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Western U.S. Winter Precipitation
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Corroborating evidence from the U.S.:

California Precipitation Granger 1977

N. America West Coast |Precipitation McGuirk 1982

Western US Precipitation Dettinger et al. 1998

Great Salt Lake Lake level Mann, et al. 1995

United States Temp., precip., pressure Dettinger et al. 1995

United States Temp., precip.. Walsh and Mostek 1980

NE, SW US Temperature Rasmusson et al. 1981, p.594
United States Pressure, Temp. Clayton 1884

Consistently reported at 25-26 months / 2.1-2.2 years



Red curve: Monthly 25.9-month (2.16-yr) sinusoid

Seattle 500 hPa geopotential height, PSIN 1990-2007
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Uncorrelated with the stratospheric QBO (shorter QB period)
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Arctic Pressure Oscillations
Venegas & Mysak JClim 2000
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North Atlantic Pressure Oscillations
Tourre et al. JCIim1999
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Arctic 500 hPa
geopotential height

(70N, 65W)

Red: Sum of 2.16-
and 2.7-yr sinusoids

Produces a 10.8-yr
beat frequency

Correlations with
500 hPa heights
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QB amplitude increases
during solar max

|YQBH+YQBL|/2 Sunspots
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Questions:

Why such persistent nonseasonal QB signals?
Why coherent over both (magnetic) poles?

Why is the QB amplitude in phase with the solar cycle?

Some external forcing mechanism??



Solar magnetic '‘Butterfly' chart
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Quasi-biennial oscillations of
the solar magnetic field
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An 11-yr magnetic butterfly....
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An 11-yr magnetic butterfly....
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...and a quasi-biennial magnetic zebra
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QB amplitude increases during solar max

Previously observed:
Stenflo and Vogel 1986
Obridko and Shelting 2001
Knaack et al. 2005
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Same pair of QB
functions correlates
with high-frequency
sunspot variations

Sunspots, Sunspot residual
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QB harmonics of a 21.6-yr Hale Cycle?

H = 259.2 months (21.6-yr Hale cycle)
t(0) = June, 1946 (months)

Hale cycle (21.6 yrs) Yua e = Sin(21r / HY)
Sunspot cycle (10.8 yrs) Yoy = [cos(21T / HY)|

International sunspot number 1750-2007:
Mean length 10.90 + 0.32 yrs (1 std. error)
Median length 10.58 yrs

QB cycles:
2.7-yr QB (32.4 mos.): YopL = Sin[21 / (H/8)t]
2.16-yr QB (25.92 mos.) Y opn = SIN[211 /(H/10)t]

2.4-yr QB (28.8 mos.) Yosm = Sin[21 / (H/9)]



The stratospheric QBO: The 9th harmonic of the Hale cycle?
(28.8 months)
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Conclusions:

The atmosphere possess a harmonic series of three QB
cycles (2.16, 2.4, and 2.7 yrs) which can be described as
harmonics of the Hale cycle.

Two of these QB oscillations in combination (2.16 & 2.7-yr)
are also apparent in the solar magnetic field and IMF
orientation.

Question?

Physical sun-climate connection via the solar wind-IMF?

Global electrical circuit? (Tinsley et al. 2007)

Particle precipitation?









