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Weak Vortex Event

Strong Vortex Event



Weak Vortex Regimes
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Observed Average Surface Pressure Anomalies (hPa)



Baldwin and Dunkerton, 2001

60 days following 
sudden warmings



Weather Extremes Related to 
Stratospheric Variability

• Severe cold weather at high latitudes is more common 
during weak vortex events.

• Severe cold events are more common when the QBO is 
easterly.

• Winter weather extremes (low temperatures, snow, etc.) are 
much more common during -NAM.

• Atlantic blocking occurs almost exclusively during -NAM.

• Strong winds and ocean wave events are much more 
common during +NAM.



Tropospheric changes
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westerly phases of the QBO, respectively (Fig. 1).
The predictability that derives from the ENSO phe-

nomenon is assessed by repeating the analysis that was
performed for the QBO, but for composites based on

warm versus cold years of the ENSO cycle, as defined
by the eight warmest and eight coldest JFM-mean sea
surface temperature (SST) anomalies in the equatorial
Pacific “cold tongue region” (6°S-6°N, 180°W-90°W).

TABLE 2. Frequency of occurrence of extreme cold events (days in which daily minimum temperature drops below 1.5 standard devia-
tions below the JFM mean) during the 60-day interval (days +1-60) following the onset of weak and strong vortex conditions at 10-hPa
and between Januarys when the QBO is easterly and westerly. The samples are indicated in Fig. 1. Individual results not exceeding the
95% confidence level are italicized.

-1.5 std. temperature threshold Total Weak vortex:
days +1-60

Strong vortex:
days +1-60

QBO:
easterly

QBO:
westerly

< -17° C in Juneau, Ak. 334 104 66 96 61

< -18° C in Chicago, Il. 411 149 67 115 81

< -6° C in Atlanta, Ga. 416 149 73 90 56

< -10° C in Washington, D. C. 392 153 77 96 66

< -9° C New York, NY. 403 164 99 89 69

< 1° C in London, UK 442 157 77 85 29

< -3° C in Paris, Fr. 446 148 68 98 48

<-9° C in Stockholm, Sw. 348 154 54 56 23

<-9° C in Berlin, Ger. 450 142 77 107 60

< -22° C in St. Petersburg, Ru. 381 137 46 74 46

< -20° C in Moscow, Ru. 472 152 80 90 84

< -29° C in Novosibirsk, Ru. 480 155 69 67 58

< -4° C in Shanghai, China 471 170 84 107 92

< -1° C in Tokyo, Japan 328 130 60 92 58

Days 1-60 following
stratospheric anomalies QBO easterly-westerly ENSO (warm-cold)

FIG 2. The difference in daily mean surface temperature anomalies between the 60-day interval
following the onset of weak and strong vortex conditions at 10-hPa (left panel); between Janu-
arys when the QBO is easterly and westerly (middle panel); and between winters (January-
March) corresponding to the warm and cold episodes of the ENSO cycle (right panel). The
samples used in the analysis are documented in Fig. 1. Contour levels are at 0.5 C.





British Snow Storms



In the troposphere the longest timescale

 occurs during winter. 









Persistence of the AO



Seasonal Forecast Models

• Maycock et al. Climate Dynamics 2009.

• 5 seasonal forecast models. Model lids 5-10 hPa. (ECMWF, 
Glosea, DePreSys, IfM-Kiel, Meteo-France)

• None of the models do a good job of simulating the 
stratosphere.

• The models all underestimate stratospheric variability.

• Tropospheric forecast skill (from stratospheric effects) is 
unlikely to be realized from these models.



“Climate is the average weather”



“Climate is the average weather”

Climate = E(weather)



“Climate is the average weather”

Climate = E(weather)

Anomalies are deviations from climatology,
where climatology = E(weather)



Detrending with an Additive Noise Model

CMAM model Z at 25N, 100 hPa
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A trend does not have to be a straight line!



Conclusions

• Stratospheric variability induces significant high-latitude 
effects on weather, on a time scale up to two months.

• The surface signature of stratospheric variability looks like 
the the NAM/AO, and polar cap (>65º) Z is a good proxy for 
the NAM index.

• Forecast skill is based on atmospheric dynamics, and could be 
realized through forecast models or statistical methods.

• Seasonal forecast models must be able to simulate 
stratospheric variability, and the long time scales in the 
lowermost stratosphere.

• Can stratospheric changes be used on decadal time scales to 
forecast polar climate changes?


