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•  Main circulation variability pattern in the 
Northern Hemisphere winter 

•  NAM and NAO closely related 
 
•  NAO+ (large gradient) 

ü  Enhanced storm intensity in the Atlantic 
ü  Warm and moist air to North Eurasia 

•  NAO- (small gradient) 
ü  Less and weaker storms 
ü  Dry and cold in North Eurasia 

Northern Annular Mode (NAM)/ 
North Atlantic Oscillation (NAO) 

NAO+ 

NAO- 



NAO-  winter 2009/2010 

Great Britain in January 2010 

Barcelona in March 2010 

- Almost consistently negative NAO during the whole 
winter 
- Note: Geomagnetic activity minimum year winter 

NAO-  winter 2009/2010 
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Daily NAO (500hPa) during winter 2009/2010

Great Britain in January 2010 

Barcelona in March 2010 

- Almost consistently negative NAO during the whole 
winter 
- Note: Geomagnetic activity minimum year winter 



NAO for winter temperatures (1980-2010) 

    Correlation                                        Range of temperature 

cc=0.45	   ∆T=5.0°C	  



NAM for slp and temp; 4 winter defns 

Surface	  temperature	  

Sea-‐level	  pressure	  First EOF of sea-level 
pressure (SLP) and 
surface air temperature 
(SAT) during 1900-2012 

Four different winter 
definitions used: Dec/Jan, 
Jan/Feb, Feb/Mar, Mar/
Apr 



•  A low pressure region forms in the 
stratosphere during the polar winter 

 
•  Westerly wind pattern forms around the 

polar low pressure region => polar vortex 

•  Polar vortex isolates air efficiently 
è Ozone destroying chemicals have a long 
lifetime inside the polar vortex in the 
absence of sunlight 

•  Polar vortex is connected to the jet stream 
in the troposphere and the NAO/NAM on 
the surface 

Polar vortex 

 => Factors affecting the polar vortex also affect the NAO/NAM 
	  



Quasi-biennial oscillation (QBO) 

Baldwin et al. (2001), Rev. Geophys 

•  Roughly 28-month oscillation in equatorial stratospheric zonal wind 

•  Holton-Tan relation: Westerly (easterly) QBO correlates with an 
enhanced (reduced) strength of the polar vortex 

•  We use the reconstruction of QBO at 30hPa and 50 hPa since 1900 



30-100 keV electrons precipitate 
down to mesosphere (ca. 50-80 km)  

Solar wind and energetic electron precipitation (EEP) 

EEP	  

Solar	  wind	  speed	  

High-speed streams (HSS) are the dominant driver of magnetospheric 
energetic particles (both electrons and ions) 

Solar wind speed and EEP reach their 
maximum typically in the declining 
phase of the solar cycle 

Maliniemi	  et	  al.,	  JGR,	  2013	  



Winter temperatures and EEP (1980-2010) 

	  	  	  	  	  	  	  	  CorrelaFon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Range	  of	  	  temperature	  
4.3 ± 2.9˚C 
cc=0.44 and   
p-value 0.045 

4.5 ± 2.3˚C 
cc=-0.55 and   
p-value 0.014 

Correlation of temperature anomalies with EEP produces the NAO/NAM pattern  
 
=> NAO has a closely similar solar cycle variation as EEP or solar wind speed  
(and geomagnetic activity for recent decades) 

Maliniemi	  et	  al.,	  JGR,	  2013	  



Dependence on QBO phase 

Here winters are divided into easterly and westerly QBO phases 

EEP affects temperatures most clearly during the easterly QBO phase 

Maliniemi	  et	  al.,	  JGR,	  2013	  



Contribution = 
(fraction of stream 
type) x (average flux 
during stream) 
 
HSS contribution is 
overall larger and 
typically peaks in 
the later declining 
phase. 

CME contribution 
overall smaller and but 
dominates around 
solar maxima. 
 

Contributions of HSS and CME to EEP 



Long-term correlation between NAO and GA 

Geomagnetic activity (aa index) 
correlates positively with winter NAO 
since 1960s 

However, there is a negative 
correlation in the beginning of the 
20th century  
 
Does this deteriorate the connection 
between NAO and EEP ? 
 
Note: The distribution of 
geomagnetic activity over the solar 
cycle, as well as the relative fraction 
of HSS and CME is expected to be 
different in early century. 
 

Thejll	  et	  al.	  (2003),	  GRL	  

Li	  et	  al.	  (2011),	  JGR	  



Yearly mean solar wind 
speeds since 1914, as 
obtained from geomagnetic 
activity at polar (GDH) and 
high-latitude (SOD) stations. 

 
HSS periods in the 
declining phase of all 
cycles ! 
 
Highest SW speeds were 
found during solar cycle 
18, just before the 
highest sunspot cycle 19. 
This proves the validity 
of the solar dynamo  (W-
effect), for the first time 
for this most dramatic 
period of solar activity. 

HSS periods for the last century 
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Mursula	  et	  al.	  ApJ,	  2015	  



We study winter NAO 1880-2009 

No direct EEP observations è  
We separate NAO to different phases of 
the sunspot cycle 

Four separate phases with a 60° wide 
window in the phase function 
(ascending phase centered at 90°, 
maximum at 180°, declining at 270° and 
minimum at 360°/0°). 

In total: 
–  Ascending phase: 18 winters 
–  Maximum phase: 21 winters 
–  Declining phase: 28  winters 
–  Minimum phase: 23 winters 

Solar cycle phases 

Maliniemi	  et	  al.,	  JGR,	  2014	  



Winter temperature anomalies during 
the four solar cycle phases (1880-2009) 

1.0˚C, 
p=0.01 

-1.7˚C,    
p<0.01 

-1.2˚C,    
p=0.02 

Field signifigance test 
yields a statistically 
significant result 
(92%) only in the 
declining phase (less 
than 70% in other 
phases)  

Temperature 
pattern in the 
declining phase 
greatly resembles 
the temperature 
pattern during 
positive NAO 

Maliniemi	  et	  al.,	  JGR,	  2014	  



NAO and temperature anomalies (1880-2009) 

Temperature pattern in the declining phase (left) greatly resembles  
positive NAO (right) temperature pattern 



NAO during the four solar cycle phases (1880-2009) 

Only the declining phase systematically produces a positive NAO 
 
Wintertime NAO is significantly different (positive at 95% CL) from the 
long term mean only in the declining phase.  

Maliniemi	  et	  al.,	  JGR,	  2014	  



This relation is also true 
during weak sunspot 
cycles 12-15  

•  This is interesting 
even for solar physics 
(structure of early 
corona)  

 
 
 
 
Field significance 93% in 
the declining phase 
(less than 70% in other 
phases) 

Temperature anomalies during weak cycles  
12-15 (1880-1925) 

Maliniemi	  et	  al.,	  JGR,	  2014	  



One possible mechanism for the connection 
between NAO and geomagnetic activity:  
 
•  Particle precipitation into MLT region 

è Enhancement of NOx and Hox 
è Descent to stratosphere 
èOzone destruction  

 è radiative cooling of stratosphere 
 è Increased meridional gradients&circulation  
 è positive NAO and stronger polar vortex 
 è Faster descent of NOx  

    è More ozone destruction (FEEDBACK LOOP) 
 
This mechanism is expected to work most effectively at 
the boundary of the polar cap (which roughly coincides 
with polar vortex and auroral oval) 

One possible mechanism  

Seppälä	  et	  al.	  (2009),	  JGR	  



Notes 

 
Preference of the positive NAO phase in the declining phase has also 
been explained in terms of a EUV signal, which is delayed due to ocean 
heat storage dynamics.  
The question which of the two possible mechanisms (EEP, EUV) is 
dominating the observed signal will be solved later. 
 
There are mechanisms related to other solar wind –related factors (in 
particular IMF and global electric circuit) that also have been suggested to 
cause atmospheric/climatic effects. 
 
Although the correlation between NAO and geomagnetic activity fails or 
changes in the early 20th century, the EEP-NAO connection is not 
jeopardized. 
 



Northern Hemisphere winter surface temperatures and NAO variability are 
positively correlated with energetic electron fluxes during last 35 years. 
 
Connection is strongly dependent on the QBO phase, being present mainly 
during easterly QBO. 
 
For the last 130 years (12 solar cycles) the temperature pattern during the 
declining phase closely resembles the positive NAO pattern.  
 
These results indicate that the high solar wind speed-related energetic particle 
precipitation has a significant effect on tropospheric winter climate in the 
Northern Hemisphere. 

This also offers a potential to improving a long lead time weather forecasting. 
 
Several detailed mechanisms are still possible.  

Summary 
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