Overview

Solar variations on both decadal and centennial timescales have been associated with
climate phenomena (van Loon et al., 2004; Hodell et al., 2001; White et al., 1997), but
the mechanism remains controversial. The energy received by the Earth at the peak of
the solar cycle increases by <0.1%, so the guestion has remained of how this could be
amplified to produce an observable climate response. Recent modeling shows that the
response of the Earth’s climate system to the 11-year solar cycle may be amplified
through stratosphere and ocean feedbacks and has the potential to impact climate
variability on a number of timescales (Meehl et al., 2009). Here, we report a 1000-year
record of changes In the stratigraphy and carbon isotope composition of varved lake
sediment that shows variations in primary productivity on centennial timescales and

suggests that solar activity may be an important component of Pacific climate variability.
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Chronology

Age-depth model for the last 6000 years.
Table 1.

Age (cal year BP)
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Results
Productivity and solar records, top to bottom:

Carbonate stratigraphy (Fig. 4A) as a A.
cluster index (number of layers

per 10 cm); carbonates infer increased
surface productivity.

Solar activity (4B) is shown as #C/1?C
ratios from the Intcal09 radiocarbon
calibration curve (Reimer et al., 2009).

Individual measurements and three-
point running mean of sediment 613C
(4C). Stable carbon isotopes are a well
established productivity proxy
(MacKenzie, 1985).
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Dashed lines show correlative depths
and ages. The average interval
between 613C samples is about 5 yr.
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Figure 4.
Grand solar minima, centered on the years in parentheses (Bard et al.,
1997) are labeled as follows: Oort (O); Wolf (W); Sporer (S); Maunder
(M); Dalton (D). The 20th century is not shown due to the Seuss effect
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Note the simultaneity in the ssn and 813C time series. This suggests
some correspondence between solar variability and lake productivity.

Figure 6.

Notable similarity between ssn and 613C in Wavelet Power
Spectra around 200-220 year periodicity. Thick black lines
show 95% significant power. Global Power spectra shows
similar peaks in two cases.
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Conceptual Model
Following the scenario of Meehl et al. (2009)...

Reduction in cloud cover during solar maxima
amplifies solar forcing, warming surface waters across
the tropics, enhancing evaporation and transport of
water vapor by the trade winds to convergence zones
(Fig. 5A).

Increased precipitation in convergence zones
strengthens the Hadley and Walker circulations,
Increasing trade winds and upwelling, leading to lower
SST In eastern equatorial Pacific (Fig. 5B).

Enhanced subsidence produces fewer clouds In
the eastern equatorial Pacific and expands the
subtropical regions, allowing more solar radiation to
reach the surface to produce a positive feedback that
further magnifies the climate response (Fig. 4).
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Figure 5.

Conclusions

Lake productivity as studied from 1200 years show
connections with solar activity as studied from two
approaches:

1. Time Series Analysis
2. Wavelet Power Spectra
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