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Arctic and Indian Oceans, but decrease in the North and Equatorial 
Atlantic and in the Pacific. In addition to wind changes, the project-
ed loss of summer sea ice extent in the Arctic Ocean is very likely to 
increase overall wave activity there (Manson and Solomon, 2007; 
Overeem et al., 2011).

Model intercomparisons are starting to identify common features of 
global wave projections but in general there is low confidence in wave 
model projections because of uncertainties regarding future wind 
states, particularly storm geography, the limited number of model sim-
ulations used in the ensemble averages, and the different methodolo-
gies used to downscale climate model results to regional scales (Hemer 
et al., 2012a). Despite these uncertainties, it appears likely (medium 
confidence) that enhanced westerly surface winds in the SH (discussed 
in Chapter 12) will lead to enhanced wave generation in that region by 
the end of the 21st century.

A number of dynamical wave projection studies have been carried out 
with a regional focus. For the Mediterranean Sea, Lionello et al. (2008; 
2010) projected a widespread shift of the wave height distribution to 
lower values by the mid-21st century under an SRES A1B scenario, 
implying a decrease in mean and extreme wave heights. Caires et al. 
(2008) and Debernard and Røed (2008) reported a decrease (4 to 6% 
of present values) in the annual 99th percentile SWH south of Iceland 
by the end of the 21st century, and an increase (6 to 8%) along the 
North Sea east coast (SRES A2, B2, A1B scenarios). Grabemann and 
Weisse (2008) found increases (up to 18% of present values) in annual 
99th percentile SWH in the North Sea by the end of the 21st century, 
with an increase in the frequency of extreme wave events over large 
areas of the southern and eastern North Sea (SRES A2, B2 scenarios). 
Charles et al. (2012) projected a general decrease in wave heights in 
the Bay of Biscay by the end of the 21st century (SRES A2, A1B, B1 
scenarios), accompanied by clockwise rotations in winter swell (attrib-
uted to a projected northward shift in North Atlantic storm tracks) and 
summer sea and intermediate waves (attributed to a projected slack-
ening of westerly winds). Along the Portuguese coast, Andrade et al. 
(2007) found little projected change in SWH and a tendency for a more 
northerly wave direction than present (SRES A2 scenario).

In the Pacific, multi-model projections by Graham et al. (2013) (SRES 
A2 scenario) indicate a decrease in boreal winter upper-quantile SWHs 
over the mid-latitude North Pacific by the end of the 21st century asso-
ciated with a projected decrease in wind speeds along the southern 
flank of the main westerlies. There is a less robust tendency for higher 
extreme waves at higher latitudes. On the southeastern Australian 
coast, Hemer et al. (2012b) used multi-model projections (SRES A2 and 
B1 scenarios) to identify a decrease in mean SWH (<0.2 m) by the end 
of the 21st century compared to present due to a projected decrease 
in regional storm wave energy, and a shift to a more southerly wave 
direction, consistent with a projected southward shift of the subtropi-
cal ridge in the forcing fields.

13.8 Synthesis and Key Uncertainties

There has been significant progress in our understanding of sea level 
change since the AR4. Paleo data now provide high confidence that 
sea levels were substantially higher when GHG concentrations were 
higher or surface temperatures were warmer than pre-industrial. The 
combination of paleo sea level data and long tide gauge records 
confirms that the rate of rise has increased from low rates of change 
during the late Holocene (order tenths of mm yr–1) to rates of almost 
2 mm yr–1 averaged over the 20th century, with a likely continuing 
acceleration during the 20th century (Figure 13.27). Since 1993, the 
sum of observed contributions to sea level rise is in good agreement 
with the observed rise. 

Understanding of the components that contribute to total sea level 
rise has improved significantly. For the 20th century, the range from 
an ensemble of such process-based models encompasses the observed 
rise when allowances are made for lack of inclusion of volcanic forcing 
in AOGCM control simulations, natural climate variability, and a pos-
sible small long-term ice-sheet contribution. Ice-sheet contributions to 
the 20th century sea level rise were small, however, and this agreement 
is thus not an evaluation of ice-sheet models. Nevertheless, there has 
been significant improvement in accounting for important physical 
processes in ice-sheet models, particularly of the dynamical response 
of individual glacier systems to warmer ocean waters in the immediate 
vicinity of the outlet glaciers. Although there are as yet no complete 
simulations of regional ocean temperature changes near ice sheets 
and of the ice-sheet response to realistic climate change forcing, the 
publications to date have allowed an assessment of the likely range of 
sea level rise for the 21st century (Figure 13.27). 

Figure 13.27 |  Compilation of paleo sea level data, tide gauge data, altimeter 
data (from Figure 13.3), and central estimates and likely ranges for projections of global 
mean sea level rise for RCP2.6 (blue) and RCP8.5 (red) scenarios (Section 13.5.1), all 
relative to pre-industrial values.

A	  1,000	  year	  high-‐resolu5on	  hurricane	  history	  for	  the	  Boston	  
area	  based	  on	  the	  varved	  sedimentary	  record	  from	  the	  Lower	  

Mys5c	  Lake	  (Medford/Arlington,	  MA).	  
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Possible	  control	  on	  trajectories...	  
•  fluctua5ons	  in	  jet	  stream	  and	  loca5on	  of	  
Bermuda	  High	  may	  funnel	  hurricanes	  into	  
Gulf,	  else	  up	  eastern	  seaboard	  of	  U.S.	  
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Mys5c	  meromixis	  is	  ectogenic...	  
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Anoxia	  results	  from	  meromixis...	  

left is up/top 

graded bed 
w/ detritus 

Exquisite	  laminae	  the	  result...	  

Boston	  RSL	  since	  deglacia5on	  
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Oldale	  et	  al.	  
(1993)	  

Boston	  RSL	  last	  2000	  years	  
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Original	  hypothesis...	  

occasional, 
anomalous, 
graded beds 
related to 
hurricane 
storm surge 

Impregnated	  sediment	  blocks	  
Example	  thin	  sec5on...	  

plane-polarized light cross-polarized light 

left is up/top graded bed 
w/ detritus 



4/17/17	  

6	  

Ex
am

pl
e	  
X-‐
ra
y	  
th
in
	  sl
ab
s	   Biogenic-‐siliciclas5c	  couplets...	  



4/17/17	  

7	  

Internal	  evidence-‐-‐annual	  sed	  cycle	  

Annual	  Cyclotella	  blooms	   Hand	  mapping	  of	  Cyclotella	  
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External	  evidence-‐-‐C-‐14	  da5ng	   External	  evidence-‐-‐
Cs-‐137	  and	  Pb-‐210	  

da5ng	  

External	  evidence-‐-‐yellow	  bands	  
reflect	  low	  precip	  and	  drought	  

layers	  

Monthly	  Boston	  total	  precipita5on	  
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External	  evidence-‐-‐varve	  thickness	  
change	  following	  dam	  construc5on	  


