
Adhikari, D. P. and F. Kumon (2001). "Climatic changes during the past 1300 years as 
deduced from the sediments of Lake Nakatsuna, central Japan." Limnology 2(3): 157-
168. 
 Limnological features and sediment characteristics were studied in Lake 

Nakatsuna, a mesotrophic lake in central Japan. The lake is dimictic, and is 
anoxic in the hypolimnion during thermal stratification from May to September. In 
an attempt to reconstruct paleoclimatic changes around the lake, a sediment core 
taken from the lake center spanning the past 1300 years was analyzed for its 
organic and inorganic contents. Climatic influences were examined on the 
variation of total organic carbon (TOC), total nitrogen (TN), and sand contents. 
Short- and long-term fluctuations in TOC, TN, and sand contents are evident, and 
variation in atmospheric temperature appears to be important for their long-term 
variability. The sediment record from AD 900 to 1200 indicates hot summers and 
warm winters with less snow accumulation, whereas the record from AD 1200 to 
1950 is characterized by high variation of temperature, with three cool phases 
from AD 1300 to 1470, 1700 to 1760, and 1850 to 1950. The warm period from 
AD 900 to 1200 corresponds well to the Medieval Warm Period, and the second 
and third cool phases are related to the Little Ice Age. 

 
Barron, J. A. and D. Bukry (2007). "Solar forcing of Gulf of California climate during the 
past 2000 yr suggested by diatoms and silicoflagellates." Marine Micropaleontology 
62(2): 115-139. 
 High-resolution records of the past 2000 yr are compared in a north–south 

transect (28° N to 24° N) of three cores from the eastern slopes of the Guaymas, 
Carmen, and Pescadero Basins of the Gulf of California (hereafter referred to as 
the “Gulf”). Evenly-spaced samples from the varved sediments in each core allow 
sample resolution ranging from not, vert, similar 16 to not, vert, similar 37 yr. 

 
Diatoms and silicoflagellates capture the seasonal variation between a late fall to early 

spring period of high biosiliceous productivity, that is driven by northwest winds, 
and a summer period of warmer, more stratified waters during which these winds 
slacken and/or reverse direction (monsoonal flow). As these winds decrease, 
tropical waters enter the Gulf and spread northward. Individual samples 
represent a composite of 7 to 23 yr of deposition and are assumed to record the 
relative dominance of the winter vs. summer floral components. 

 
Intervals of enhanced summer incursion of tropical waters, alternating with periods of 

increased late fall to early spring biosiliceous productivity are recorded in all three 
cores. Regularly spaced cycles (not, vert, similar 100 yr duration) of Octactis 
pulchra, a silicoflagellate proxy for lower SST and high productivity, and Azpeitia 
nodulifera, a tropical diatom, occur between not, vert, similar A.D. 400 and not, 
vert, similar 1700 in the more nearshore Carmen Basin core, NH01-21 (26.3° N), 
suggesting a possible solar influence on coastal upwelling. 

 



Cores BAM80 E-17 (27.9° N) and NH01-26 (24.3° N) contain longer-duration cycles of 
diatoms and silicoflagellates. The early part of Medieval Climate Anomaly (not, 
vert, similar A.D. 900 to 1200) is characterized by two periods of reduced 
productivity (warmer SST) with an intervening high productivity (cool) interval 
centered at not, vert, similar A.D. 1050. Reduced productivity and higher SST 
also characterize the record of the last not, vert, similar 100 to 200 yr in these 
cores. Solar variability appears to be driving productivity cycles, as intervals of 
increased radiocarbon production (sunspot minima) correlate with intervals of 
enhanced productivity. It is proposed that increased winter cooling of the 
atmosphere above southwest U.S. during sunspot minima causes intensification 
of the northwest winds that blow down the Gulf during the late fall to early spring, 
leading to intensified overturn of surface waters and enhanced productivity. 

 
A new silicoflagellate species, Dictyocha franshepardii Bukry, is described and 

illustrated.  
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Bertrand, C. D., M.-F. Loutre, et al. (2002). "Climate of the last millennium: a sensitivity 
study." Tellus A 54(3): 221-244. 
 Seventy-one sensitivity experiments have been performed using a two-

dimensional sector-averaged global climate model to assess the potential impact 
of six different factors on the last millennium climate and in particular on the 
surface air temperature evolution. Both natural (i.e, solar and volcanism) and 
anthropogenically-induced (i.e. deforestation, additional greenhouse gases, and 
tropospheric aerosol burden) climate forcings have been considered. 
Comparisons of climate reconstructions with model results indicate that all the 
investigated forcings are needed to simulate the surface air temperature 
evolution. Due to uncertainties in historical climate forcings and temperature 
reconstructions, the relative importance of a particular forcing in the explanation 
of the recorded temperature variance is largely function of the forcing time series 
used. Nevertheless, our results indicate that whatever the historical solar and 
volcanic reconstructions may be, these externally driven natural climate forcings 
are unable to give climate responses comparable in magnitude and time to the 
late201320th-century temperature warming while for earlier periods combination 
of solar and volcanic forcings can explain the Little Ice Age and the Medieval 
Warm Period. Only the greenhouse gas forcing allows the model to simulate an 
accelerated warming rate during the last three decades. The best guess 
simulation (largest similarity with the reconstruction) for the period starting 1850 
AD requires however to include anthropogenic sulphate forcing as well as the 
impact of deforestation to constrain the magnitude of the greenhouse gas 
twentieth century warming to better fit the observation. On the contrary, prior to 



1850 AD mid-latitude land clearance tends to reinforce the Little Ice age in our 
simulations. 

 
Bloch, J. I., M. T. Silcox, et al. (2007). "New Paleocene skeletons and the relationship of 
plesiadapiforms to crown-clade primates." Proceedings of the National Academy of 
Sciences. 
  
Booth, R. K., M. Notaro, et al. (2006). "Widespread drought episodes in the western 
Great Lakes region during the past 2000 years: Geographic extent and potential 
mechanisms." Earth and Planetary Science Letters 242(3-4): 415-427. 
 We compared high-resolution reconstructions of peatland water-table depth at 

two raised bogs in the western Great Lakes region separated by not, vert, 
similar1000 km. The sites included Minden Bog in southeastern Michigan and 
Hole-in-the-Bog in north-central Minnesota. Our objectives were to 1) determine 
whether large, decadal to multidecadal droughts of the past 2000 yrs were 
spatially and temporally coherent across the region, and 2) assess the underlying 
mechanisms of widespread droughts in the region. We found a strong correlation 
between bog-inferred records of moisture variability in the two regions (r = 0.53). 
Between 2100 and 600 BP, extreme drought events centered on 1850, 1800, 
1650, 1000, 800, and 700 BP are recorded in both regions. Many of these 
drought events were contemporaneous with large droughts already documented 
at sites far to the west in the Great Plains and Rocky Mountains. To identify 
potential modern climate analogues, we used empirical orthogonal function 
(EOF) analysis to reveal spatial modes of variability in drought and precipitation 
records of North America for the past century. The first EOFs of annual 
precipitation and Palmer Drought Severity Index (PDSI) were similar to each 
other, and consistent with a pattern of widespread continental drought. 
Correlations between these EOFs and annual sea surface temperatures (SSTs) 
indicate strong relationships to SSTs in both the Atlantic and Pacific basins. We 
hypothesize that widespread droughts between 1000 and 700 BP were related to 
amplification of a spatial mode of moisture variability associated with an 
anomalously warm North Atlantic, a warm mid-latitude North Pacific, and an 
anomalously cold Tropical Pacific. A more extensive network of hydroclimate 
records, developed using a consistent set of methods and proxies, could be used 
in conjunction with high-resolution records of past SSTs to test this hypothesis. 
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 Alteration of surficial marine basalts at low temperatures (<40°C) is a potentially 
important sink for atmospheric CO2 over geologic time. Petrologic analyses, 
thermodynamic calculations, and experimental weathering results point to 
extensive Ca leaching and consumption of marine CO2 during alteration. Basalt 
weathering in seawater-like solutions is sensitive to temperature. The activation 
energy for initial basalt weathering in seawater is 41–65 kJ mol−1. If seafloor 
weathering temperatures are set by deep ocean fluids under high fluid to rock 
ratios the feedback between weathering and atmospheric CO2 is indirect, but 
sizeable. If the bulk of seafloor weathering occurs in the presence of low-
temperature hydrothermal fluids, the weathering feedback depends on the 
linkage between spreading rates and heat flow. In either case, the primary 
linkage between seafloor weathering and the global carbon cycle appears to be 
thermal as opposed to chemical. 

 
Brewer, P. G., C. Goyet, et al. (1997). "Direct observation of the oceanic CO2 
increase revisited." Proceedings of the National Academy of Sciences of the United 
States of America 94(16): 8308-8313. 
 We show, from recent data obtained at specimen North Pacific stations, that the 

fossil fuel CO signal is strongly present in the upper 400 m, and that we may 
consider areal extrapolations from geochemical surveys to determine the 
magnitude of ocean fossil fuel CO uptake. The debate surrounding this topic is 
illustrated by contrasting reports which suggest, based upon atmospheric 
observations and models, that the oceanic CO sink is small at these latitudes; or 
that the oceanic CO sink, based upon oceanic data and models, is large. The 
difference between these two estimates is at least a factor of two. There are 
contradictions arising from estimates based on surface partial pressures of CO 
alone, where the signal sought is small compared with regional and seasonal 
variability; and estimates of the accumulated subsurface burden, which correlates 
well other oceanic tracers. Ocean surface waters today contain about 45 
μmol⋅kg excess CO compared with those of the preindustrial era, and the signal 
is rising rapidly. What limits should we place on such calculations? The answer 
lies in the scientific questions to be asked. Recovery of the fossil fuel 

 
Broecker, W. S. (2001). "PALEOCLIMATE: Was the Medieval Warm Period Global?" 
Science 291(5508): 1497-1499. 
 During the Medieval Warm Period (800 to 1200 A.D.), the Vikings colonized 

Greenland. In his Perspective, Broecker discusses whether this warm period was 
global or regional in extent. He argues that it is the last in a long series of climate 
fluctuations in the North Atlantic, that it was likely global, and that the present 
warming should be attributed in part to such an oscillation, upon which the 
warming due to greenhouse gases is superimposed.  
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 Abstract A June–August Alpine temperature proxy series is developed back to 
AD 951 using 1,527 ring-width measurements from living trees and relict wood. 
The reconstruction is composed of larch data from four Alpine valleys in 
Switzerland and pine data from the western Austrian Alps. These regions are 
situated in high elevation Alpine environments where a spatially homogenous 
summer temperature signal exists. In an attempt to capture the full frequency 
range of summer temperatures over the past millennium, from inter-annual to 
multi-centennial scales, the regional curve standardization technique is applied to 
the ring width measurements. Correlations of 0.65 and 0.86 after decadal 
smoothing, with high elevation meteorological stations since 1864 indicate an 
optimal response of the RCS chronology to June–August mean temperatures. 
The proxy record reveals warm conditions from before AD 1000 into the 
thirteenth century, followed by a prolonged cool period, reaching minimum values 
in the 1820s, and a warming trend into the twentieth century. This latter trend and 
the higher frequency variations compare well with the actual high elevation 
temperature record. The new central Alpine proxy suggests that summer 
temperatures during the last decade are unprecedented over the past 
millennium. It also reveals significant similarities at inter-decadal to multi-
centennial frequencies with large-scale temperature reconstructions, however, 
deviating during certain periods from H.H. Lambʻs European/North Atlantic 
temperature history. 

 
Caldeira, K. and P. B. Duffy (2000). "The Role of the Southern Ocean in Uptake and 
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Castellano, E., S. Becagli, et al. (2005). "Holocene volcanic history as recorded in the 
sulfate stratigraphy of the European Project for Ice Coring in Antarctica Dome C 
(EDC96) ice core." Journal of Geophysical Research 110. 
 A detailed history of Holocene volcanism was reconstructed using the sulfate 

record of the European Project for Ice Coring in Antarctica Dome C (EDC96) ice 
core. This first complete Holocene volcanic record from an Antarctic core 
provides a reliable database to compare with long records from Antarctic and 
Greenland ice cores. A threshold method based on statistical treatment of the 
lognormal sulfate flux distribution was used to differentiate volcanic sulfate spikes 
from sulfate background concentrations. Ninety-six eruptions were identified in 
the EDC96 ice core during the Holocene, with a mean of 7.9 events per 
millennium. The frequency distribution (events per millennium) showed that the 
last 2000 years were a period of enhanced volcanic activity. EDC96 volcanic 
signatures for the last millennium are in good agreement with those recorded in 
other Antarctic ice cores. For older periods, comparison is in some cases less 
reliable, mainly because of dating uncertainties. Sulfate depositional fluxes of 
individual volcanic events vary greatly among the different cores. A volcanic flux 
normalization (volcanic flux/Tambora flux ratio) was used to evaluate the relative 
intensity of the same event recorded at different sites in the last millennium. 



Normalized flux variability for the same event showed the highest value in the 
1100–1500 AD period. This pattern could mirror changes in regional transport 
linked to climatic variations such as slight warming stages in the Southern 
Hemisphere (Southern Hemisphere Medieval Warming–like period?). 

 
Chambers, F. M., D. Mauquoy, et al. (2007). "Globally synchronous climate change 
2800 years ago: Proxy data from peat in South America." Earth and Planetary Science 
Letters 253(3-4): 439-444. 
 Initial findings from high-latitude ice-cores implied a relatively unvarying Holocene 

climate, in contrast to the major climate swings in the preceding late-Pleistocene. 
However, several climate archives from low latitudes imply a less than equable 
Holocene climate, as do recent studies on peat bogs in mainland north-west 
Europe, which indicate an abrupt climate cooling 2800 years ago, with parallels 
claimed in a range of climate archives elsewhere. A hypothesis that this claimed 
climate shift was global, and caused by reduced solar activity, has recently been 
disputed. Until now, no directly comparable data were available from the 
southern hemisphere to help resolve the dispute. Building on investigations of the 
vegetation history of an extensive mire in the Valle de Andorra, Tierra del Fuego, 
we took a further peat core from the bog to generate a high-resolution climate 
history through the use of determination of peat humification and quantitative 
leaf-count plant macrofossil analysis. Here, we present the new proxy-climate 
data from the bog in South America. The data are directly comparable with those 
in Europe, as they were produced using identical laboratory methods. They show 
that there was a major climate perturbation at the same time as in northwest 
European bogs. Its timing, nature and apparent global synchronicity lend support 
to the notion of solar forcing of past climate change, amplified by oceanic 
circulation. This finding of a similar response simultaneously in both hemispheres 
may help validate and improve global climate models. That reduced solar activity 
might cause a global climatic change suggests that attention be paid also to 
consideration of any global climate response to increases in solar activity. This 
has implications for interpreting the relative contribution of climate drivers of 
recent ʻglobal warmingʼ. 

 
Chen, T.-C., S.-P. Weng, et al. (1998). "Interannual Variation in the Tropical Cyclone 
Formation over the Western North Pacific." Monthly Weather Review 126(4): 1080-
1090. 
 The interannual variation in tropical cyclone genesis frequency over the western 

North Pacific was examined for the active tropical cyclone (including summer and 
fall) during 1979–94. An emphasis was put on the possible effect of the 
interannual variation of atmospheric circulation and monsoon trough on tropical 
cyclone occurrence. The major findings of this study are the following.A distinct 
increase (decrease) of tropical cyclone genesis frequency occurs north of the 
climatological location of the monsoon trough in the Philippine Sea during 
summers (June–August) with anomalous cold (warm) sea surface temperature 



(SST) over the NINO3 region. The interannual variation of tropical cyclone 
genesis in this region results from the appearance of an anomalous cyclonic 
(anticyclonic) cell situated in a summer teleconnection wave train emanating from 
the western tropical Pacific and progressing along the rim of the North Pacific. In 
addition to the north–south interannual variation, there is also a longitudinal 
interannual variation in the summer tropical cyclone genesis frequency over this 
region. The contrast of tropical cyclone genesis between the regions west and 
east of 150°E is reduced (enhanced) when the monsoon trough extends 
(retreats) eastward (westward) across this longitude during warm (cold) 
summers.For fall (September–November), there is no clear relationship between 
the north–south interannual variation in the tropical cyclone genesis over the 
western North Pacific and SST (NINO3). However, there is a perceptible 
tendency of the longitudinal interannual variation in tropical cyclone genesis 
frequency to follow the eastward extension/westward retreat of the monsoon 
trough in a way such as it does during the summer season. 
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Cook, E., T. Bird, et al. (1992). "Climatic change over the last millennium in Tasmania 
reconstructed from tree-rings." The Holocene 2(3): 205-217. 
 Tree-ring widths from millennium-old Huon pine (Lagarostrobos franklinii) trees 

have been used to reconstruct warm season (November-April) temperatures 
back to AD 900 for Tasmania. The reconstruction indicates that the most recent 
100 years of climate have been highly unusual, with the coldest and warmest 25-
year periods occurring from 1890 to 1914 and 1965 to 1989, respectively. 
Although the most recent 25-year period is warmer than any comparable period 
over the past 1090 years, it is not yet statistically unprecedented. Some evidence 
for the Medieval Warm Period and the 'Little Ice Age' can be found in the 
reconstruction, especially during the twelfth and seventeenth centuries 
respectively. However, the latter is weakly expressed compared to many records 
from the northern hemisphere, suggesting that the southern oceans may have 
significantly moderated its effect on Tasmania. Regular oscillations on the order 
of 30, 56, 80 and 180 years in length have been identified in the reconstruction 
using spectral analysis. These oscillations cannot be easily linked to climatic 
forcing functions related to solar or volcanic activity. Thus, they are best regarded 
as arising from the internal dynamics of the ocean-atmosphere-cryosphere 
system. 

 
Cook, E. R. (1995). "Temperature histories from tree rings and corals." Climate 
Dynamics 11(4): 211-222. 
 Recent temperature trends in long tree-ring and coral proxy temperature histories 

are evaluated and compared in an effort to objectively determine how anomalous 



twentieth century temperature changes have been. These histories mostly reflect 
regional variations in summer warmth from the tree rings and annual warmth 
from the corals. In the Northern Hemisphere, the North American tree-ring 
temperature histories and those from the north Polar Urals, covering the past 
1000 or more years, indicate that the twentieth century has been anomalously 
warm relative to the past. In contrast, the tree-ring history from northern 
Fennoscandia indicates that summer temperatures during the ʻMedieval Warm 
Periodʼ were probably warmer on average than those than during this century. In 
the Southern Hemisphere, the tree-ring temperature histories from South 
America show no indication of recent warming, which is in accordance with local 
instrumental records. In contrast, the tree-ring records from Tasmania and New 
Zealand indicate that the twentieth century has been unusually warm particularly 
since 1960. The coral temperature histories from the Galapagos Islands and the 
Great Barrier Reef are in broad agreement with the tree-ring temperature 
histories in those sectors, with the former showing recent cooling and the latter 
showing recent warming that may be unprecedented. Overall, the regional 
temperature histories evaluated here broadly support the larger-scale evidence 
for anomalous twentieth century warming based on instrumental records. 
However, this warming cannot be confirmed as an unprecedented event in all 
regions. 
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Cook, E. R., C. A. Woodhouse, et al. (2004). "Long-term aridity changes in the western 
United States." Science 306: 1015-1018. 
 The western United States is experiencing a severe multiyear drought that is 

unprecedented in some hydroclimatic records. Using gridded drought 
reconstructions that cover most of the western United States over the past 1200 
years, we show that this drought pales in comparison to an earlier period of 
elevated aridity and epic drought in AD 900 to 1300, an interval broadly 
consistent with the Medieval Warm Period. If elevated aridity in the western 
United States is a natural response to climate warming, then any trend toward 
warmer temperatures in the future could lead to a serious long-term increase in 
aridity over western North America. 

 
Cronin, T. M., G. S. Dwyer, et al. (2003). "Medieval Warm Period, Little Ice Age and 
20th century temperature variability from Chesapeake Bay." Global and Planetary 
Change 36(1-2): 17-29. 
 We present paleoclimate evidence for rapid (<100 years) shifts of 2–4 °C in 

Chesapeake Bay (CB) temperature 2100, 1600, 950, 650, 400 and 150 years 
before present (years BP) reconstructed from magnesium/calcium (Mg/Ca) 
paleothermometry. These include large temperature excursions during the Little 



Ice Age (1400–1900 AD) and the Medieval Warm Period (800–1300 AD) possibly 
related to changes in the strength of North Atlantic thermohaline circulation 
(THC). Evidence is presented for a long period of sustained regional and North 
Atlantic-wide warmth with low-amplitude temperature variability between 450 and 
1000 AD. In addition to centennial-scale temperature shifts, the existence of 
numerous temperature maxima between 2200 and 250 years BP (average 70 
years) suggests that multi-decadal processes typical of the North Atlantic 
Oscillation (NAO) are an inherent feature of late Holocene climate. However, late 
19th and 20th century temperature extremes in Chesapeake Bay associated with 
NAO climate variability exceeded those of the prior 2000 years, including the 
interval 450–1000 AD, by 2–3 °C, suggesting anomalous recent behavior of the 
climate system. Author Keywords: Paleoclimatology; Holocene; Medieval Warm 
Period; Little Ice Age; 20th Century climate; North Atlantic Oscillation 
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Davis, O. K. (1994). "The correlation of summer precipitation in the southwestern U.S.A. 
with isotopic records of solar activity during the medieval warm period." Climatic Change 
26(2): 271-287. 
 Decreased solar activity correlates with positive cosmogenic isotope anomalies, 

and with cool, wet climate in temperate regions of the world. The relationship of 
isotope anomalies to climate may be the opposite for areas influenced by 
monsoonal precipitation, i.e., negative anomalies may be wet and warm. 
Petersen (1988) has found evidence for increased summer precipitation in the 
American Southwest that can be shown to be coincident with negative14C 
anomalies during the Medieval Warm Period. The present study compares 
palynological indicators of lake level for the Southwest with Petersen's data and 
with the14C isotope chronology. Percentages of aquatic pollen and algae from 
three sites within the Arizona Monsoon record greater lake depth or fresher water 
from A.D. 700–1350, between the Roman IV and Wolf positive isotope 
anomalies, thereby supporting Petersens's findings. Maximum summer moisture 
coincides with maximum population density of prehistoric people of the 
Southwest. However, water depth at a more northern site was low at this time, 
suggesting a climateisotope relationship similar to that of other temperate 
regions. Further analysis of latitudinal patterns is hampered by inadequate14C 
dating. 

 
Dean, J. S. (1994). "The medieval warm period on the southern Colorado Plateau." 
Climatic Change 26(2): 225-241. 
 Several questions concerning the Medieval Warm Period (MWP), an interval 

(A.D. 900 to 1300) of elevated temperatures first identified in northern Europe, 
are addressed with paleoenvironmental and archaeological data from the 
southern Colorado Plateau in the southwestern United States. Low and high 
frequency variations in alluvial groundwater levels, floodplain aggradation and 
degradation, effective moisture, dendroclimate, and human adaptive behavior fail 



to exhibit consistent patterns that can be attributed to either global or regional 
expressions of the MWP. There is some suggestion, however, that climatic 
factors related to the MWP may have modified the regional patterns to produce 
minor anomalies in variables such as the number of intense droughts, the 
occurrence of specific droughts in the twelfth and thirteenth centuries, the 
prevalence of low temporal variability in dendroclimate, and the coherence of 
some low and high frequency environmental variables and aspects of human 
adaptive behavior. These results suggest that the MWP does not represent 
warming throughout the world. Rather, it was a complex phenomenon that 
probably was expressed differently in different regions. 
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Firestone, R. B., A. West, et al. (2007). "Evidence for an extraterrestrial impact 12,900 
years ago that contributed to the megafaunal extinctions and the Younger Dryas 
cooling." Proceedings of the National Academy of Sciences 104(41): 16016-16021. 
 A carbon-rich black layer, dating to ≈12.9 ka, has been previously identified at 

≈50 Clovis-age sites across North America and appears contemporaneous with 
the abrupt onset of Younger Dryas (YD) cooling. The bones of extinct 
Pleistocene megafauna, along with Clovis tool assemblages, occur below this 
black layer but not within or above it. Causes for the extinctions, YD cooling, and 
termination of Clovis culture have long been controversial. In this paper, we 
provide evidence for an extraterrestrial (ET) impact event at ≅12.9 ka, which we 
hypothesize caused abrupt environmental changes that contributed to YD 
cooling, major ecological reorganization, broad-scale extinctions, and rapid 
human behavioral shifts at the end of the Clovis Period. Clovis-age sites in North 
American are overlain by a thin, discrete layer with varying peak abundances of 
() magnetic grains with iridium, () magnetic microspherules, () charcoal, () soot, () 
carbon spherules, () glass-like carbon containing nanodiamonds, and () 
fullerenes with ET helium, all of which are evidence for an ET impact and 
associated biomass burning at ≈12.9 ka. This layer also extends throughout at 
least 15 Carolina Bays, which are unique, elliptical depressions, oriented to the 
northwest across the Atlantic Coastal Plain. We propose that one or more large, 



low-density ET objects exploded over northern North America, partially 
destabilizing the Laurentide Ice Sheet and triggering YD cooling. The shock 
wave, thermal pulse, and event-related environmental effects (e.g., extensive 
biomass burning and food limitations) contributed to end-Pleistocene megafaunal 
extinctions and adaptive shifts among PaleoAmericans in North America. 
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 High-resolution stable isotope profiles of three contemporaneously deposited 

stalagmites from a shallow cave in Southern Oman provide an annually resolved 
record of Indian Ocean monsoon rainfall variability for the past 780 years. 
Uranium-series age dating and counts of annual growth bands enable an 
excellent age calibration. Although modern speleothems do not grow in perfect 
isotopic equilibrium, oxygen isotope ratios (δ18O) are a proxy for the amount of 
monsoon rainfall. This is supported by the statistically significant correlation 
between δ18O and the thickness of annual bands, whereas δ18O is inversely 
correlated with annual band thickness. Additionally, overlapping δ18O profiles 
are very similar in pattern and range, indicating that sample specific noise did not 
blur the climatic signal. The longest oxygen isotope profile, derived from 
stalagmite S3, clearly shows the transition at 1320 AD from a generally wetter 
Medieval Warm Period to a drier Little Ice Age that lasted from approximately AD 
1320–1660 in Southern Oman. The decrease in monsoon rainfall since the 1960s 
is also obvious in meteorological records from Northern Africa and India, 
indicating that our speleothem-based rainfall records do not only reflect local 
monsoon rainfall variability. Corresponding author. Stanford University, 325 
Braun Hall (bldg 320), Stanford, CA 94305-2115, USA 

 
Giardini, A. A. and C. E. Melton (1982). "EVIDENCE THAT STABLE CARBON 
ISOTOPES ARE NOT A RELIABLE CRITERION FOR DISTINGUISHING BIOGENIC 
FROM NON-BIOGENIC PETROLEUM." Journal of Petroleum Geology 4(4): 437-439. 
 The isotopic abundance of presumably-pristine primordial carbon has been 

determined by analyzing carbon dioxide entrapped in a 8.65 carat natural 
diamond of African origin. The results were 12C = 98.9275% and13C = 1.0725%, 
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by past climatic change only, suggesting that there was some other cause of the 
larger amplitude temperature changes. The onsets of temperature decrease in 
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appear to coincide with occurrences of two destructive earthquakes (1185 and 
1662 a.d.) that caused water level changes of Lake Biwa. It suggests that the 
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change due to tectonically induced water level changes of the lake. If the annual 
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data, the large amplitude of the sediment surface temperature change may be 
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we suggest that the borehole temperature at the Karasuma site preserves 
information not only on past climate changes but also on environmental changes 
due to tectonically induced water level changes. 

 
Hassan, F. A. (1981). "Historical Nile floods and their implications for climatic change." 
Science 212: 1142-1145. 
 Analysis of Nile flood stages from A.D. 640 to 1921 reveals major episodes of low 

Nile discharge during the years 930 to 1070 and 1180 to 1350 and major 
episodes of high Nile floods during 1070 to 1180 and 1350 to 1470. Examination 
of Nile flood maxima and minima and comparison with water levels in Lake Chad 
reveal a correlation between high Nile discharge and greater rainfall in equatorial 
East Africa. There is also apparently a correlation between low Nile discharge 
and cold climate in Europe. 

 
Haug, G. H., K. A. Hughen, et al. (2001). "Southward Migration of the Intertropical 
Convergence Zone Through the Holocene." Science 293(5533): 1304-1308. 
  
Hemer, M. A. and P. T. Harris (2003). "Sediment core from beneath the Amery Ice 
Shelf, East Antarctica, suggests mid-Holocene ice-shelf retreat." Geology 31(127-130). 
 The stability of floating ice shelves is an important indicator of ocean circulation 

and ice-shelf mass balance. A sub–ice-shelf sediment core collected during the 
Austral summer of 2000–2001 from site AM02 (69°42.8′S, 72°38.4′E) on the 
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of hemipelagic sediments occurs beneath floating ice shelves over distances of 
at least ∼80 km. An increase in sea-ice–associated diatom deposition in the 
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three millennia of a 6600-year stalagmite record at Cold Air Cave, Makapansgat 
Valley, South Africa, are presented. Growth layers, which are measurable over 
the last 250 years, are shown to be annual. The correlation between the width of 
growth layers and precipitation is strongly positive. Changes in{delta}18O 
and{delta}13C are positively correlated and inversely correlated to changes in the 
colour of the growth layers in the stalagmite. Variations in colour are directly 
correlated with mean annual temperature. Dark colouration is the product of 
increased temperature and mobilization of organic matter from the soil, and is 
associated with wetter summers and enhanced growth of C4 grasses. Darker 
colouring and enriched{delta}18O and{delta}13C reflect a warmer, wetter 
environment, whereas lighter colouring and depleted isotopic values are 
indicative of cooler, drier conditions. The dominant episode in the 3000-year 
record is the cool, dry 500-year manifestation of the Little Ice Age', from ad 1300 
to about 1800, with the lowest temperatures at around ad 1700. The four 
centuries from ad 900 to 1300, experiencing above-average warming and high 
variability, may be the regional expression of the medieval warming. Other cool, 
dry spells prevailed from around ad 800 to 900 and from about ad 440 to 520. 
The most prolonged warm, wet period occurred from ad 40 to 400. Some 
extreme events are shown to correspond well with similar events determined 
from the Greenland GISP2 ice-core record and elsewhere. Distinct periodicities 
occur within the record at around 120, 200-300, 500-600 and at about 800 years 
BP. 

 
Holmgren, K., J. A. Lee-Thorp, et al. (2003). "Persistent millennial-scale climatic 
variability over the past 25,000 years in Southern Africa." Quaternary Science Reviews 
22: 2311-2326. 
 Data from stalagmites in the Makapansgat Valley, South Africa, document 

regional climatic change in southern Africa in the Late Pleistocene and Holocene. 
A new TIMS U-series dated stalagmite indicates speleothem growth from 24.4 to 
12.7 ka and from 10.2 to 0 ka, interrupted by a 2.5 ka hiatus. High-resolution 
oxygen and carbon stable isotope data suggest that postglacial warming was first 
initiated not, vert, similar17 ka, was interrupted by cooling, probably associated 
with the Antarctic Cold Reversal, and was followed by strong warming after 13.5 
ka. The Early Holocene experienced warm, evaporative conditions with fewer C4 
grasses. Cooling is evident from not, vert, similar6 to 2.5 ka, followed by warming 
between 1.5 and 2.5 ka and briefly at not, vert, similarAD 1200. Maximum 
Holocene cooling occurred at AD 1700. The new stalagmite largely confirms 
results from shorter Holocene stalagmites reported earlier. The strongest 
variability superimposed on more general trends has a quasi-periodicity between 
2.5 and 4.0 ka. Also present are weaker not, vert, similar1.0 ka and not, vert, 
similar100-year oscillations, the latter probably solar induced. Given similarities to 
the Antarctic records, the proximate driving force producing millennial- and 
centennial-scale changes in the Makapansgat record is postulated to be 
atmospheric circulation changes associated with change in the Southern 



Hemisphere circumpolar westerly wind vortex. 
 
Holmgren, K., P. D. Tyson, et al. (2001). "A preliminary 3000-year regional temperature 
reconstruction for South Africa." South African Journal of Science 97: 49. 
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The series has been derived using the correlation in recent times between the 
colour variation in annual growth layers of a stalagmite taken from a cave in the 
Makapansgat Valley and an area-averaged regional annual maximum 
temperature series. A statistical transfer function was applied to the variation in 
colour banding in the stalagmite over the last 3000 years. The time periods from 
AD 1500 to 1800, and from 800-200 BC are shown to have been the coolest 
episodes in the last three millennia, with temperatures up to 1Â°C lower than at 
present. Medieval warming with a maximum at around AD 1500 and a 
pronounced warm episode around 100 BC were prominent features of the record. 
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 Abstract: A new genus and species of omomyid primate, Melaneremia bryanti, is 

described from the Early Eocene Blackheath Beds of Abbey Wood, London, UK. 
It shares unique derived characters with the European subfamily Microchoerinae 
and is its most primitive member. It is nevertheless more derived than the 
primitive omomyid Teilhardina belgica from the beginning of the European 
Eocene. Cladistic analysis shows that the Microchoerinae are sister group to a 
clade comprising subfamilies Omomyinae and Anaptomorphinae, but excluding 
Teilhardina belgica and T. asiatica, which are stem omomyids. The Mammalian 
Dispersal Event (MDE), which marks the beginning of the Eocene (55-8 Ma), 
saw the dispersal of primates, perissodactyls and artiodactyls into the Northern 
Hemisphere. At this time similar species of Teilhardina lived in Europe, Asia and 
North America. The Abbey Wood microchoerine lived about 1 million years later. 
It co-occurs with non-primate species identical or very similar to those that lived 
in North America. The latter were ground-dwellers, whereas the microchoerine 
and others that show distinct differences from North American relatives were 
tree-dwellers. Land-bridges connected North America and Europe via Greenland 
at the beginning of the Eocene, but 2 million years later these had been severed 
by submarine rifting. North American species at Abbey Wood indicate that a land 
connection still remained at c. 55 Ma. However, the forest belt that must have 
been continuous during the MDE to allow tree-dwellers to disperse between the 
continents is likely by this time to have been disrupted, perhaps by volcanic 
eruption. 
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 Shifting distributions of Iron Age villages in central and southern Africa provide 



independent cultural evidence for climatic change over the last 2000 years. A 
warm and wet period characterized the main spread of the Early Iron Age. 
Another wet period from about AD 900 to 1290—the Medieval Warm Epoch—
permitted the build-up of large populations at K2 and Mapungubwe. The 
abandonment of Mapungubwe and simultaneous rise of Great Zimbabwe 
coincided with the beginning of the dry Little Ice Age, while a warm pulse in the 
15th and 16th centuries created the conditions for mixed farming on the highveld. 
Another warm and wet period at the end of the 18th century contributed to the 
spread of maize, increased populations and military stress of the difaqane. 
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 It has frequently been suggested that the period encompassing the ninth to the 

fourteenth centuries A.D. experienced a climate warmer than that prevailing 
around the turn of the twentieth century. This epoch has become known as 
theMedieval Warm Period, since it coincides with the Middle Ages in Europe. In 
this review a number of lines of evidence are considered, (including 
climatesensitive tree rings, documentary sources, and montane glaciers) in order 
to evaluate whether it is reasonable to conclude that climate in medieval times 
was, indeed, warmer than the climate of more recent times. Our review indicates 
that for some areas of the globe (for example, Scandinavia, China, the Sierra 
Nevada in California, the Canadian Rockies and Tasmania), temperatures, 
particularly in summer, appear to have been higher during some parts of this 
period than those that were to prevail until the most recent decades of the 
twentieth century. These warmer regional episodes were not strongly 
synchronous. Evidence from other regions (for example, the Southeast United 
States, southern Europe along the Mediterranean, and parts of South America) 
indicates that the climate during that time was little different to that of later times, 
or that warming, if it occurred, was recorded at a later time than has been 
assumed. Taken together, the available evidence does not support aglobal 
Medieval Warm Period, although more support for such a phenomenon could be 
drawn from high-elevation records than from low-elevation records. 
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 Abstract The CSIRO Mark 2 coupled global climatic model has been used to 

generate a 10,000-year simulation for ʻpresentʼ climatic conditions. The model 
output has been analysed to identify sustained climatic fluctuations, such as 
those attributed to the Medieval Warm Period (MWP) and the Little Ice Age (LIA). 
Since no external forcing was permitted during the model run all such fluctuations 
are attributed to naturally occurring climatic variability associated with the 
nonlinear processes inherent in the climatic system. Comparison of simulated 
climatic time series for different geographical locations highlighted the lack of 
synchronicity between these series. The model was found to be able to simulate 



climatic extremes for selected observations for century timescales, as well as 
identifying the associated spatial characteristics. Other examples of time series 
simulated by the model for the USA and eastern Russia had similar 
characteristics to those attributed to the MWP and the LIA, but smaller 
amplitudes, and clearly defined spatial patterns. A search for the frequency of 
occurrence of specified surface temperature anomalies, defined via duration and 
mean value, revealed that these were primarily confined to polar regions and 
northern latitudes of Europe, Asia and North America. Over the majority of the 
oceans and southern hemisphere such climatic fluctuations could not be 
sustained, for reasons explained in the paper. Similarly, sustained sea–ice 
anomalies were mainly confined to the northern hemisphere. An examination of 
mechanisms associated with the sustained climatic fluctuations failed to identify a 
role for the North Atlantic Oscillation, the El Nio-Southern Oscillation or the 
Pacific Decadal Oscillation. It was therefore concluded that these fluctuations 
were generated by stochastic processes intrinsic to the nonlinear climatic 
system. While a number of characteristics of the MWP and the LIA could have 
been partially caused by natural processes within the climatic system, the 
inability of the model to reproduce the observed hemispheric mean temperature 
anomalies associated with these events indicates that external forcing must have 
been involved. Essentially the unforced climatic system is unable to sustain the 
generation of long-term climatic anomalies. 
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 The question as to whether the climatic anomalies associated with the Medieval 

Warm Period and the Little Ice Age can be attributed to natural climatic variability 
is explored in this paper. The output from a 500-year run with a global climatic 
model is used for this purpose. The model exhibits multi-decadal variability in its 
climatic outputs, which appears to have many of the characteristics of observed 
climatic data over the last millennium. Global distributions of surface temperature 
associated with peak warming and cooling phases of the model run highlight the 
spatial variability which occurs, and the lack of synchroneity in the response from 
region to region. Considerable year-to-year variability occurs in temperature 
anomaly patterns during the warming and cooling phases, indicating the 
complexity of the responses. The model results suggest that such climatic 
phases should not be considered as lengthy periods of universal warming or 
cooling. Comparison of observed time series of land surface temperature for the 
northern hemisphere for the last 500 years with model output indicates that most 
of the observed features in this climatic record can be reproduced by processes 
associated with internal mechanisms of the climatic system as reproduced in the 
model. While the model results do not exclude the possible contribution of 
external forcing agents as a contributing factor to these climatic episodes, the 
perception is that such agents would enhance existing naturally-induced climatic 
features rather than initiate them, at least for this time frame. Given the 



omnipresent nature of natural climatic variability, it is assumed that such 
variability rather than external forcing agents has primacy in generating and 
maintaining the underlying observed climatic variability. An understanding of the 
mechanisms and behaviour of such climatic features is becoming of increasing 
importance, in view of their possible role in modulating future climatic trends 
given the expected influence of the greenhouse effect. 
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presence of high concentrations of nitrate in Antarctic waters suggests that it 
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alleviate the net accumulation of atmospheric carbon dioxide. An analysis of the 
food web for these waters implies that the Southern Ocean may be remarkably 
inefficient as a carbon sink. This inefficiency is caused by the large flux of carbon 
respired to the atmosphere by air-breathing birds and mammals, dominant 
predators in the unusually simple food web of Antarctic waters. These top 
predators may transfer into the atmosphere as much as 20 to 25 percent of 
photosynthetically fixed carbon. 
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 The Paleocene/Eocene thermal maximum (PETM) was a time of rapid global 

warming in both marine and continental realms that has been attributed to a 
massive methane (CH4) release from marine gas hydrate reservoirs. Previously 
proposed mechanisms for this methane release rely on a change in deepwater 
source region(s) to increase water temperatures rapidly enough to trigger the 
massive thermal dissociation of gas hydrate reservoirs beneath the seafloor. To 
establish constraints on thermal dissociation, we model heat flow through the 
sediment column and show the effect of the temperature change on the gas 
hydrate stability zone through time. In addition, we provide seismic evidence tied 
to borehole data for methane release along portions of the U.S. continental slope; 



the release sites are proximal to a buried Mesozoic reef front. Our model results, 
release site locations, published isotopic records, and ocean circulation models 
neither confirm nor refute thermal dissociation as the trigger for the PETM 
methane release. In the absence of definitive evidence to confirm thermal 
dissociation, we investigate an alternative hypothesis in which continental slope 
failure resulted in a catastrophic methane release. Seismic and isotopic evidence 
indicates that Antarctic source deepwater circulation and seafloor erosion caused 
slope retreat along the western margins of the North Atlantic in the late 
Paleocene. Continued erosion or seismic activity along the oversteepened 
continental margin may have allowed methane to escape from gas reservoirs 
trapped between the frozen hydrate-bearing sediments and the underlying buried 
Mesozoic reef front, precipitating the Paleocene/Eocene boundary methane 
release. An important implication of this scenario is that the methane release 
caused (rather than resulted from) the transient temperature increase of the 
PETM. Neither thermal dissociation nor mechanical disruption of sediments can 
be identified unequivocally as the triggering mechanism for methane release with 
existing data. Further documentation with high-resolution benthic foraminiferal 
isotopic records and with seismic profiles tied to borehole data is needed to 
clarify whether erosion, thermal dissociation, or a combination of these two was 
the triggering mechanism for the PETM methane release. 
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 Arctic tundra has large amounts of stored carbon and is thought to be a sink for 

atmospheric carbon dioxide (CO2) (0.1 to 0.3 petagram of carbon per year) (1 
petagram = 1015 grams). But this estimate of carbon balance is only for 
terrestrial ecosystems. Measurements of the partial pressure of CO2 in 29 
aquatic ecosystems across arctic Alaska showed that in most cases (27 of 29) 
CO2 was released to the atmosphere. This CO2 probably originates in terrestrial 
environments; erosion of particulate carbon plus ground-water transport of 
dissolved carbon from tundra contribute to the CO2 flux from surface waters to 
the atmosphere. If this mechanism is typical of that of other tundra areas, then 
current estimates of the arctic terrestrial sink for atmospheric CO2 may be 20 
percent too high. 
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 The Paleocene Eocene Thermal Maximum (PETM) was a transient episode of 

global warming that occurred at the Paleocene/Eocene boundary. The event is 
marked by a sharp decline in carbon isotope values that is globally recognized 
from marine and continental sections. The negative isotope excursion has been 
attributed to the release of methane hydrates from oceanic sediments. Although 
studies concur that temperatures rose during the PETM, changes in precipitation 
are not well understood. Alluvial paleosols in the Bighorn Basin that span the 
PETM interval contain a continuous and highly resolved record of climate 
including information on precipitation. They show a significant but transient 
decrease in precipitation at the onset of the PETM but a gradual return to pre-
PETM levels by the end of the interval. The paleosols also show additional, 
although less dramatic, wet/dry cycles within the PETM interval that may 
correspond to precessional cycles that have been identified in the marine record 
of the PETM. This study counters interpretations of increased precipitation for 
Wyoming at this time and shows the importance of detailed case studies of 
continental strata to test climatic generalizations and models that have been 
developed for PETM precipitation patterns. Keywords: Paleocene–Eocene 
boundary; Paleocene–Eocene Thermal Maximum; Paleosols; Bighorn Basin, 
alluvial 

 
Lamb, H., I. Darbyshire, et al. (2003). "Vegetation response to rainfall variation and 
human impact in central Kenya during the past 1100 years." The Holocene 13: 285-292. 
 Pollen data from a 625 cm sediment core from Crescent Island Crater, a 

subbasin of Lake Naivasha, Kenya, provide an 1100-year record of vegetation 
change at a mean   time resolution of 15 years. Earlier data from the same core 
show a record of lake depth (and thus inferred rainfall variation) in the form of 
changing sedimentary  facies, supported by salinity inferences based on diatom 
and chironomid assemblages. Stratigraphic variation in the abundances of 
aquatic and semi-aquatic plants and chlorophyte algae generally supports the 
reconstructed lake depths. Woody Afromontane and woodland plant taxa 
decreased relative to Poaceae (grasses) during low rainfall periods, and 
increased during high rainfall periods. A decrease in the extent of lower montane 
forest coincident with favourable climatic conditions after about ad 1700 was 
probably caused byKikuyu immigration and population expansion   around that 
time, as indicated by simultaneous appearance of the food crop Zea mays 
(maize). Increases in ruderal herbaceous and exotic tree pollen during the 
twentieth  century indicate increased local landscape disturbance during the 
colonial period. There is little direct pollen evidence for accelerating clearance of 
the montane  forest during recent decades. 
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 Geochemical and clay mineral parameters of a high accumulation marine 
sediment core from the Chilean continental slope (41°S) provide a 7700 yr record 
of rainfall variability in southern Chile related to the position of the Southern 
Westerlies. We especially use the iron content, measured with a time-resolution 
of ca. 10 yr on average, of 14C-accelerator mass spectrometry dated marine 
sediments as a proxy for the relative input of iron-poor Coastal Range and iron-
rich Andean source rocks. Variations in this input are most likely induced by 
rainfall changes in the continental hinterland of the core position. Based on these 
interpretations, we find a pronounced rainfall variability on multi-centennial to 
millennial time-scales, superimposed on generally more arid conditions during 
the middle Holocene (7700 to 4000 cal yr B.P.) compared to the late Holocene 
(4000 to present). This variability and thus changes in the position of the 
Southern Westerlies are first compared to regional terrestrial paleoclimate data-
sets from central and southern Chile. In order to derive possible wider 
implications and forcing mechanisms of the Holocene latitudinal shifts of the 
Southern Westerlies, we then compare our data to ice-core records from both 
tropical South America and coastal Antarctica. These records show similar bands 
of variability centered at ca. 900 and 1500 yr. Comparisons of band pass filters 
suggest a close connection of shifts of the Southern Westerlies to changes within 
the tropical climate system. The correlation to climate conditions in coastal 
Antarctica shows a more complicated picture with a phase shift at the beginning 
of the late Holocene coinciding with the onset of the modern state of El Niño-
Southern Oscillation system. The presented data provide further evidence that 
the well known millennial-scale climate variability during the last glacial continued 
throughout the Holocene. Keywords: paleoclimatology; Holocene; circulation; 
Chile 
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 A tree-ring width chronology of alerce trees (Fitzroya cupressoides) from 

southern Chile was used to produce an annually resolved 3622-year 
reconstruction of departures from mean summer temperatures (December to 
March) for southern South America. The longest interval with above-average 
temperatures was from 80 B.C. to A.D. 160. Long intervals with below-average 
temperatures were recorded from A.D. 300 to 470 and from A.D. 1490 to 1700. 
Neither this proxy temperature record nor instrumental data for southern South 
America for latitudes between 35{degrees} and 44{degrees}S provide evidence 
of a warming trend during the last decades of this century that could be related to 
anthropogenic causes. The data also indicate that alerce is the second longest 
living tree after the bristlecone pine (Pinus Iongaeva). 

 
Le Quere, C., C. Rodenbeck, et al. (2007). "Saturation of the Southern Ocean CO2 Sink 
Due to Recent Climate Change." Science 316(5832): 1735-1738. 
 Based on observed atmospheric carbon dioxide (CO2) concentration and an 



inverse method, we estimate that the Southern Ocean sink of CO2 has 
weakened between 1981 and 2004 by 0.08 petagrams of carbon per year per 
decade relative to the trend expected from the large increase in atmospheric 
CO2. We attribute this weakening to the observed increase in Southern Ocean 
winds resulting from human activities, which is projected to continue in the future. 
Consequences include a reduction of the efficiency of the Southern Ocean sink of 
CO2 in the short term (about 25 years) and possibly a higher level of stabilization 
of atmospheric CO2 on a multicentury time scale. 
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 On the basis of the results of palynological research on two cores from the Song 

Hong (Red River) delta in the sub-tropical zone of Asia, centennial- to millennial-
scale climate changes and human impacts during the Holocene were clarified. 
Three cycles of cooling and warming were identified during the last 5000 yr: a 
cool and wet climate during 4530–3340 cal. yr BP, 2100–1540 cal. yr BP, and 
620–130 cal. yr BP, a warm and dry climate during 3340–2100 cal. yr BP, 1540–
620 cal. yr BP and the present warm climate. The first and last cooling events 
correspond to global Holocene cooling events, the Neoglacial Period and the 
Little Ice Age, respectively. Each persisted for 500–1000 yr, and they occurred at 
intervals of 1500–2000 yr. Pollen records also reflect human impacts on this 
area, which intensified after 3340 cal. yr BP when large quantities of cultivated 
Gramineae taxa, possibly including the main wet rice species, Oryza sativa, 
secondary forest, and other upland cultivated taxa appear in the record. 

 
 
Linderholm, H. W. and A. Bräuning (2006). "Comparison of high-resolution climate 
proxies from the Tibetan Plateau and Scandinavia during the last millennium." 
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 In this preliminary study, we compare two tree-ring width chronologies from the 

Tibetan Plateau and Scandinavia. At their altitudinal limit of distribution Juniperus 
tibetica (Tibet) and Pinus sylvestris (Scandinavia) are sensitive to climate 
variability, and both chronologies cover the last 1000 years. We used regional 
curve standardization (RCS) of the tree-ring data, to reveal growth variability on 
annual to centennial timescales. Both records showed similar evolution in tree-
growth variability, on decadal and longer time scales, between c. 1100 and 1550. 
However, the tree-ring data indicated a gradually varying climate in Tibet 
compared to the more frequent oscillations seen in the Scandinavian record. The 
impact of the Medieval Warm Period is not clearly evident at either site. Tree 
growth was reduced during the Little Ice Age (LIA) both in Tibet and Scandinavia, 
but the timing and magnitude of the LIA differ between the two regions. In Tibet, 
unfavourable climate was inferred mainly between c. 1400 and 1550 and in the 
mid-17th century, while in Scandinavia harsh growth conditions prevailed more or 
less from the late 16th century to the early 20th century. Around 1550 the two 



chronologies diverge, and it is suggested that this was caused by a strengthening 
of the Asian monsoon. Warming in the 20th century is more pronounced in 
Scandinavia. In Tibet, tree growth is declining, which may be a response to a 
strengthening of the Asian summer monsoon during the last four centuries. 
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Loehle, C. (2004). "Climate change: detection and attribution of trends from long-term 
geologic data." Ecological Modelling 171(4): 433-450. 
 Two questions about climate change remain open: detection and attribution. 

Detection of change for a complex phenomenon like climate is far from simple, 
because of the necessary averaging and correcting of the various data sources. 
Given that change over some period is detected, how do we attribute that change 
to natural versus anthropogenic causes? Historical data may provide key insights 
in these critical areas. If historical climate data exhibit regularities such as cycles, 
then these cycles may be considered to be the “normal” behavior of the system, 
in which case deviations from the “normal” pattern would be evidence for 
anthropogenic effects on climate. This study uses this approach to examine the 
global warming question. Two 3000-year temperature series with minimal dating 
error were analyzed. A total of seven time-series models were fit to the two 
temperature series and to an average of the two series. None of these models 
used 20th Century data. In all cases, a good to excellent fit was obtained. Of the 
seven models, six show a warming trend over the 20th Century similar in timing 
and magnitude to the Northern Hemisphere instrumental series. One of the 
models passes right through the 20th Century data. These results suggest that 
20th Century warming trends are plausibly a continuation of past climate 
patterns. Results are not precise enough to solve the attribution problem by 
partitioning warming into natural versus human-induced components. However, 
anywhere from a major portion to all of the warming of the 20th Century could 
plausibly result from natural causes according to these results. Six of the models 
project a cooling trend (in the absence of other forcings) over the next 200 years 
of 0.2–1.4 °C. 
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within a multi-proxy framework and implications for New Zealand palaeoclimate 
reconstruction." Quaternary International 187(1): 52-75. 
 A primary step in the interpretation of speleothem stable isotope records 

(18O/16O and 13C/12C) is to conduct a comparison with other local 
palaeoclimate proxies. Here, two new master speleothem δ18O and δ13C 
records (one from eastern North Island, and the other from western/southern 
South Island, New Zealand) are evaluated against independent precipitation and 
temperature proxy information to assess their palaeoclimate reconstruction 
potential. This comparison also resulted in a serendipitous opportunity to 



reconstruct past circulation using climate regime classification [Lorrey, A.M., 
Fowler, A.M., Salinger, J., 2007a. Regional climate regime classification as a 
qualitative tool for interpreting multi-proxy palaeoclimate data spatial patterns: a 
New Zealand case study. Palaeo-3, in press], specifically because these two 
regional climate districts are hyper-sensitive to westerly circulation changes, and 
in many cases, exhibit contrasting climate character in response to circulation 
anomalies. For both the western South Island and the eastern North Island 
master speleothem δ13C records, variations tracked changes in relative regional 
precipitation. The δ18O master speleothem record for both regions varied with 
temperature change. Both records contain strong regional climate signals that 
suggest they have good value for palaeoclimate reconstruction. The ensuing 
attempt at a multi-proxy reconstruction of regional climate regimes from the 
compiled proxies indicates past circulation in the New Zealand sector has varied 
considerably during the past four millennia. Centennial-scale circulation changes 
for the past 4000 years are evident, and are analogous to modern Blocking, 
Zonal and Trough regime types [Kidson J. W., 2000. An analysis of New Zealand 
synoptic types and their use in defining weather regimes. International Journal of 
Climatology 20, 299–316] that characterise changes in present-day (prevailing) 
westerly circulation. This palaeoclimate reconstruction indicates modern regional 
climate regime classification can be extended at least as far back as the temporal 
coverage of the records presented here, and it can likely be improved on with 
better dating control and the addition of new records with higher resolution. It is 
also anticipated that future work will expand to include more proxy data from 
across New Zealand to improve the clarity of past climate regime occurrence for 
the Late Holocene. 
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Asia: assessing the evidence using Lake Baikal (Russia) diatom assemblages and the 
application of a diatom-inferred model of snow cover on the lake." Global and Planetary 
Change 46: 281-297. 
 The mainly endemic phytoplankton record of Lake Baikal has been used in this 

study to help interpret climate variability during the last 1000 years in central 
Asia. The diatom record was derived from a short core taken from the south 
basin and has been shown to be free from any sedimentary heterogeneities. We 



employ here a diatom-based inference model of snow accumulation on the 
frozen lake for the first time (r2boot=0.709; RMSEP=0.120 log cm). However, 
palaeoenvironmental reconstructions have been improved by the use of 
correction factors, specifically developed for the dominant phytoplankton 
(Aulacoseira baicalensis, Aulacoseira skvortzowii, Cyclotella minuta, 
Stephanodiscus meyerii and Synedra acus) in the south basin of Lake Baikal. 
Cluster analysis identifies three significant zones in the core, zone 1 (c. 880 AD–
c. 1180 AD), zone 2 (c. 1180–1840 AD) and zone 3 (c. 1840–1994 AD), 
coincident with the Medieval Warm Period (MWP), the Little Ice Age (LIA) and 
the period of recent warming, respectively. Our results indicate that S. acus 
dominated the diatom phytoplankton within zone 1 coincident with the MWP. S. 
acus is an opportunistic species that is able to increase its net growth when A. 
baicalensis does not. During this period, conditions are likely to have been 
unfavourable for the net increases in A. baicalensis growth due to the persistence 
of warm water in the lake, together with an increased length of summer 
stratification and delay in timing of the autumnal overturn. In zone 2, spring 
diatom crops blooming under the ice declined in abundances due in part to 
increased winter severity and snow cover on the lake. Accumulating snow on the 
lake is likely to have arisen from increased anticyclonic activity, resulting in 
prolonged winters expressed during the LIA. Thick, accumulating snow cover 
inhibits light penetration through the ice, thereby having negative effects on cell 
division rate and extent of turbulence underneath the ice. Consequently, only 
taxa whose net growth occurs during autumn overturn (C. minuta) predominate in 
the lake at this time. Diatom census data and reconstructions of snow 
accumulation suggest that warming in the Lake Baikal region started as early as 
c. 1750 AD, with a shift from taxa that bloom during autumn overturn to 
assemblages that begin to grow underneath the frozen lake in spring. Very recent 
increases and subsequent decline of S. acus in the surface sediments of the lake 
mirror monitoring records of this species over the last 50 years. Our study 
confirms that, over the last 1000 years, physical processes are important in 
determining planktonic diatom populations in the lake and highlights the value of 
integrated plankton, trap, and sediment studies for improving quantitative 
palaeoenvironmental reconstructions from fossil material. 
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 The recent availability of global networks of annual or seasonal resolution proxy 

data, combined with the few long instrumental and historical climate records 
available during the past few centuries, make it possible now to reconstruct 
annual and seasonal spatial patterns of temperature variation, as well as 
hemispheric, global-mean, and regional temperature trends, several centuries 
back in time. Reconstructions of large-scale global or hemispheric trends during 



centuries past can place the instrumental assessments of climate during the 
twentieth century in a longer-term perspective and provide more robust evidence 
regarding the roles of potential climate forcings over time. The reconstructed 
spatial patterns lead to important inferences regarding ENSO-scale variability, 
the spatial influences of climatic forcings, and the regional patterns that underlie 
large-scale climate variations. Here proxy-based annual global temperature 
pattern reconstructions described recently by Mann et al. are expanded upon. 
For the first time seasonally resolved versions of the proxy-reconstructed surface 
temperature patterns are presented, and the seasonal differences between key 
climate indices and patterns of variations are diagnosed. The reader is enabled 
to interactively examine spatial as well as temporal details (and their 
uncertainties) of yearly temperatures back in time for both annual-mean and 
seasonal windows. Annual and seasonal time histories of reconstructed Northern 
Hemisphere, Southern Hemisphere, and global-mean temperature are made 
available, as are time histories of the Niño-3 index describing El Niño–related 
variations, time histories for particular regions of interest such as North America 
and Europe, and time series for temperature variations in different (e.g., tropical 
and extratropical) latitude bands. Time histories for specific grid points are 
available along with their estimated uncertainties. Time histories for the different 
eigenvectors [i.e., the reconstructed principal components (RPCs)] are also 
available, along with the raw instrumental series, which underlie the temperature 
pattern reconstructions. For both the annual-mean and seasonally resolved 
temperature reconstructions, the reader can directly compare reconstructed 
patterns for different years, as well as the raw and reconstructed patterns during 
calibration and verification intervals, and view animated year-by-year sequences 
of reconstructed global temperature patterns. The statistical relationships 
between climate forcings and temperature variations are also analyzed in more 
detail, taking into account potential lagged responses to climate forcings in 
empirical attribution analyses. 
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Alaska and its implications for future global warming." The Holocene 3(3): 193-200. 
 In the event of global warming, there is considerable uncertainty whether 

northern ecosystems will act as an atmospheric CO2 sink or source. This study 
examines Holocene rates of soil carbon accumulation along a latitudinal transect 
in northern Alaska as an analogue for future change in the Arctic. Rates of 
carbon accumulation during the colder late-Holocene (4800-400 BP) varied from 
1.2 to 3.5 g C m-2 yr-1. During the warmer mid-Holocene (6900-4800 BP), the 
rate of carbon accumulation at Prudhoe Bay was significantly higher (6.7 g C m-2 
yr-1) than during the colder late-Holocene (1.2 g C m-2 yc-1). Both paleoclimatic 
and latitudinal trends support the argument that long-term carbon storage in far-
northern ecosystems (arctic and subarctic) increases with increasing 
temperature. This suggests that far-northern ecosystems will, over the long term 
(centuries to millenia), continue to act as a small sink (0.034-0.070 Gt yr-1) for 



atmospheric CO2 following global warming, which will provide a small negative 
feedback on global warming. However, recent studies also suggest the possibility 
that over the short term (decades to centuries), overall carbon loss from the 
Arctic might also provide a strong positive feedback on global warming. 

 
Marshall, J. D. and R. A. Monserud (1996). "Homeostatic gas-exchange parameters 
inferred from 13C/12C in tree rings of conifers." Oecologia 105(1): 13-21. 
 The CO2 concentration of the atmosphere has increased by almost 30% in the 

past two centuries, with most of the increase (>5 Pa) during the past 60 years. 
Controlled environment studies of crop plants dependent on the C3 
photosynthetic pathway indicate that an increase of this magnitude would 
enhance net photosynthesis, reduce stomatal conductance, and increase the 
difference in CO2 concentration across the stomata, i.e., CO2 concentration 
outside the leaf to that within (ca-ci). Here we report evidence, based on stable 
isotope composition of tree rings from three species of field-grown, native conifer 
trees, that the trees have indeed responded. However, rather than increasing ca-
ci, intercellular CO2 concentrations have shifted upward to match the rise in 
atmospheric concentrations, holding ca-ci constant. No differences were detected 
among Douglas-fir (Pseudotsuga menziesii), ponderosa pine (Pinus ponderosa), 
or western white pine (Pinus monticola). The values of ca-ci were inferred from 
stable carbon isotope ratio (d13C) of tree ring holocellulose adjusted for the 0.6–
2.6‰ difference between holocellulose and whole sapwood. The cellulose 
extraction removed contaminants deposited in the tree ring after it formed and 
the adjustment corrected for the enrichment of cellulose relative to whole tissue. 
The whole sapwood values were then adjusted for bublished estimates of past 
atmospheric d13CO2 and CO2 concentrations. To avoid confounding tree age 
with CO2, cellulose deposited by saplings in the 1980s was compared to 
cellulose deposited in the inner rings of nature trees when the mature trees were 
saplings, between 1910–1929 and 1941–1970; thus saplings were compared to 
saplings. In a separate analysis, the juvenile effect, which describes the tendency 
for d13C to increase in the first decades of a tree's life, was quantified 
independent of source CO2 effects. This study provides evidence that conifers 
have undergone adjustments in the intercellular CO2 concentration that have 
maintained ca-ci constant. Based on these results and others, we suggest that 
ca-ci, which has also been referred to as the intrinsic water-use efficiency, should 
be considered a homeostatic gas-exchange set point for these conifer species. 
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148-158. 
 A ca. 1400-yr record from a raised bog in Isla Grande, Tierra del Fuego, 

Argentina, registers climate fluctuations, including a Medieval Warm Period, 
although evidence for the ʻLittle Ice Ageʼ is less clear. Changes in temperature 
and/or precipitation were inferred from plant macrofossils, pollen, fungal spores, 



testate amebae, and peat humification. The chronology was established using a 
14C wiggle-matching technique that provides improved age control for at least 
part of the record compared to other sites. These new data are presented and 
compared with other lines of evidence from the Southern and Northern 
Hemispheres. A period of low local water tables occurred in the bog between 
A.D. 960–1020, which may correspond to the Medieval Warm Period date range 
of A.D. 950–1045 generated from Northern Hemisphere tree-ring data. A period 
of cooler and/or wetter conditions was detected between ca. A.D. 1030 and 1100 
and a later period of cooler/wetter conditions estimated at ca. cal A.D. 1800–
1930, which may correspond to a cooling episode inferred from Law Dome, 
Antarctica. Author Keywords: Climate change; Tierra del Fuego; Sphagnum 
mires; 14C wiggle-match dating; Medieval Warm Period; Little Ice Age 
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Research 62(3): 243-255. 
 Although the dramatic climate disruptions of the last glacial period have received 

considerable attention, relatively little has been directed toward climate variability 
in the Holocene (11,500 cal yr B.P. to the present). Examination of 50 globally 
distributed paleoclimate records reveals as many as six periods of significant 
rapid climate change during the time periods 9000–8000, 6000–5000, 4200–
3800, 3500–2500, 1200–1000, and 600–150 cal yr B.P. Most of the climate 
change events in these globally distributed records are characterized by polar 
cooling, tropical aridity, and major atmospheric circulation changes, although in 
the most recent interval (600–150 cal yr B.P.), polar cooling was accompanied by 
increased moisture in some parts of the tropics. Several intervals coincide with 
major disruptions of civilization, illustrating the human significance of Holocene 
climate variability. Keywords: Climate; Rapid climate change; Holocene; Solar 
variability 
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climate change at Whitewing Mountain and San Joaquin Ridge, Mono County, Sierra 
Nevada, CA, USA." Quaternary Research 66(2): 273-287. 
 Deadwood tree stems scattered above treeline on tephra-covered slopes of 

Whitewing Mtn (3051 m) and San Joaquin Ridge (3122 m) show evidence of 
being killed in an eruption from adjacent Glass Creek Vent, Inyo Craters. Using 
tree-ring methods, we dated deadwood to AD 815–1350 and infer from death 
dates that the eruption occurred in late summer AD 1350. Based on wood 
anatomy, we identified deadwood species as Pinus albicaulis, P. monticola, P. 
lambertiana, P. contorta, P. jeffreyi, and Tsuga mertensiana. Only P. albicaulis 
grows at these elevations currently; P. lambertiana is not locally native. Using 
contemporary distributions of the species, we modeled paleoclimate during the 
time of sympatry to be significantly warmer (+3.2°C annual minimum 
temperature) and slightly drier (−24 mm annual precipitation) than present, 



resembling values projected for California in the next 70–100 yr. 
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measurements at various scales." Tellus B 55(2): 207-214. 
 In this paper we describe some new approaches for calculating isotopic 

discrimination from atmospheric measurements of CO2 and 03B413C. We 
introduce a framework that is more flexible than the traditional "Keeling plot" two 
end-member mixing model, because it allows for the explicit specification of the 
background values of both CO2 and 03B413C. This approach is necessary for 
evaluating time series for which one can be certain that the Keeling plot 
requirement of stable background is violated. We also discuss a robust method 
for curve fitting and for estimating uncertainty of the fitting parameters. In addition 
to accounting for the uncertainty associated with measurements, we also account 
for the uncertainty associated with the appropriateness of the analytical model to 
the data. Our analysis suggests that uncertainty in calculated source signatures 
is more strongly related to the appropriateness of the model to the data than to 
the analytical precision of CO2 and 03B413C measurements. Relative to our 
approach, other approaches tend to underestimate the uncertainty in the fitted 
parameters. There can be substantial uncertainty in slopes and intercepts (two 
per mil or more) even if R2 is greater than 0.98. In addition, we note that fitting 
methods not accounting for uncertainty in both x and y result in systematic biases 
in the fitted parameters. Finally, we discuss the interpretation of the apparent 
isotopic source signature when this is a composite of several sources. 
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 Vegetation changes during the past 1300 years are reconstructed in western 

equatorial Africa using a high-resolution pollen record from Lake Kamalete This 
small marshy   basin (c. 5-7 ha) is located in forest-savanna mosaic in Lope 
Reserve (043'S, 116'E), central Gabon. The Kamalete pollen data show the 
persistence over the past 1300 years of a relatively stable forest-savanna 
mosaic, associated with significant changes of the forest component. Three 
successive stages   of forest dynamics occurred. First, at 1325 cal. BP, moist 
semi-evergreen rainforest existed around the catchment of Lake Kamalete. 
However, it appears from the   consistent presence of > 70% Gramineae pollen 
that the site was always primarily in savanna. Secondly, from c. 1240 to 550 cal 
BP, a noticeable increase in shade-intolerant plant species indicate openings in 
the rainforest canopy. The persistence of gap-colonizer species, such as 
Macaranga, Tetrorchidium and  Musanga for several centuries in the rainforest, is 
explained by recurring canopy disturbance associated with shifts in available 



moisture. These hydrological  changes may be related to a succession of longer 
and more severe dry seasons than observed today. Thirdly, at 550 cal BP, 
mature forest was re-established,   corresponding to progressive savanna 
colonization by forest pioneer species such as Aucoumea klaineana, Lophira 
alata and Fagara macrophylla. This   new phase of forest expansion coincided 
with a marked lithological change, indicating an increase in lake-level. It is 
concluded that the major vegetation   changes observed are due to climatic 
variability, and anthropogenic action had limited influence. 
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 The underlying causes of late-Holocene climate variability in the tropics are 

incompletely understood. Here we report a 1,500-year reconstruction of climate 
history and glaciation in the Venezuelan Andes using lake sediments. Four 
glacial advances occurred between anno Domini (A.D.) 1250 and 1810, 
coincident with solar-activity minima. Temperature declines of –3.2 ± 1.4°C and 
precipitation increases of {approx}20% are required to produce the observed 
glacial responses. These results highlight the sensitivity of high-altitude tropical 
regions to relatively small changes in radiative forcing, implying even greater 
probable responses to future anthropogenic forcing. 
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variations and North Atlantic drift-ice tracers." Quaternary Research 65: 443-449. 
 Eighteen radiocarbon-dated eolian and paleosol profiles within a 1500-km-long 

belt along the arid to semi-arid transition zone of north-central China record 
variations in the extent and strength of the East Asian summer monsoon during 
the Holocene. Dated paleosols and peat layers represent intervals when the zone 
was dominated by a mild, moist summer monsoon climate that favored 
pedogenesis and peat accumulation. Brief intervals of enhanced eolian activity 
that resulted in the deposition of loess and eolian sand were times when 
strengthened winter monsoon conditions produced a colder, drier climate. The 
monsoon variations correlate closely with variations in North Atlantic drift-ice 
tracers that represent episodic advection of drift ice and cold polar surface water 
southward and eastward into warmer subpolar water. The correspondence of 
these records over the full span of Holocene time implies a close relationship 
between North Atlantic climate and the monsoon climate of central China. 

 
Quay, P. D., B. Tilbrook, et al. (1992). "Oceanic Uptake of Fossil Fuel CO2: Carbon-13 
Evidence." Science 256(5053): 74-79. 
 The [dgr]13C value of the dissolved inorganic carbon in the surface waters of the 

Pacific Ocean has decreased by about 0.4 per mil between 1970 and 1990. This 
decrease has resulted from the uptake of atmospheric CO2 derived from fossil 
fuel combustion and deforestation. The net amounts of CO2 taken up by the 



oceans and released from the biosphere between 1970 and 1990 have been 
determined from the changes in three measured values: the concentration of 
atmospheric CO2, the [dgr]13C of atmospheric CO2 and the [dgr]13C value of 
dissolved inorganic carbon in the ocean. The calculated average net oceanic 
CO2 uptake is 2.1 gigatons of carbon per year. This amount implies that the 
ocean is the dominant net sink for anthropogenically produced CO2 and that 
there has been no significant net CO2 released from the biosphere during the 
last 20 years. 
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 Here we present a high-resolution marine sediment record from the El Niño 

region off the coast of Peru spanning the last 20,000 years. Sea surface 
temperature, photosynthetic pigments, and a lithic proxy for El Niño flood events 
on the continent are used as paleo–El Niño–Southern Oscillation proxy data. The 
onset of stronger El Niño activity in Peru started around 17,000 calibrated years 
before the present, which is later than modeling experiments show but 
contemporaneous with the Heinrich event 1. Maximum El Niño activity occurred 
during the early and late Holocene, especially during the second and third 
millennium B.P. The recurrence period of very strong El Niño events is 60–80 
years. El Niño events were weak before and during the beginning of the Younger 
Dryas, during the middle of the Holocene, and during medieval times. The 
strength of El Niño flood events during the last millennium has positive and 
negative relationships to global and Northern Hemisphere temperature 
reconstructions. 
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 High-resolution analyses of the elemental composition of calcite and biogenic 

silica (BSi) content in piston cores from Lake Edward, equatorial Africa, 
document complex interactions between climate variability and lacustrine 
geochemistry over the past 5400 years. Correlation of these records from Lake 
Edward to other climatically-forced geochemical and lake level records from 
Lakes Naivasha, Tanganyika, and Turkana allows us to develop a chronology of 
drought events in equatorial East Africa during the late Holocene. Major drought 
events of at least century-scale duration are recorded in lacustrine records at 
about 850, 1500, not, vert, similar2000, and 4100 cal year BP. Of these, the most 
severe event occurred between about 2050 and 1850 cal year BP, during which 
time Lake Edward stood about 15 m below its present level. Numerous additional 
droughts of less intensity and/or duration are present in the Lake Edward record, 
some of which may be correlated to other lacustrine climate records from 
equatorial East Africa. These events are superimposed on a long-term trend of 
increasingly arid conditions from 5400 to about 2000 cal year BP, followed by a 



shift toward wetter climates that may have resulted from an intensification of the 
winter Indian monsoon. Although the causes of decade- to century-scale climate 
variability in the East African tropics remain obscure, time-series spectral 
analysis suggests no direct linkage between solar output and regional rainfall. 
Rather, significant periods of not, vert, similar725, not, vert, similar125, 63–72, 
31–25, and 19–16 years suggest a tight linkage between the Indian Ocean and 
African rainfall, and could result from coupled ocean-atmosphere variability 
inherent to the tropical monsoon system. 
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 It has long been accepted that interannual fluctuations in sea surface 

temperature (SST) in the Atlantic are associated with fluctuations in seasonal 
Atlantic basin tropical cyclone frequency. To isolate the physical mechanism 
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latitudes, although amplified toward the poles. Existing records reveal an 
increase in high-latitude sea surface temperatures (SSTs) (8{degrees} to 
10{degrees}C) and in bottom water temperatures (4{degrees} to 5{degrees}C). 
To date, however, the character of the tropical SST response during this event 
remains unconstrained. Here we address this deficiency by using paired oxygen 
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from a tropical Pacific core to estimate changes in SST. Using mixed-layer 
foraminifera, we found that the combined proxies imply a 4{degrees} to 
5{degrees}C rise in Pacific SST during the PETM. These results would 
necessitate a rise in atmospheric pCO2 to levels three to four times as high as 
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(60°43'S, 45°38'W). Oxygen-isotope and   particle-size analysis provide a 
sensitive record of hydrological events in the lake arising from local and regional 
climate phenomena. The climate affects {delta}18O through snowpack volume 
and glacier activity in the  catchment, lakewater temperatures, the input versus 
evaporation balance and the duration of seasonal lake ice cover. The most 
depleted (negative) {delta}18O values are associated with influxes of meltwater 
at times   of glacier advance or retreat. Enriched (positive) {delta}18O values 
occur during more arid, warmer conditions with longer periods of open water in 
summer. This isotope record can be used to determine century-scale to decadal 
variability in air circulation and moisture origin. Strong similarities with other Holo 
cene proxy records from the Weddell Sea and Antarctic Peninsula Region are 
apparent, including the mid-Holocene climate optimum followed by the Neoglacial 
and,   most recently, late twentieth-century climatic warming. The oxygen-isotope 
record from Sombre Lake illustrates the importance of remote islands in contribu 
ting to   our understanding of teleconnections in atmospheric and oceanographic 
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 The climatic evolution of the Altai Mountains (Southern Siberia) has been 
reconstructed for the last eight centuries from high-resolution analysis of the 
sediment of Lake Teletskoye. 137Cs and 14C age estimates indicate a mean 
sedimentation rate of about 1 mm/year, with each analyzed sample 
corresponding to 1–5 year intervals. From sediment analysis and statistical 
treatments, a model is proposed for a correlation between changes in the 
sedimentary facies during the past 160 years and climatic parameters based on 
meteorological records available for this period. By further extending this 
ʻcalibrationʼ of sedimentary proxy responses over the estimated past 800 years, 
several distinct intervals indicative of regional climate change are found in Lake 
Teletskoye records. For instance, from 1210 to 1480 the climate appears to have 
been warmer and more humid than today. Between 1480 and 1580, regional 
climate became more cool and arid. Over the interval from 1580 to 1840, climate 
conditions were cool and arid, whereas after 1840, annual average temperatures 
seem to have increased. Lithologic responses suggest that several short 
impulses of drought in the region might have taken place during the past 800 
years. 

 
Kitagawa, H. and E. Matsumoto (1995). "Climatic implications of δ13C variations in a 
Japanese cedar (Cryptomeria japonica) during the last two millennia." Geophysical 
Research Letters 22: 2155-2158. 
 Tree-ring δ13C of both modern Japanese cedars, and of a giant Japanese cedar 
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the tree-ring δ13C time series revealed a resemblance of that of other climatic 
proxy, and the presence of the well-known periodicity (ca 90 and near 200 
years), characteristic of tree-ring Δ14C, governed by solar modulation of galactic 
cosmic rays. Supporting evidence for a Sun-climate relationship was presented.  
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influence on the Indian summer monsoon. However, the effect of the small (<1%) 
decade to century scale solar variability is less certain. Evidence is emerging that 
Earth's climate is sensitive to small changes in solar output on centennial time 
scale during the Holocene. Comparison of a recently published proxy record for 



sunspot activity with our newly-revised higher-resolution record of the Indian 
summer monsoon winds reveals multiple intervals of weak summer monsoon 
during the Holocene at multidecadal to centennial scales. Weak summer 
monsoon winds correlate with reduced solar output. Our results suggest that 
small changes in solar irradiance can bring pronounced changes in the tropical 
monsoon. The multidecade to century scale variations in the monsoon winds 
were much larger in the early Holocene coincident with increased sunspot 
numbers. 
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(TN) over the past 1400 years. In this hydrologically closed lake, TIC variations 
may reʻ ect changes in the precipitation/evaporation ratio, which controls the 
evaporative enrichment of carbonate. TOC, BS and TN in the sediment are proxy 
indicators of lake productivity   and nutrient input, which we believe are linked to 
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BS and TN, and indicates two   drought episodes dated to ad 670–760 and ad 
880–1260 in the sediments of Lake Huguangyan. Local historical chronicles 
support these data,   suggesting that the climate of tropical South China was dry 
during the ʻMediaeval Warm Periodʼ (MWP) and wet during the ʻLittle Ice Ageʼ 
(LIA). The detected MWP drought is temporally   correlated with evidence for 
lower precipitation on the Guliya (China) and Quelccaya (Peru) ice caps, and with 
increased salinity in Moon Lake (US Great Plains). 
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 Core A9-EB2 from the eastern Bransfield Basin, Antarctic Peninsula, consists of 

pelagic (diatom ooze-clay couplets and bioturbated diatom ooze) and 
hemipelagic (bioturbated mud) sediments interbedded with turbidites 
(homogeneous mud and silt–clay couplets). The cyclic and laminated nature of 
these pelagic sediments represents alternation between the deposition of diatom-
rich biogenic sediments and of terrigenous sediments. Sediment properties and 
geochemical data explain the contrasting lamination, with light layers being finer-
grained and relatively rich in total organic carbon and biogenic silica content. 
Also, the high-resolution magnetic susceptibility (MS) variations highlight distinct 
features: high MS values coincide with clastic-rich sections and low MS values 



correspond to biogenic sections. The chronology developed for core A9-EB2 
accounts for anomalous ages associated with turbidites and shows a linear 
sedimentation rate of approximately 87 cm/103 yr, which is supported by an 
accumulation rate of 80 cm/103 yr calculated from 210Pb activity. The late 
Holocene records clearly identify Neoglacial events of the Little Ice Age (LIA) and 
Medieval Warm Period (MWP). Other unexplained climatic events comparable in 
duration and amplitude to the LIA and MWP events also appear in the MS record, 
suggesting intrinsically unstable climatic conditions during the late Holocene in 
the Bransfield Basin of Antarctic Peninsula. 

 


