefore,   

thermal   expansion   certainly   is   a   main   cause   of   sea   level   rise   in   recent   years.   

Another   main   cause   of   global   sea   level   rise   that   researchers   have   determined   is   the   

melting   of   land-based   ice.   Land-based   ice   mainly   refers   to   glaciers   and   ice   sheets.   Research   on   

the   sudden   and   dramatic   melting   of   the   Jakobshavn   Isbræ   glacier   in   Greenland   determined   that   

the   Jakobshavn   Isbræ   glacier   experienced   a   sudden   increase   in   subsurface   water   temperatures   in   

1997   before   thinning   of   the   glacier   began   to   occur   (Holland   et   al.,   2008).   Therefore,   it   was   

concluded   that   warming   ocean   temperatures   caused   melting   of   the   Jakobshavn   Isbræ   glacier   and,   

subsequently,   melting   of   land-based   ice   (Holland   et   al.,   2008).   In   recent   years,   melting   of   the   

Antarctic   ice   sheet   has   experienced   an   increase   in   the   rate   of   ice   sheet   loss.   Research   examining   

the   loss   of   ice   mass   from   the   Antarctic   ice   sheet   in   recent   years   determined   that   the   Antarctic   ice   

sheet   has   experienced   an   increase   in   rate   of   ice   sheet   loss   from   1992   to   2006   (Rignot   et   al.,   

2008).   Research   by   Shepherd   and   Wingham   (2007)   also   agrees   with   the   findings   of   Holland   et   al.   

and   Rignot   et   al.   Shepherd   and   Wingham’s   analysis   of   the   mass   balance   data   of   the   Greenland   

and   Antarctic   ice   sheets   from   a   variety   of   studies   shows   that   the   rates   of   ice   melt   and   mass   loss   

had   increased   for   both   ice   sheets.   This   is   significant   because   if   all   of   the   ice   from   the   Antarctic   

and   Greenland   ice   sheets   were   to   melt,   sea   levels   could   rise   by   up   to   70   meters   (Shepherd   &   

Wingham,   2007).   Thus,   the   melting   of   land-based   ice   from   Greenland   and   Antarctica   is   a   

significant   cause   of   rising   sea   levels.   

Effects   of   Sea   Level   Rise   

If   sea   levels   continue   to   rise,   human   populations   and   coastal   communities   will   be   

impacted   all   around   the   world   in   several   ways.   190   million   people   currently   live   on   land   that   is   at   
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risk   of   being   below   sea   level   by   the   year   2100   (Kulp   &   Strauss,   2019).   However,   these   people   

will   be   impacted   differently   by   sea   level   rise   based   on   where   they   live   and   how   close   to   sea   level   

they   are   (Kulp   &   Strauss,   2019).   Most   of   the   coastal   populations   who   will   be   living   below   sea   

level   by   2100   are   in   Asia,   specifically   in   China   and   southeast   Asia   (Kulp   &   Strauss,   2019;   

Neumann   et   al.,   2015).   Additionally,   an   increase   in   global   sea   levels   will   also   result   in   an   

increase   in   coastal   flooding   (Kulp   &   Strauss,   2016).   Without   adaptation   to   sea   level   rise,   large   

numbers   of   people   around   the   world   will   be   inundated   by   sea   level   rise   and   coastal   flooding   

(Hinkel   et   al.,   2014;   Neumann   et   al.,   2015).   Sea   level   rise   could   also   result   in   large   losses   of   

annual   global   GDP   if   communities   and   governments   fail   to   address   or   adapt   to   sea   level   rise   

(Hallegatte   et   al.,   2013;   Darwin   et   al.,   2001).   The   researchers   found   that   the   United   States   will   

experience   large   economic   losses,   especially   in   the   cities   of   Miami,   New   York   City,   and   New   

Orleans,   by   2100   without   adaptation   to   sea   level   rise.   If   major   coastal   cities   fail   to   adapt   to   rising   

sea   levels,   economic   losses   of   more   than   1   trillion   US   dollars   a   year   could   occur   by   the   year   

2050   (Hallegatte   et   al.,   2013).   Overall,   research   from   several   scientists   and   researchers   shows   

that   rising   sea   levels   will   impact   large   numbers   of   people   and   will   have   a   large   economic   impact   

all   around   the   world.   

Adaptation/Mitigation   to   Rising   Sea   Levels   

Due   to   the   significant   impacts   that   rising   sea   levels   will   have   on   coastal   populations   and   

global   economies,   mitigation   and   adaptation   strategies   will   become   necessary   in   order   to   address   

these   impacts.   The   most   significant   mitigation   strategy   that   can   be   taken   is   the   reduction   of   

greenhouse   gas   emissions   into   the   atmosphere   (Pachauri   et   al.,   2014).   This   mitigation   strategy   

reduces   the   impacts   of   climate   change   and   sea   level   rise   which   makes   it   an   effective   and   
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important   strategy   to   consider   (Hinkel   et   al,   2014;   Pachauri   et   al.,   2014).   Adaptation   strategies   

such   as   the   construction   of   dikes   and   other   infrastructure-based   adaptation   will   have   to   be   

implemented   in   order   to   reduce   the   impacts   of   sea   level   rise   on   coastlines   and   economies   

(Hallegatte   et   al.,   2013;   Hinkel   et   al.,   2014).   By   2100,   the   global   costs   of   dikes   will   be   $12-71   

billion   which   is   significantly   less   than   the   damage   costs   from   rising   sea   levels   (Hinkel   et   al.,   

2014).   

Conclusion   

Thermal   expansion   of   the   oceans   and   melting   of   land-based   ice   in   Greenland   and   

Antarctica   are   the   main   causes   of   sea   level   rise   that   have   resulted   in   an   increase   in   global   sea   

levels   since   the   20th   century.   Based   on   sea   level   rise   projections,   global   population   data   and   

several   other   factors,   researchers   have   determined   that   rising   sea   levels   will   impact   coastal   

communities   and   economies   all   over   the   globe.   The   warming   of   the   ocean   in   recent   years   can   be   

attributed   to   global   warming   caused   by   increased   concentrations   of   greenhouse   gases   in   the   

atmosphere   from   human   activities   (Levitus   et   al.,   2001).   In   other   words,   global   warming/climate   

change   have   caused   warming   of   the   oceans   which   has   led   to   thermal   expansion   and   the   melting   

of   land-based   ice.   Therefore,   conducting   research   on   rising   sea   levels   and   its   potential   effects   

will   explain   more   about   climate   change   and   the   costs   of   failure   to   address   climate   change.   

Mitigation   and   adaptation   to   sea   level   rise   is   necessary   to   address   the   potential   impacts   of   sea   

level   rise.   
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