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As described in more detail in the original proposal, my overall research objective is to develop a detailed, long-
term record of past climate changes and water availability in the western Sierra Nevada, the drainages of which are a
major source of water to the Sacramento-San Joaquin river system and ultimately the San Francisco Bay-Delta. In the
context of this project, “long-term” refers to the last 20,000 years or so, since the last glaciation; my particular interest,
however, is the most recent 10,000 years of the Holocene interglacial epoch, during which earth’s climate system has
been in a warm phase and is thus most comparable and pertinent to present and future conditions.  A “detailed” climate
record, in this context, refers to variations occurring on timescales of decades to centuries.  The general lack of detailed,
high-resolution paleoclimatic studies in the Sacramento-San Joaquin watershed extending beyond the last ~1000 years
was a primary motivator for the current study.  My approach has been to employ geochemical “proxies” – tracers of past
climate and environmental conditions – contained in organic matter (OM, literally, the bulk and molecular remains of
dead organisms) recovered from sediments collected at Swamp Lake in Yosemite National Park.  The proposed project
was further sub-divided into three major components:  (1) A record of hydrologic variability at Swamp Lake based on
hydrogen isotopes (δ2H) in individual plant leaf wax compounds ( n-alkanes), spanning the entire 20,000-yr sedimentary
sequence; (2) A concurrent 20,000-yr record of ecosystem responses to water balance and temperature changes based on
bulk carbon (δ13C) and nitrogen (δ15N) isotopes, C and N elemental abundances (C/N), and n-alkane abundances in
sedimentary OM; (3) A modern calibration study providing a basis for interpreting the down-core records.  To these
original project components, I have since added a fourth: (4) A record of decadal-scale variability during specific 
Holocene intervals, based on high resolution analyses of the above proxies, in order to examine the effects of long-term
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At the time the proposal was submitted, my early results were promising but based data sets at various stages of
completion.  I had largely completed the century-scale, bulk OM record (component 2), but had only low-resolution
records of n-alkane δ2H and abundance (component 1) containing large gaps at key intervals, and only scattered field
data on modern conditions (component 3).  The high-resolution study (component 4) had yet to be initiated.  In the time
since the proposal was submitted and funded I have made substantial progress on each of the project components.  Work
in the laboratory has moved into its latter stages, focusing on the high resolution records, while I have begun to write
manuscripts reporting on the long, 20,000 year records.  Aspects my research were presented at the 24th Pacific Climate
Workshop in April 2009, and at the American Geophysical Union Fall Meeting in December 2009.  A summary of the
work completed over the first “year” (actually covering a longer period, with several work stoppages due to budget
problems on the state government level) of the fellowship is presented below, along with a few key results and the work
planned for 2010-2011.

 Field & Modern Calibration Study

I collected water, plant, and POM samples at Swamp Lake on two occasions (May and July) in 2009, and on four 
occasions to date (March, May, June, August) in 2010.  Water samples were analyzed for δ2H composition; plant and
POM samples were analyzed for bulk δ13C, δ15N, C/N, as well as n-alkane abundances and 

ܸ
δ2H.  Combined with data

collected during the summers of 2007 and 2008, I am using the resulting data set to draw conclusions about the factors
controlling our climate proxies over time.  Based on the observed differences between summers following normal to wet
winters (2009, 2010) and dry winters (2007, 2008), lake water δ2H during the plant growing season appears to be
sensitive to the magnitude and timing of winter-spring inputs of new water (low δ2H), from runoff and snowmelt, with 
dry season temperature and evaporation a secondary factor.  A broad range of modern plants produce n-alkanes of the
carbon chain lengths found in Swamp Lake sediments, while concentrations among lake microorganisms (sampled as
POM) are extremely low.  A comparison of the chain-length distributions between plants and sediments suggests that the
main contributors to the sedimentary n-alkane pool are aquatic and riparian plants, which use lake water as a moisture
source and thus should record the lake δ2H signature.  Field sampling at Swamp Lake will continue through the summer
of 2010.
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For the most part, work completed on the project to date has conformed to the plan outlined in the original proposal.
The major exceptions have been (a) the refinement of the expected level of detail (time resolution) of the “long”
(20,000-yr) proxy records, and (b) the addition of the high-resolution study described above.

The degree of detail proposed for the 20,000-yr proxy records (components 1 and 2) was deliberately kept
vague (20- to 50-yr resolution was suggested as possible for the “combined record”), as I remained uncertain how much
of a time constraint would be imposed by the extensive chemical separation procedure and duplicate analyses required
for compound-specific hydrogen isotope measurements.  I was also unsure whether my chosen proxies would be
sufficiently sensitive to record decadal-scale climate fluctuations.  As things have turned out, the leaf-wax δ2H proxy is
sensitive to sub-decadal climate variations, but is very labor intensive, while the analytically routine bulk OM proxies
are less informative on short timescales.  My compromise (outlined above) has been to complete the long-term, 20,000-
yr records at century-scale resolution, while adding a high-resolution (decadal) study examining several multi-century
windows in order to resolve my questions about the influence of interannual and decadal-scale oceanic climate drivers
during past Holocene climate regimes.
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In an indirect way, this study is likely to contribute to the CALFED goal of ensuring an adequate water supply for both
human and environmental uses in the future.  A major question facing water managers in California is how human- 
caused climate warming will interact with natural variability in key hydrologic variables, especially the amount and
timing of winter precipitation, snowmelt and runoff.  The major contribution of this and other paleoclimatic studies is to
reveal a broader range of past conditions than is captured in the last ~100 years of instrumental measurements.  What
separates this study from other paleoclimatic studies that have been conducted in the Bay-Delta watershed is its unusual
combination of length (~20,000 years) and relative detail (decades to centuries).  The Swamp Lake records, when
completed, will allow for examination of hydrologic conditions in the Sierra Nevada during past climate regimes
distinct from that of the 20th century, for example, during warm or dry centuries, and across major regime shifts in the
circulation of the North Pacific ocean and atmosphere. With the caveat that the high resolution Swamp Lake record
remain incomplete, and that the data and interpretations have not been finalized, I have included examples of the type of
information this study will provide below.

δ2H values in leaf waxes from Swamp Lake sediments during the 20th century were similar to the long-term
average, implying that during past centuries, the size of the snowpack and the timing of runoff has at times been either
larger/later and smaller/earlier than at present.  In comparison to the period between between 5300 and 6000 years ago,
the modern snowpack has been large and persistent.  In other words, for a period lasting about 800 years, the frequency
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