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Climate variability and climate change in the past centuries
Climate projections for 21. century

North Atlantic marine ecosystems response to climate variability
and its cascading effects on fisheries

Climate effects on aquaculture
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The North Atlantic Oscillation (NAQO) Index:

The difference of the normalized sea level pressure between the
Azores/Lisbon/Gibraltar and Iceland.

£ Russian rivers
Russian rivers to Eurasian
farther east . ” basin. +CHL
O

Hurrell and Dickson (2004) In: Marine ecosystems and Climate Variations (Stenseth et a/. eds.)
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Den Atlantiske Multidekadiske Oscillasjonen (AMO) 1873-2000
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Latitude
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North Atlantic SST Anomaly
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Warming was concentrated In the
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Sea Surface Temperature Change (1930-60 vs 1961-90)
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Conclusion

ANatural climate periods influencing marine ecosystems
occur from interannual to centennial time scales

A Decadal-scale and multidecadal scale periods are
particularly dominant in the northern North Atlantic

A The recent warming of the northern hemisphere since
1960s has uncorrectly been ascribed human-induced global
warming



Climate variability and climate change in the past centuries
Climate projections for 21. century

North Atlantic marine ecosystems response to climate variability
and its cascading effects on fisheries

Climate effects on aquaculture



Bjerknes Centre

for Climate Research

The Biggest Global Experiment - Ever !

360

Atmospheric CO,
Concentration (ppm)

> R &

o o o

W w
=N
© o

b) \
1 Human perturbation

¢ 1960

1 1
1970 § 1980

|
1990 = 2000

— 1 _ _ _ _ —
| T T | | | T | I
-450 -400 -350 -300 -250 -2000 -150 -100 -50 0

Thousands of years

400

350

300

250

200

150

atmospheric CO, (ppmV)



08— GI:)be —
Temperatur - o4 i
utviklingen =T Al -

siden 1850

Difference ("C) from 1961-90

00 : i
“l wmu i ;|;| .l\
=02 p= w JJ lll , l 1 m -_:
(IPCC 2007) o

~06— L S R -
-o'e_ ' A ' 1 s s ' 'S =

1850 1830 1500 1920 1940 1960 1380 2000
ols_ L] L ol
Northern Hemisphere el
S o6 —
o il
04~ -
§ 3 (| .
02— =)

E 00

Sy =
8 -0af- -
§ -06 = -
'a: 08— -
0= 1 A 1 A 1 1 A 1 A L M 1 A 1 =

1850 1830 1500 1920 1940 1960 1980 2000
06— Al L) Al A L L Al Al =0
| Southern Hemisphere . d
04— 41—

d 1l

=
A
“

e
. } " " “I L” Il |" | '-J ¥ '
II “‘_1 12"3 o ! ‘A;

LU
LAY

Difference ("C) from 1961-90
2
g pogilag gy

s
™
I'I'I'I'I'

A A ' A A A A A
1850 1E30 1900 1920 1950 1960 1980 2000



Global surface warming (°C)
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ICE EXTENT

a) 1980-2000 average b) 2080-2100 average
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Predicted increase of sea temperature in the northeastern North
Atlantic is 1,07 2,0 °C over the next 70 years
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Conclusion

A Human-induced global warming during 20. century has
been small compared to the projected changes during 21.
century

A If the natural multidecdal climate signal continues as
during the 20.century we might experience a considerable
reduction in the warming of the northern hemisphere, or
even a moderate cooling over the coming 20 years
followed by a very large warming towards the mid 21.
century

A Natural climate variability will be small compared to the
human-induced climate signal in the second half of 21.
century
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Calanus finmarchicus T a key player in marine
ecosystem of the northern North Atlantic




Calanus finmarchicus o

:!‘\l ‘--.‘\ ,
MASASASSSS \ 6t he potat
- s fishes in the northern

North Atlantic.
Eaten by:

Kopepoder

Pelagic juveniles

Pseudocalanus v‘
. S '
= | &

Microcalanus ’ T T T T ==
0 1 2 3 4 5 %
} - mm
Oithona .

% M
. Fish larvae
A



TEMPERATURE

The mechanistic link
between temperature
and Barents and North
Sea cod recruitment:
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Temperature is a proxy for the
advection of copepods




Biomass of Calanus finmarchicus and the
most important fish stocks in the Nordic

B Norwegian spring-
spawning herring
B Atlantic mackerel

O Blue whiting

O Saithe

B Haddock

O Calanus finmarchicus
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The North Sea
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The cod spread northwards during the warm period of
the 1920s and 1930s
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Vedel Taning (1953) Long Term Changes in Hydrography and Fluctuations in Fish Stocks

Fig. 1. Rough sketch of distribution of cod in the

North Atlantic. Double hatching indicates

areas where density of cod approximately
has increased in recent time.



Spawning stock biomass (SSB) of Norwegian spring-spawning herring
and the longterm-averaged temperature (the AMO signal)
(Toresen og Dstvedt 2000)

16 - - 4,3
—~ _
g 12 - Long-term averaged A F 4.1
= temperature _
= 8 - Stock collapse - 3,9 OU
£ caused by ! =
(g/g) 4 - overfi?hingl_under L 37
A a cooling climate _
0] — 1 !

Vi35
1900 1920 1940 1960 1980 \ 2000

Start of the new herring period
after 17 years of fishing
moratorium and the formation of
the outstanding 1983 year class

Year



ge

70

5° 10° ) ) |§°

20°

innmark  Gytefelter for
skrei langs
——— Norskekysten
MOSKENE ,
GRUNNEN oS S
;}::3-'::’:""
R@sr@p . : Lofoten
CT!‘TT” S
200 5
180 A
160 A
< + 45
2 140 - l
E 120 A
B 100 T 1 4
o
=0 -
Mar = - | ae
20 A ‘
BRE 0 ! ! J T T T T T T T 3
MANGER" 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
. Year Spawning in
] som&% j East Finnmark

since 2004



GZ°N

NORSK-ARKTISK TORSK (Gadus morhua) . S
_ o o
% o
VIR
80°N & ‘Qgﬁ Ci}ﬁ qi)

Overvintringsomrade

(4 ar og eldre)

Nad r—i Beiteomrade

(4 ar og eldre)

§ Oppvekstomrade
(1-3 ar)

Gyteomrader

78°N =

Langperiodiske
klimavariasjoner
skaper forflytninger |
gyteomradene for
skrei

_). g
— Gytevandring

74°N

72°N

70°N

68°N

66°N

64°N

Sundby and Nakken (2007)

62°N




Temperature [°C]

B~
&y
\

o

Havklimaet i Barentshavet

o1
\

L’ A h\ﬂl‘h “’\\ '
i V U Vw‘vk i

ol N
<
P
=
<‘
_—
N
-
=\
— \
7
<-
v‘
/ﬂ
———
—— \
B
= \
o
~
O

3,

25 \ \ \ \ \ \ \ \ \ \
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000



Warm-temperate species

Subarctic species

Arctic species
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All zooplankton species in the
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the increasing temperature
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The change in species
composition between
C. finmarchicus and

C. helgolandicus in the
northern North Sea
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Fig. 10-c. Predicting curve of Eggs Production Rate for C. finmarchicus (red, in
eggs.female-1.day-1) and abundance of C. finmarchicus in the North Atlantic
Ocean. A fitting curve is superimposed (green).

SAHFOS (2007)



Temperature

Climate effects on marine ecosystems vary with the periodicity
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Conclusions

There are large variability in trophic transfer rates from the
primary producers to fish in the various marine ecosystems
and at various time periods

AThis is because of different trophic structures among
marine ecosystems and because of the influence of climate
variability

AThere are strong couplings between zooplankton,
particularly copepods, production and fish production

AHence, assessment of zooplankton should be an integral
part of ecosystem-based fisheries assessment

AThe long-term climate periodicity is strongly influencing the
abundances of the key zooplankton
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