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Fig. 1. Superposition of high-pass filtered (35-day running mean removed) equatorial ozone mixing ratio at 1.5 hPa (heavy line) and
solar 205 nm flux (thin line) as measured by the Nimbus 7 SBUV instrument near the maximum of solar cycle 21. (Reproduced from
Hood. 1986).
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Figure 1. Surface temperature change (in °C) from 1780 to 1680 in the GCM. NH annual average (left) and
November to April NH extratropics (right)are shown. Nearly all points are statistically significant (not shown)
because of the large number of model years.

(Shindell et al., 2001)
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Fig. 2. The leading EOF of NH extratropical November-to-April SLP over the last 40 years of the 1680 and 1780 simulations
(left), and the SLP change from 1780 to 1680 (right), both in mbar (mb). The SLP difference is filtered in EOF space by
showing the projection onto the first 20 EOFs, which contain 70% of the total difference. This removes some of the high-
frequency noise in the model induced by overly large energies at high wavenumbers. Hatched areas indicate statistical
significance at the 90% level. (Shindell et al., 2001)
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Fig. 4. Vertical exposure of a Late Proterozoic (~ 650 Ma) periglacial sand wedge 3 m deep (2) in brecciated
mid-Proterozoic quartzite at the Cattle Grid copper mine, South Australia. A near-vertical, diverging lamination that
parallels the wedge margins is discernible within the wedge. Deformed sand wedges of an earlier generation (1)
occur within the breccia and a third-generation wedge (3) occurs within overlying Late Proterozoic aeolian
sandstone (Whyalla Sandstone) and the uppermost part of the large wedge. Bedding in breccia and sandstone is
turned upward adjacent to the wedges. Numerous such sand wedges formed near sea level in the area bordering the
Adelaide Geosyncline during the Marinoan Glaciation at ~ 650 Ma. Identical sand wedges are forming today in the
periglacial dry valleys of Antarctica and in the Arctic. The structures indicate a very cold, arid, strongly seasonal
climate.

=25 7 EE85{EE T 0)Sand Wedge (from Williams, 1993)
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Figure 2. The cosmic ray flux (@) and tropical
temperature anomaly (AT) variations over the
Phanerozoic. The upper curves describe the
reconstructed CRF using iron meteorite exposure age
data (Shaviv, 2002b). The blue line depicts the
nominal CRF, while the yellow shading delineates
the allowed error range. The two dashed curves are
additional CRF reconstructions that fit within the
acceptable range (together with the blue line, these
three curves denote the three CRF reconstructions
used in the model simulations). The red curve
describes the nominal CRF reconstruction after its
period was fine tuned to best fit the low-latitude
temperature anomaly (i.e., it is the “blue”
reconstruction, after the exact CRF periodicity was
fine tuned, within the CRF reconstruction error). The
bottom black curve depicts the 10/50 m.y. (see Fig.
1) smoothed temperature anomaly (AT) from Veizer
et al. (2000). The red line is the predicted AT 4, for
the red curve above, taking into account also the
secular long-tenm linear contribution (term B x ¢ in
equation 1). The green line is the residual. The langest
residual is at 250 m.y. B.P., where only a few
measurements of 3'%0 exist due to the dearth of
fossils subsequent to the largest extinction event in
Earth history. The top blue bars are as in Figure 1.

(Shaviv and Veizer, 2003)
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Figure 2. CO; and climate. A: Comparison of model predictions
(GEOCARB III; Berner and Kothavala, 2001) and proxy
reconstructions of CO,. 10 m.y. time-steps are used in both curves.
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Figure 4. pH-correction for shallow-marine 8'*0 carbonate
curve. A: The blue curve corresponds to temperature deviations
relative to today calculated by Shaviv and Veizer (2003) from

the “10/50" 8'%0 compilation presented in Veizer et al. (2000,
where the original data (Veizer et al., 1999) were detrended

and then averaged in 10 m.y. time-steps using a 50 m.y. moving
window. In the two remaining curves, data from the blue curve
have been adjusted for pH effects due to changes in seawater Ca*
concentration (after Horita et al., 2002), and CO; based either

on GEOCARB |1l or proxies. A sensitivity analysis was performed
on the GEOCARB + Ca** curve by holding Ca** levels constant
(lower bound of orange band), or by allowing the saturation state
of CaCOj; in the ocean to vary through time (€2; upper bound; see
text for details). B: Cosmic ray flux (relative to the present day) as
reconstructed by Shaviv (2002). C: Intervals of glacial and cool
climates, as in Fig. 2B.

(Royer et al., 2004)
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Solar radiative forclng

—Leon Beer & Bradley (1995)
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Surface temperature anomalies
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Fig. 3. Estimated solar radiative forcing (top) and global surface temperature anomalies, from both GISS
model simulations (29) and observations. One canonical view is that solar forcing provides a good match for
the observations before 1800, volcanic forcing becomes important during the 19th century, and anthropogenic
forcing begins dominating during the 20th century. [Figure courtesy of J. Lean.]



From: North Pacific Climate Variability

Arctic Oscillation at Sea Level James E. Overland. PMEL

during Winter (January through _ Amne B Hollowed, AFSC
Jennifer Miletta Adams and Nicholas A. Bond, JISAO

March)

Decadal difference:
1989 to 1998 - 1979 to 1988 Composite for positive and negative AO phases, 1979-1998

(red contours are +, blue are -, 2 mb, no 0) (same contours)



Arctic Oscillation in the Zonal Wind at 300 mb during Winter (January through March)

Decadal difference: Composite for positive and negative AO phases, 1979-1998
1989 to 1998 - 1979 to 1988 (same contours)
(red contours are +, blue are -, 2 m/s, no 0) From: North Pacific Climate Variability

James E. Overland, PMEL
Anne B. Hollowed, AFSC
Jennifer Miletta Adams and Nicholas A. Bond, JISAO



Timeseries of Three January-February North Pacific Indices
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January-February Sea Level Pressure Climatology (1958-1997)
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Fig. 1. Correlation of the disc-integrated Ca II
solar emission, K, with a residual time series, Sg
= § - SQ (1 + Pg), obtained by removing the
sunspot blocking effect [Foukal, 1981]), Pg, and
the quiet sun, SQ = 1366.9 W/mz. from the ACRIM
measurements of the total solar irradiance, S.
This residual time series represents the
! contribution to the total solar irradiance of
=5 excess emission from bright sources, From linear
contemporary regression, Sg = -(13.6 * 0.5) + (160 t 6) X K
»  solar minima with r = 0.9. The short dashed line indicates

: contemporary solar minima (1976 and 1986) values.
SOIR T iy zZaro Enetwor‘k The long dashed line indicates the values we
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|
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estimate for the Sun in the absence of surface
i magnetism (sunspots, plages and network) and the
—3 cycling stars dash-dot line is an estimate for the Maunder

: Minimum Sun from White et al. [1992].

|
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TABLE 1. Solar Radiative Output During the Maunder Minimum

Call Emission Total Solar Irradiance

CASE K HK 5 (S-S4) [SpX100

no spots, plage or network 0.0758 0.156 1365.43 -0.,152
non-cycling stars (average) 0.0686 0.145 1364.28 -0.242
minimum possible Sun 0.0588 0.130 1362.71 -0.352

SA=1367.54 W/m2
(Lean et al., 1992)
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