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Bjerknes (1904) 
 

1. diagnosis 
2. prognosis 
 

(3. reanalyses) 
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An early vision of a predictable climate 

1.  importance of “Gulf Stream” 
2.  importance of observations 
3.  practical benefit 
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The “Gulf Stream” and the westerly winds 

Årthun et al. 2017: 
Skillful prediction of 
northern climate 
provided by the ocean. 
Nature Comm. 
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The “Gulf Stream” and the westerly winds 

NAO + mean temperate ocean  =>  diagnostic 
 
“Gulf Stream” + mean westerlies  =>  prognostic? 
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Observed SST propagation (HadISST) 

1 

3 

5 

7 

Propagating thermohaline anomalies, 
e.g., Sutton and Allen 1997, Holliday et al. 
2008, Årthun and Eldevik 2016, +++ 
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Observed SST propagation (HadISST) 

2 St: interannual co-variance – no low-pass 

lag -1yr                  no lag                  lag +1yr 
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Observed SST propagation (HadISST) 
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Observed SST propagation (HadISST) 
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Observed SST propagation (HadISST) 
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Observed SST propagation (HadISST) 

7 St: interannual co-variance – no low-pass 
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Observed SST propagation (HadISST) 

8 St: interannual co-variance – no low-pass 

lag -1yr                  no lag                  lag +1yr 
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H. R. Langehaug, A. B. Sandø, M. Årthun, and M. Ilicak 

Thermohaline variability along the 
Atlantic water pathway 

in the forced Norwegian Earth System Model 

In review in Climate Dynamics  

Helene’s talk 
Wed 17:20 
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How to get predictability beyond the ocean? 

Norwegian Sea heat (SST) is reflected in 
 

+ Arctic winter sea ice cover (30% @3yr) – see also Yeager et al. (2016, GRL) 
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How to get predictability beyond the ocean? 

Norwegian Sea heat (SST) is reflected in 
 

+ Arctic winter sea ice cover (30% @3yr) – see also Yeager et al. (2016, GRL) 
+ Norwegian SAT (49%) and precipitation (21%) over land 
+ practically independent from NAO (5%) 
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Spatial manifestation over land 
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SST@no lag 

HadSST / HadSLP2r / CRU TS3.23 

SST, 
less NAO 
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SST@no lag 

HadSST / HadSLP2r / CRU TS3.23 

SST, 
less NAO 

SP NAtl 
SST@7 yr 3 
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SST SAT 

14yr 
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14-yr timescale è ocean advection 

8-yr timescale è NAO 
E.g., Moron et al. 1998; Häkkinen 2000; Marshall et 

al. 2001; Reintges et al. 2016.  
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Marius’ poster 
T3-30 
Wed afternoon 
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Surface Air Temperature - Norway 

•  Sign of prediction correct 67% of the time 

•  More skilful than random chance and climatology predictions 

“generic” CPC 
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Surface Air Temperature - Norway 

•  Sign of prediction correct 67% of the time 

•  More skilful than random chance and climatology predictions 

•  Temperatures above long-term average toward 2020  

“generic” CPC 
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Basic prediction 2017–2020 
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Norway 
SAT 
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Norway 
precip 

CET 

Arctic 
sea ice 

anomalies wrt 1981–2010 climatology  
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(– The ice edge has moved itself ) 
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Observed Barents Sea ice predictability 

r2 = 50% 
 

sign: 17/19 

Obs-based 1-yr prediction 

Onarheim et al. 2015: 
Skillful prediction of 
Barents Sea ice cover. 
GRL 

  *  *  * 

* actual prediction 



Sea ice variability 1850-2013 

Onarheim et al., J. Clim., in revision 



Sea ice variability 1850-2013 

See also Walsh et al., 2016 

Gridded monthly sea ice extent 
and concentration, 1850 onwards, 
version 1, NSIDC 
0.25° x 0.25° resolution  



Sea ice variability 1850-2013 

See also Walsh et al., 2016 



Sea ice extent anomaly, 1850-2013 

Blue: Northern Hemisphere 
September 
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Sea ice extent anomaly, 1850-2013 

Blue: Northern Hemisphere 
Red: Beaufort, Chukchi, East 
Siberian, Laptev, and Kara seas 
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Sea ice extent anomaly, 1850-2013 

Blue: Northern Hemisphere 
Red: Beaufort, Chukchi, East 
Siberian, Laptev, and Kara seas 

Blue: Northern Hemisphere 
Red: Greenland Sea, 
Barents Sea, and Baffin Bay 

September 

March 

Onarheim et al., J. Clim., in revision 
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I summer 
II transition 

III winter 

Onarheim et al., J. Clim., in revision 
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Space-for-time? 

I 

II 

III 

mode # 

1950–1999 mean to 
2000–2013 mean state 

Onarheim et al., J. Clim., in revision 
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Future Barents Sea: Onarheim and Årthun, GRL, 2017 
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An early vision of a predictable climate 

1.  importance of “Gulf Stream” 
2.  importance of observations 
3.  practical benefit 



Fish	  stock	  variability	  
reflects	  water	  mass	  
distribu6on.	  	  
	  
Upper:	  Distribu)n	  of	  
Atlan)c	  water	  (red)	  and	  
Arc)c	  water	  (blue)	  
	  
Lower:	  Fish	  communi6es.	  
Atlan)c	  (red),	  Arc)c	  (blue)	  
and	  Central	  (yellow).	  	  
	  
Fossheim	  et	  al.	  (2015).	  	  

Hydrography	  and	  Barents	  Sea	  fish	  stock	  	  
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Predic6on	  of	  cod	  stock	  biomass	  based	  on	  upstream	  hydrography	  
7-‐year	  predic6on	  horizon	  

Årthun et al., in prep 
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Northern climate change: 2 stories of 3 modes 
!  ocean–land climate predictability  

 I. NAO, no lag, no predictability 
 NAO predictable? E.g., Dunstone et al. 2016 

 

 II. variable ocean, mean wind; 14-yr cycle 
 5–10yr predictive potential E.g., Årthun et al. 2017 

 

 III. truly coupled, the ultimate challenge  
 E.g., Frankignoul and Hasselmann 1977   

 
!  the retreating Arctic Sea ice 

 I. summer, II. transition, III. winter modes 
 space-for-time? Cf. ”Atlantification” 
 E.g., Reigstad et al. 2002; Årthun et al. 2012; Polyakov et al. 2017  

 


