
Global mean temperature predic1ons 

 Ensembles of four predic1ons of global mean temperature resul1ng from 
‘business as usual’ changes in greenhouse gases following on from 
observed changes since 1860 (orange curves). The addi1on of sulphate 
aerosol cooling is shown in the red curves. 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Global mean precipita1on predic1ons 

 Ensembles of four predic1ons of precipita1on (rainfall and snowfall) resul1ng from 
‘business as usual’ changes in greenhouse gases following on from observed 
changes since 1860 (blue curves). The addi1on of sulphate aerosol cooling is shown 
in the green curves. 

Hadley Centre for Climate Predic1on and Research 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Change in annual temperatures for the 2050s 

 The change in annual temperatures for the 2050s compared with the present day, when the 
climate model is driven with an increase in greenhouse gas concentra1ons equivalent to 
about a 1% increase per year in CO2. The picture shows the average of four model runs with 
different star1ng condi1ons.  

Hadley Centre for 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Predic1on and Research 



Observed change in annual precipita1on for the 2050s 

 The change in annual precipita1on for the 2050s compared with the 
present day, when the climate model is driven with an increase in 
greenhouse gas concentra1ons equivalent to about a 1% increase per 
year in CO2. The picture shows the average of four model runs with 
different star1ng condi1ons. 

Hadley Centre for 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and 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Popula1on under extreme water stress 

 Change, due to climate change, in the number of people living in countries 
with extreme water stress. 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Zooxanthellae are 
damaged and 
leave corals  

Correlated with elevated 
sea temperatures. 



Es1mated loss of living 
coral colonies from reefs 

in 1997‐98: 
16% world wide. 48% 

1998 



Mass coral bleaching caused by thermal stress 
•  95% correla1on with increases in sea 

temperature (1‐2oC above long‐term 
summer sea temperature maxima) and 
bleaching. 

•  Backed up experimentally  
•  Basis for a highly predic1ve SST program 

at NOAA (HotSpots): 

1998 

2002 

Strong, Hayes, Goreau, Causey and others 



Threshold temperature – 
above which bleaching 
manifests itself (1‐2oC 
above the long‐term 
summer maximum 
temperatures 

WHAT DOES THE 
FUTURE HOLD? 

Hoegh‐Guldberg (1999) 



Bleaching 

Mass death 

Not yet  
experienced 



Pre‐industrial 
pCO2 – 280 ppm 

2060‐69;  
pCO2 – 517 ppm 



Extremely marginal sat 

Thermal stress 

Marginal sat 

No stress or land 

Thermal stress & Extremely marginal sat 



From Sabine et al. 2002: 

JGOFS/WOCE survey data. Pacific meridional 
sec1on. 

Fossil fuel signal has penetrated to >1000m. 
Surface values reach 50µmol/kg (2.2 mg/kg). 
The inventory is 44.5±5 Pg C in 1994. 

We have disposed of ~ 163 billion tons of CO2 
in Pacific Ocean waters.  

The ocean now has taken up ~400 GT 
of fossil fuel CO2. 

Global surface ocean CO2 disposal is now 
about 20‐25 million tons per day. 

Ocean CO2 “Disposal” Today 

14C 

Fossil Fuel CO2 

pCFC‐12 



Some facts about ocean acidification 

•  Increasing pCO2 in seawater causes the formation of carbonic acid (H2CO3), 
which causes acidification. 

•  H2CO3 + CO3
2– + H2O ⇔ HCO3

–  (decrease in [CO3
2–]) and the ocean’s 

saturation state with respect to calcite (Ω-cal), the form of calcium carbonate 
(CaCO3) produced by coccolithophores. 

Ω-cal = f{[CO3
2–], [Ca+2]} 

•  Elevated pCO2 causes an increase in [CO2], the source of carbon for 

photosynthesis, and also in [HCO3
–], the source of carbon for calcification (?) 

in coccolithophores: 

 Ca2+ + 2HCO3
– → CaCO3 + CO2 + H2O 

•  Consequently, a decrease in marine calcification without a concomitant 
decrease in organic carbon export would lead to an increased drawdown of 
atmospheric CO2. 



CO2 

CO2‐aq 
Photosynthesis & 
Respira1on  H2CO3 

HCO3‐ + H+ 

Carbonic acid 

CO3(2‐) + H+ 

k1 

k2 

CaCO3 

Ca2+ 

calcifica1on 

bicarbonate 

carbonate 

CaCO3 + CO2 + H2O             Ca2+ + 2HCO3‐  
dissolu1on 

Fxn of total alkalinity 
and total DIC  

Ω-cal=[Ca2+][CO32-]/Ksp’ 







Ocean acidification 

What do we know about the response of calcifyers to 
ocean acidification? 



Effect of reduced aragonite satura1on state (Ωa)  
on the calcifica1on rate of the coral assemblage in  

August 1999 and in January 2000 before  
the nutrient enrichment. 

Langdon and Atkinson 2005 



It comes up to the shore here from the great fish pond which is the 
Icelandic Sea, towards the winter when the great part of other fish have 
left the land.  And the herring does not seek the shore along the whole, 
but at special points which God in his Good Grace has found fitting, and 
here in my days there have been two large and wonderful herring fisheries 
at different places in Norway.  The first was between Stavanger and 
Bergen and much further north, and this fishery did begin to diminish and 
fall away in  the year 1560.  And I do not believe there is any man to know 
how far the herring travelled.  For the Norwegian Books of Law show that 
the herring fishery in most of the northern part of Norway has continued 
for many hundreds of years, although it may well be that in punishment for 
the unthankfulness of men it has moved from place to place, or has been 
taken away for a long period. 

    Clergyman Peder Claussøn Friis  
  (1545-1614) 



Northward extension of cod stock 
from 1920 to late 1930’s.  

Published in 1939 



from Vilhjalmsson 1997 



from Vilhjalmsson 1997 



from Vilhjalmsson 1997 



Jean-Claude Quero Ital.J.Zool.,65 Suppl.:493-499 (1998) 



•  Both climate and fishing affect populations 

•  The level of fishing is excessive on most 
stocks 

•  Populations increase when climate (and 
other conditions) are favourable 

•  (distribution and abundance are linked) 





Ratio of catch of warm/cold species 







Bottom trawl surveys, Pavlov Bay, AK 
(from Botsford et al. 1997) 
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(from Anderson and Piatt, 1999) 

Climate shifts perturb fisheries and 
have socio-economic impacts. 



Fine-ing 

Catch per 
unit effort 

(CPUE) 



Fine-ing 

Spatial patterns of relative predator biomass in 1952 (a), 1958 (b), 1964 (c) 
and 1980 (d). Color codes depict the number of fish caught per 100 hooks 
on pelagic longlines set by the Japanese fleet.  



Fine-ing 

Compensation in exploited fish 
communities. a, Oceanic billfish 
community in the tropical 
Atlantic, showing the catch per 
100 hooks (c.p.h.h.) of blue 
marlin (Makaira nigricans; solid 
circles, solid line), sailfish 
(Istiophorus platypterus; open 
triangles, dashed line) and 
swordfish (Xiphias gladius; open 
circles, dotted line). b, Demersal 
fish community on the Southern 
Grand Banks, showing the 
biomass of codfishes (Gadidae; 
solid circles, solid line) and 
flatfishes (Pleuronectidae; open 
circles, dotted line).  



Fine - ing   

•  We take the best tasting, most profitable fish first… 

•  Worldwide depletion of predatory fish 

–  10% of pre-”industrial” carrying capacity 

–  What was the baseline??? 

•  Removing the top-level predators alters the structure of 

the marine food web 



Fishing down the food chain   

•  Fishing occurs further down the food chain 

•  Long-lived, high trophic, piscivorous bottom 
fish shift to short-lived, low trophic level 
invertebrates and planktivorous pelagic fish 

•  Leads at first to increased yields but 
appears to be unsustainable 

•  Most pronounced in Northern Hemisphere 

•  Pauly et al [1998] - Science 
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Fishing down the food chain 

North Pacific NW & Central Atlantic 

NE Atlantic 
Mediterranean Sea 



Fishing down the food chain 

South Pacific 

Antarctica 
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