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Japanese Paleoscience

Editors:

Takeshi Nakatsuka, Ryuji Tada, Kenji Kawamura
and Lucien von Gunten
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During the “Edo” era in Japan from the 17" to 19" century, corresponding to the Little Ice
Age period, cold and rainy summers often caused serious famines in Japan, such as the
“Tenpo famine” in the 1830s when this picture was painted.



Announcements
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PAGES publications

Publications resulting from PAGES activi-
ties over the last months are too numerous
to be mentioned individually here, but you
can browse them in our products database
on the PAGES website. Nevertheless, three
PAGES working groups (WGs) produced oeu-
vres in the form of special issues that deserve
highlighting: The PALSEA WG published a
special issue in Earth and Planetary Science
Letters, the Global Monsoon WG in Climate
Dynamics, and the LOTRED South America
WG in Climate of the Past. All are listed and
linked in the PAGES product database.

The Goa meetings

Anticipation is mounting about the rap-
idly approaching 4% PAGES Open Science
Meeting (OSM) and 2™ Young Scientists
Meeting (YSM), which will be held in February
2013 in Goa, India. The OSM will not only be
a forum for the exchange of latest research
results, but also one for open discussions on
the best way forward for our research field,
particularly in the context of changing scien-
tific boundary conditions as envisioned by
the Future Earth process (see page 89). The
scientific OSM program will have plenary,
parallel, and poster sessions and a public lec-
ture. The 588 accepted OSM abstracts are an
indication that we can look forward to a most
lively event. Although abstract submission is
closed, registration will remain open until the
event itself for the more spontaneous attend-
ees. The two days prior to the OSM will be all
about the next generation of paleoscientists.
During the YSM, 80+ competitively selected
participants will talk science, train their pro-
fessional skills, and forge connections across
disciplinary and regional boundaries.

Staff updates

Saadia Igbal has joined the PAGES
International Project Office (IPO), replacing

Anand Chandrasekhar as the new PAGES
Project and Communications Officer. Saadia,
a US citizen, has a background as a writer
and editor. Before joining PAGES she worked,
among other places, at the World Bank and
National Geographic Magazine. We welcome
Saadia to PAGES and are looking forward to
working with her!

Guest scientists

Two early-career researchers, Emma Stone
and Emilie Capron, spent two months this fall
at the PAGES IPO to guest-edit the upcoming
PAGES newsletter issue. The issue was initiat-
ed by the European project Past4Future and
will focus on interglacial climate, specifically
the last interglacial and the Holocene. Emma,
a postdoc at the School of Geographical
Sciences at the University of Bristol, UK, stud-
ies the climate of past warm periods using cli-
mate models of varying complexity. Emilie, a
postdoc at the British Antarctic Survey, UK, is
an ice core scientist studying the past evolu-
tion of firns and the temporal evolution of the
last interglacial climate in polar and sub-polar
regions. The guest-editing by the two young
researchers was intended to add to their pro-
fessional skill set. They indeed learned fast
and well and the product is something to
look forward to. Their newsletter issue will
come out in early 2013.

If you are also interested in spending
time as a guest scientist at the PAGES office to
workin afocused way on PAGES-related work
for a period of a few days to several months,
get in touch and send us your application.
Find detailed information on the website un-
der My PAGES > Get involved.

SSC nominations

Earlier in the year than usual, PAGES is invit-
ing nominations of scientists to serve on its
Scientific Steering Committee (SSC). The SSC
is the body responsible for overseeing PAGES

activities. Scientists who serve on the SSC nor-
mally do so initially for a period of three years,
with potential for renewal for an additional
term. Up to three new members who can
contribute to a committee that is balanced
in terms of expertise, geography, and gender
are sought to join in 2014. The deadline for
sending in nominations is 10 January 2013,
so as to be in time for discussion at the SSC
meeting directly following the Open Science
Meeting. Please refer to the PAGES website
for nomination guidelines (My PAGES > Get
Involved).

Meeting support

The next deadline for applying for PAGES
meeting support is 10 January 2013, for eval-
uation by the PAGES SSC in mid-February.
Support can be sought for workshop-style
meetings relevant to PAGES Foci and Cross
Cutting Themes. The three meeting catego-
ries eligible include PAGES Working Group
workshops, an open call for other PAGES-
relevant workshops, and one for educational
meetings. Application guidelines and online
forms can be found on the PAGES website
(My PAGES > Meeting Support).

Next newsletter issues

The next two issues of PAGESnews will show-
case special sections on the last two inter-
glacials and on ENSO, respectively. While the
interglacial issue is closed, suitable articles on
ENSO may still be included. Contact Pascal
Braconnot  (pascale.braconnot@lsce.ipsl.fr)
before 31 December 2012. As always, you
are invited to submit Science Highlights,
Program News, and Workshop Reports for
the Open Section of PAGESnews. Find author
guidelines on the PAGES website

(My PAGES > Newsletter).

@ 50 Pressing Questions in Paleoecology

13- 14 Dec 2012 - Oxford, UK

@ PAGES YSM&OSM 2013
11-16 Feb 2013 - Goa, India

@ 3™ PAGES 2k Network Meeting

12 Feb 2013 - Goa, India

@ 5™ PIGS Workshop
04 - 06 Mar 2013 - Louvin, Belgium

@ Euro-Med2k Workshop

25 - 26 Mar 2013 - Reading, UK

@ South American Paleoecology Workshop
01 - 12 Apr 2013 - Santiago, Chile

@ Chironomid Workshop
10 - 12 Jun 2013 - Southampton, UK

@ 12" NCCR Climate Summer School
01 - 06 Sep 2013 - Grindelwald, Switzerland

PAGES news « Vol 20 « No 2 « December 2012



Editorial: How does research in Japan contribute to the
global body of paleoscientific knowledge?

TakesHI NAKATSUKA', Ryusi TADAZ AND Kensi KAWAMURA®

'Graduate School of Environmental Studies, Nagoya University, Japan; nakatsuka.takeshi@f. mbox.nagoya-u.acjp
“Department of Earth and Planetary Sciences, The University of Tokyo, Japan; *National Institute of Polar Research, Tokyo, Japan

Despite its long tradition, Japanese
paleoscience was not well rep-
resented in the scientific world until
recently. This may be partly due to
Japan’s geographical location at the
eastern rim of the Eurasian continent,
far away from the scientific hotspots
of Europe and North America. In addi-
tion, numerous publications were writ-
ten in Japanese and have not yet been
translated.

To strengthen the contact with the
Japanese paleoscience community and
to highlight the diversity of Japanese
paleoresearch, a PAGES Regional
Workshop was held in Nagoya, Japan
in 2010, alongside the PAGES Scientific
Steering Committee meeting. That
workshop resulted in the idea of a
dedicated special section of the PAGES
newsletter. The following thirteen sci-
ence highlights showcase to the global
community a cross-section of Japanese
contributions to paleoscience.

The North Pacific Ocean around
Japan was for a long time one of the
most under-researched areas in pale-
oceanography due to the very deep
waters and the resulting scarcity of
calcareous microfossils in the sedi-
ments. However, by taking advantage
of recent progress in sediment coring
technology (e.g. through the IMAGES
program), Japanese scientists now
have access to many new sediment
cores. For example, Okazaki et al. used
cores from sea mounts and continental
slopes to demonstrate that deep-wa-
ter ventilation occurred in the North
Pacific during the deglacial as it does
today in the North Atlantic. Recent
studies in the western North Pacific
Region (Harada et al., Nagashima and
Tada, and Yamamoto) also show that
the western North Pacific and its mar-
ginal seas are well suited to reconstruct
millennial-scale climate variability.

Climate in East Asia, including
Japan, is characterized by the strong

Asian summer and winter monsoon,
resulting in a meridional “green” belt
extending from the equator to the sub-
arctic uninterrupted by any major mid-
latitude desert. The monsoon signal is
well preserved in the sediments of Lake
Biwa, one of the most studied lakes in
Japan (Takemura). At the northwestern
coast of Japan, the strong seasonal-
ity intrinsic to the monsoon has led to
the formation of distinct varve layers
in the brackish lake sediments of Lake
Suigetsu. Detailed counting of varve
layers up to 150 ka by Nakagawa et al.
revealed details of climate variations
over the entire last glacial-interglacial
cycle. Moreover, with several hun-
dreds of "C data of plant fragments in
the dated varve layers, Lake Suigetsu
is now becoming a new international
standard for ™C calibration.

Asian summer monsoon often fa-
vors dense forests where it is difficult
to extract significant paleoclimate sig-
nals from tree-ring width. Alternatives
are presented by Sano et al. and
Watanabe et al. They indicate that
oxygen isotope ratios of tree-ring cel-
lulose and oxygen and carbon isotope
ratios in stalagmites are good proxies
for past hydroclimate in the humid
tropical-subtropical regions of Asia.
Finally, data from glacial ice cores in
high mountains (Fujita and Sakai) and
from coral cores in subtropical islands
(Suzuki) help elucidate past changes in
Asian monsoon dynamics.

Japan has a very long history and a
unique cultural heritage. Japanese pa-
leoscientists have been utilizing many
precious cultural artifacts, such as doc-
umentary information, to reconstruct
past variations in climate and environ-
ment. One of the significant features in
Japanese culture is that, until the 19t
century, most buildings in Japan were
made of wood. The construction tim-
ber can be recovered from old build-
ings or excavated at archeological
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sites, and utilized for high-resolution
climate reconstructions. When cou-
pled with A™C and §'®0 analyses, these
studies can even help in elucidating
impacts of changes in solar activity on
Earth’s past climate (Miyahara et al.).

In Japan, the quantity of historical
private and governmental documents
and their conservation is remarkable,
reflecting the high literacy rates in pre-
modern Japan. By assembling numer-
ous weather descriptions in national
diary archives, daily meteorological
conditions in Japan, including weath-
er charts, have been quantitatively
reconstructed for the last 400 years
(Zaiki). Historical documents not only
describe daily weather but often also
local environmental conditions such as
deforestation and animal extinction,
together with the population’s (politi-
cal) reactions to those environmental
changes. Yumoto has led a unique re-
search project involving historians and
archeologists, and reports how the
Japanese environment has been man-
aged in the past and what lessons can
be learned for the sustainable man-
agement of ecosystems.

Compared to Europe and North
America, past climatic and environ-
mental changes in the western North
Pacific and East Asian regions, and
their role in the global system, are still
poorly understood. Many interesting
challenges remain for Japanese and
Asian paleoscientists, together with
colleagues from elsewhere, to eluci-
date the unique climate and environ-
ment in this region.
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Ocean circulation in the North Pacific during the last

glacial termination

Yusuke Okazaki'?, A. TIMMERMANN?, L. MenvieL?, M.O. CHikamoTo?, N. HARADA? AND A. ABE-OucHI>®

'Department of Earth and Planetary Sciences, Kyushu University, Fukuoka, Japan; yokazaki@geo kyushu-u.acjp

“Research Institute for Global Change, Japan Agency for Marine-Earth Science and Technology, Yokosuka, Japan; *International Pacific Research
Center, School of Ocean and Earth Science and Technology, University of Hawaii, Honolulu, USA; “Climate Change Research Centre, University of
New South Wales, Sydney, Australia; >Atmosphere and Ocean Research Institute, University of Tokyo, Kashiwa, Japan

Sedimentary and modeling evidence presume a major deglacial switch between the sites of deepwater
formation in the North Atlantic and North Pacific. These results suggest that the North Pacific may have played
a more prominent role in organizing the global ocean circulation and shifting climate regimes than previously

thought.

he North Pacific is considered a ter-

minal region of the “Ocean’s Conveyer
belt circulation”. Abyssal waters from the
south flow into the North Pacific, upwell
to mid-depth, mix with surrounding wa-
ters, and return south (Schmitz 1996). In
this configuration and as a result of mix-
ing, the present North Pacific is charac-
terized by high concentrations of surface
nutrients, thus promoting high biologi-
cal productivity. Today, no deep water
forms in the North Pacific in response
to surface buoyancy fluxes because the
surface water of the North Pacific is not
saline and dense enough to trigger deep
convection and downwelling (Warren
1983). However, in certain areas, such
as the Okhotsk Sea, surface conditions
are still favorable to form North Pacific
Intermediate Water (NPIW) to depths of
about 300 to 800 m (Talley 1993).

Last Glacial Maximum
The glacial Pacific Ocean had two water

masses: well-ventilated and nutrient-
depleted glacial NPIW above ~2000
m and less-ventilated and nutrient-

enriched deep water below ~2000 m
(Keigwin 1998; Matsumoto et al. 2002).
Compared to today, the NPIW volume
under glacial conditions was significantly
higher extending down to about 2000
m. Microfossil (Ohkushi et al. 2003) and
neodymium isotope data (Horikawa et al.
2010) suggest that the glacial NPIW pos-
sibly originated from the Bering Sea. This
“stratified” water mass structure of the
glacial North Pacific prevented upwelling
of nutrient-rich deep waters. Thus, bio-
logical productivity in the glacial North
Pacific was relatively low (Narita et al.
2002; Jaccard et al. 2005; Galbraith et al.
2007; Brunelle et al. 2010).
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Last Glacial Termination

Major reorganization of water-mass struc-
ture in the North Pacific occurred during
the last glacial termination, when a strati-
fied glacial mode transformed to an up-
welling interglacial mode. During the ear-
ly period of the termination between 17.5
and 15 ka BP, the Meridional Overturning
Circulation (MOCQ) in the Atlantic substan-
tially weakened (McManus et al. 2004)
due to freshwater forcing by melting
icebergs in the North Atlantic (Heinrich
event 1; H1). A compilation of sedimenta-
ry radiocarbon ventilation records in the
North Pacific and freshwater perturbation
experiment mimicking a Heinrich event
performed with the earth system model
of intermediate complexity, LOVECLIM,
suggest that deep water formation in
the North Pacific extended to a depth of
~2500 to 3000 m during H1 (Fig. 1 and 2;
Okazaki et al. 2010; Menviel et al. 2011).
The establishment of the Pacific MOC
during times of Atlantic MOC weakening
could have played an important global
role in regulating poleward oceanic heat
transport during H1.

During the Boglling-Allerod period
(15-13.0 ka BP) and after the Younger
Dryas (13-11.5 ka BP), the ocean circula-
tion in the North Pacific resumed to an in-
terglacial mode without deep-water for-
mation, similar to the modern condition.
At the beginning of the Bolling-Allergd,
productivity in the subarctic Pacific rose
rapidly (Crusius et al. 2004; Galbraith et
al. 2007; Brunelle et al. 2010) in associa-
tion with enhanced upwelling and break-
down of the glacial stratification.

The Atlantic MOC was weakened dur-
ing the Younger Dryas event, but not as
much as during H1 (McManus et al. 2004).
Oceanic ventilation in the North Pacific
during the Younger Dryas appeared to be

Figure 1: Ventilation age changes based on published radiocarbon data in the western North Pacific between
900 and 2800 m water depths (Okazaki et al. 2010). Reconstructed ventilation change based on the '“C age offset
between co-existing benthic (BF) and planktic foraminifers (PF; open diamonds), projection ages (considering
atmospheric “C change; gray circles), and smoothed spline interpolation of averaged BF-PF age offsets and projec-
tion ages (blue line). H1: Heinrich event 1.

stronger than that of the Bolling-Allerad
possibly responding to the MOC weaken-
ing in the Atlantic. However, it is unclear
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whether an MOC was established or not
in the Pacific during the Younger Dryas.

Role of the Bering Strait

Modeling studies demonstrate that a
closed Bering Strait (sill depth 50 m) is re-
quired for the build-up and maintenance
of higher surface salinity in the North
Pacific during Heinrich events (Saenko
et al. 2004; Hu et al. 2007; Okazaki et al.
2010), which is a precondition for es-
tablishing MOC in the Pacific. The role
of the final opening of the Bering Strait
between 11 and 12 ka BP (Keigwin et al.
2006) in the transition from the glacial to
the modern NPIW regime is still not well
understood.

Perspectives

Different thrusts have to be pursued to
further elucidate the effects of North
Pacific Ocean circulation changes on
global climate change.

1. Model intercomparison

The establishment and extent of a Pacific
MOC following an Atlantic MOC weaken-
ing are model-dependent (Chikamoto et
al. 2012; Hu et al. 2012). Further model
intercomparison studies should be per-
formed to test the robustness of the pro-
posed mechanism for the Pacific MOC
set up as well as its extent in the North
Pacific.

2. Error reduction for reconstructed
ventilation records

As shown in Fig. 1, reconstructed ventila-
tion data still have substantial errors. This
is mainly caused by large uncertainties of
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Figure 2: Zonally averaged simulated radiocarbon age anomalies in the North Pacific between a collapsed Atlantic
MOC state and the preindustrial control simulation. Squares indicate projection age anomalies for the deglacial
H1 period reconstructed from western North Pacific sediment cores (Okazaki et al. 2010).

the marine reservoir effect in the conver-
sion from radiocarbon age to calendar
age. In order to constrain the regional
marine reservoir effect, precise age dat-
ing for the targeted sample is fundamen-
tal. High-resolution magnetostratigraphy
and tephra chronology are potential
tools for evaluating past regional marine
reservoir ages.

3. Reconstruction of the Bering Strait
gateway history

The Bering Strait opened and closed nu-
merous times during the last glacial cycle
(e.g. Brigham-Grette 2001). However, the

detailed history is not reconstructed yet,
but would provide new insights on the
impact of this gateway on past global
ocean circulation and climate change.
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North Pacific - North Atlantic linkages during the Last

Glacial Termination

Naomi HaraDA', A. TimmerMANN?, M. Sato’, O. Seki3, Y. Nakamura', K. Kimoto', Y. Okazaki®, K. NaGgasHIMA?, S.A. GORBARENKO®, L. MENVIELS,

M.O. CHikamoto? AND A. ABe-OucHi'’

'Research Institute for Global Change, Japan Agency for Marine-Earth Science and Technology, Japan; haradan@jamstec.go.jp

“International Pacific Research Center (IPRC), University of Hawaii, USA; 3Institute of Low Temperature Science, Hokkaido University, Japan; “In-
stitute for Advanced Study, Kyushu University, Japan; *V.LII'ichev Pacific Oceanological Institute, Far East Branch of Russian Academy of Science,
Russia; °Climate Change Research Centre, University of New South Wales, Australia; ’Atmosphere and Ocean Research Institute, The University of

Tokyo, Japan

Statistical multivariate analysis of a new compilation of alkenone-derived sea surface temperatures from the
western North Pacific indicates a coherent mode of millennial-scale variability that is closely linked to the
deglacial changes of the Atlantic Meridional Overturning Circulation.

he mid- to high-latitude region of the

western-central North Pacificincluding
its marginal seas is an essential area for un-
derstanding paleoclimate change across
Asia. Surface seawater conditions such as
temperature (SST) and salinity (SSS) in this
region play a key role in controlling the
sinking branch of the Pacific Meridional
Overturning Circulation. For instance, the
formation of Dense Shelf Water (Martin
et al. 1998) on the continental shelf of
the northwestern Okhotsk Sea is affected
by autumn SST (Ogi et al. 2001), SSS, and
the sea-ice extent (Sakamoto et al. 2005).
Sea-ice extent has a direct effect on the
volume and characteristics of Okhotsk Sea
Intermediate Water, a key component of
the North Pacific Intermediate Water (Tally
and Nagata 1995). Moreover, large-scale
changes of temperature and salinity can

weaken the stratification in the Bering Sea
and lead to the formation of Pacific deep
water, as described in Okazaki et al. (2010).

Understanding the drivers of North
Pacific surface density changes during the
large-scale climate transition of the last
deglaciation may provide important in-
sights into an often-overlooked branch of
the global ocean conveyor belt circulation
and its effect on climate and the global
carbon cycle.

Here, we focus on the SST contribu-
tion to the surface density changes in the
North Pacific. Despite previous efforts to
synthesize compilations of deglacial SST
(Kiefer and Kienast 2005), gaps still re-
main in our understanding of SST varia-
tions in sinking and subduction regions
in the mid- to high-latitude western-
central North Pacific. We present a new

Okhotsk Sea
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Figure 1: Sediment core locations in the western—central North Pacific and the Okhotsk and Japan Seas. Numbers
indicate the coring sites as in Harada et al. (2012). Arrows show the average direction of flow of surface waters,
with red and blue arrows indicating warm and cold currents, respectively. EKC, East Kamchatka Current; WSAW,
Western Subarctic Water, ESC, East Sakhalin Current; SWC, Soya Warm Current; TSWC, Tsushima Warm Current;
OKIZ, Oyashio—Kuroshio interfrontal zone; WSG, Western subarctic gyre.
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compilation of SST reconstructions for
the last deglaciation derived from the U,
-index of alkenones (Brassell et al. 1986;
Prahl and Wakeham 1987) from the west-
ern-central North Pacific. We discuss how
these SST responded to millennial-scale
variability in the North Atlantic during the
last deglaciation, including Heinrich Event
1 (H1, 17.5-14.6 ka), the Bglling-Allerad
period (B-A, 14.6-12.8 ka), and the Younger
Dryas (YD, 12.8-11.5 ka) through associat-
ed changes in the atmospheric circulation.

Interpretation of alkenone SST

Alkenone-SSTs  were reconstructed
from 19 sites in the North Pacific (Fig. 1).
Alkenone-SSTs are likely to exhibit season-
al biases towards early summer to autumn
in the Okhotsk Sea (Seki et al. 2007) and
western-central North Pacific (Harada et
al. 2004; Minoshima et al. 2007) but rep-
resent more evenly weighted near-annual
mean SST in the Sea of Japan (Ishiwatari et
al. 2001). In a sediment-trap study in the
western North Pacific (40-50°N), Harada
et al. (2006) found that the season of the
maximum alkenone export flux varied
from the beginning of summer to late
autumn, and the export period corre-
sponded to the period when stratification
had developed in the surface-subsurface
layer. The light-limitation depth is also
critical for alkenone producers (Harada et
al. 2006). Thus calm conditions and high
surface-subsurface light intensity are im-
portant for alkenone producers, and their
main growing season might shift depend-
ing on when adequate conditions for their
active growth occur. The high adaptability
of alkenone producers might have often
caused seasonal biases for alkenone-SST
depending on the conditions at the coring
locations.

Pacific-Atlantic SST linkages

An empirical orthogonal function (EOF)
analysis was conducted for alkenone-SSTs
of the interval 22-8 ka BP at 14 sites (Figs.
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Figure 2: Empirical orthogonal function (EOF) analysis of alkenone-derived temperatures throughout 22-8 ka BP. A) First principal component [°C] corresponding to EOF1
pattern. B) Second principal component [°C] corresponding to the EOF2 pattern, along with estimates of North Atlantic meridional overturning circulation (McManus et al.
2004). C) EOF1 and (D) EOF2 spatial patterns [unitless]. The color scale indicates the loading of the EOF pattern.

2A-2D; Harada et al. 2012) to extract the
common dominant features of spatio-
temporal variability from all the records.

The dominant EOF mode (EOF1) is
characterized at most core sites in the
northwestern Pacific by a cooling trend
from 20 to 14 ka BP and a subsequent
warming trend from 14 to 8 ka BP (Fig.
2A). Note that the EOF contribution to the
SST evolution at any core site is obtained
by multiplying the principal components
with the EOF pattern loading (Fig. 2C) at
this site. A possible scenario is based on
an independent EOF analysis from longer,
but spatially more constrained alkenone-
SST datasets (Harada et al. 2012), suggest-
ing that the first EOF follows the preces-
sional cycle of autumn insolation at 45°N,
with increased insolation during the LGM
and minimum insolation around 13 ka BP.
These results suggest that the alkenone
data track autumn temperature variations
throughout the entire analysis period, and
that warming during the fall season can
be explained by strengthened surface
stratification.

The second EOF mode (EOF2) clearly
captures the main deglacial warming sig-
nal at most of the core sites as well as the

millennial-scale variability associated with
temperature and ocean circulation chang-
es in the North Atlantic. It shows a distinct
minimum during H1, a rapid increase,
concomitant with the B-A transition, as
well as the YD. The correspondence to a
North Atlantic ventilation proxy, based on
21pa/3%Th isotope ratios (Fig. 2B) demon-
strates a clear linkage between changes in
the North Atlantic overturning circulation
and Pacific climate variations. The spatial
EOF2 pattern is dominated by two cores
(from sites 6 and 11, purple and deep red
colors, respectively in Fig. 2D) having an
opposite pattern. During H1 and accord-
ing to the EOF 2 reconstruction the waters
near the location of site 11 would have
cooled and those near the site 6 would
have warmed. This opposite temperature
pattern between southern and northern
sites may relate to a south-north migration
of the Kuroshio/Oyashio front. This pat-
tern may be evidence of the heat conver-
gence toward the north by the intensified
Pacific Meridional Overturning Circulation
(Okazaki et al. 2010). Wind-induced trans-
port near the western boundary affected
by anintensification or shift of the Aleutian
Low might be another possible factor. An
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intensified Aleutian Low causes also a
northward migration and a strengthening
of the subtropical gyre, thereby warming
the waters overlying site 6 and turning
heat away from the area of the site 11.

Our analysis revealed a distinct pat-
tern of millennial-scale variability in the
western North Pacific that correlates well
with millennial-scale climate variations
in the North Atlantic. Overall, our study
suggests that multivariate data analysis
of core compilations can help to identify
the dominant patterns of variability and
provide important insight into the driving
mechanisms of variability on a range of
timescales.
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Teleconnection mechanism between millennial-scale
Asian Monsoon dynamics and North Atlantic climate
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We present evidence for millennial-scale changes of the westerly jet path over East Asia during the last glacial
period and suggest that the westerly jet plays a critical role in a millennial-scale climate teleconnection between

Asia and the North Atlantic.

he 60 records of stalagmites from

the Hulu Cave in southeastern China
(Wang et al. 2001) and the grayscale
profile of hemipelagic sediments from
the Japan Sea (Tada 2004; Tada et al.
1999; core MD01-2407) show millennial-
scale variations in East Asian Summer
Monsoon (EASM) rainfall along the
Yangtze River (Fig. 1) in association with
Dansgaard-Oeschger (D-O) events (Fig.
2). Moreover, annual-resolution studies
of a Greenland ice core suggest that de-
creases in the eolian dust flux from mid-
latitude Asian deserts approximately
coincided with or even led the tempera-
ture rises at the onsets of the Beglling-
Allergd, the Pre-Boreal, and a prominent
D-0 interstadial (Steffensen et al. 2008;
Thomas et al. 2009). These findings sug-
gest a direct linkage of millennial-scale
climate changes between Asia and the
North Atlantic. However, the dynamics
of such a teleconnection remains unre-
solved.

Here we focus on the westerly jet
because of its high potential to link cli-
mate changes between East Asia and
the North Atlantic. At present, the west-
erly jet axis over East Asia passes south
of the Himalayas during winter and early
spring, and then jumps to north of the
Tibetan Plateau in late spring to early
summer in association with intensified
Hadley Cell circulation (Schiemann et
al. 2009). Wang et al. (2011) proposed
that for a summer monsoon rainband
to develop along the Yangtze River, the
westerly jet needs to be at or slightly
north of the river's latitude during sum-
mer. This mechanism is well explained
by Sampe and Xie (2010). They dem-
onstrated that eastward advection of
warm air from the eastern flank of the
Tibetan Plateau along the westerly jet
axis triggers the convection that forms
the rainband. They further showed that
the westerly jet anchors the rainband by
steering transient weather disturbances,
which promote convection by intensi-
fying moisture advection with upward
motion. Over the North Atlantic, the

westerly jet also steers transient eddies
that bring precipitation, and its path is
largely controlled by the sea-ice extent
and meridional gradient of sea surface
temperature (Lainé et al. 2009). By anal-
ogy with the present close linkage of
the westerly jet path with the positions
of both the EASM rainband and weath-
er fronts in the North Atlantic, we infer
that dynamic changes in the westerly
jet path may have played a critical role
in linking millennial-scale changes in
EASM precipitation and North Atlantic
climate during the last glacial (Fang et
al. 1999; Tada 2004). Supporting this
inference, productivity changes of the
western Mediterranean Sea estimated
from geochemical proxies of marine
sediments (Moreno et al. 2004, 2005)
suggest westerly jet path changes over
the North Atlantic in association with
D-O events. However, millennial-scale
changes of the westerly jet path over
East Asia have not yet been demonstrat-
ed. Here we introduce the result of our
recent study that reconstructed varia-
tions in the westerly jet path over East
Asia during the last glacial by examining
the provenance and grain size of Asian

dust in a sediment core from the Japan
Sea (Nagashima et al. 2011).

Dust provenance reflects
seasonal shifts of the westerly
jet

Nagashima et al. (2011) demonstrated
that the relative abundance of Asian
dust emitted from two major Asian des-
erts, the Taklimakan Desert and the Gobi
Desert in southern Mongolia (hereafter,
Mongolian Gobi) reflects changes in the
seasonal northward movement of the
westerly jet axis. At present, dust emis-
sion events in both these deserts are
most frequent in spring because the
large temperature gradient between
high and middle latitudes and the result-
ing synoptic-scale disturbance in the at-
mospheric circulation generates strong
cold fronts that give rise to storms (Roe
2009). In spring, severe dust storms are
approximately twice as frequent in the
Mongolian Gobi as in the Taklimakan
(Kurosaki and Mikami 2005; Sun et al.
2001) because the Mongolian Gobi
lies along the main pathway of cold air
masses from Siberia. In this season, the
emitted dust is transported eastward
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Figure 1: Spring and summer atmospheric circulation patterns and the East Asian Summer Monsoon rainband over
East Asia (shown by clouds). The locations of the marine sediment core MD01-2407, the Hulu Cave speleothem,

and important geographical features are also shown.
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Figure 2: Dust provenance records from the Japan Sea compared with paleoclimate records from Greenland and
southeastern China. A) GISP2 "0 record (Grootes and Stuiver 1997); (B) Hulu Cave stalagmite 6'°O record (Wang
etal.2001),; (C) lightness (L*; Watanabe et al. 2007), (D) median grain size of the silt fraction, and (E) ESR intensity
of silt-sized quartz (Nagashima et al. 2011) in core MDO1-2407 from the Japan Sea. Plus signs (+) mark age-control
points in core MD0O1-2407 (Yokoyama et al. 2007). Vertical purple bars indicate stadials in GISP2, heavier oxygen
isotope (weak Asian monsoon) events in Hulu Cave, and light-colored layers in core MDO1-2407. The vertical
hatched bar indicates an interval in the core containing volcanic ash.

mostly by near-surface northwesterly
winds. During summer, however, the lat-
itudinal temperature gradient is smaller,
suppressing storm event frequency in
the Gobi (Roe 2009), whereas dust emis-
sion event frequency remains high in the
Taklimakan (Kurosaki and Mikami 2005)
because of the local circulation system
between the desert and high surround-
ing mountains (Abe et al. 2005). When
winds blowing against the northern
margin of the Tibetan Plateau lift the
dust above 5000 m, the emitted dust can
be entrained into the westerly jet, which
is north of the plateau during summer,
and transported long distances. Thus,
the relative abundance of dust from the
Taklimakan versus the Mongolian Gobi
mainly reflects the relative frequency of
summer versus spring-type dust events.
Since spring-type dust events cease
once the westerly jet jumps to the north
of the Tibetan Plateau (Nagashima et al.
2011), changesintherelative abundance

of dust derived from these two deserts
record the timing of this northward
jump. This idea led us to reconstruct the
changes in the provenance of dust from
the Asian continent in sediment core
MDO01-2407 (37°04'00"N, 134°42'11"E)
from the south-central Japan Sea (Fig.
1) by using the electron spin resonance
(ESR) signal intensity of quartz (for de-
tails, see Nagashima et al. 2007; Sun et
al. 2007).

Millennial-scale teleconnection
via the westerly jet

Hemipelagic sediments in the Japan Sea
are characterized by alternating dark
and light layers; light layers were depos-
ited during D-O stadials and dark lay-
ers during D-O interstadials (Tada 2004;
Tada et al. 1999; Fig. 2C). The ESR signal
intensities of silt-sized (eolian) quartz
(Nagashima et al. 2007) in samples from
core MD01-2407 ranged between values
of 6.6-9.2 for Taklimakan and 12.0-13.6
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for Mongolian Gobi (Nagashima et al.
2011). Lower ESR signal intensities (larg-
er contribution from the Taklimakan
Desert) clearly correspond to dark layers
(D-O interstadials) and higher intensities
(larger contribution from the Mongolian
Gobi) to light layers (D-O stadials) (Fig.
2C, E). These inferred differences in dust
provenance between dark and light lay-
ers are supported by the smaller me-
dian diameter of the silt fraction within
the dark layers (Fig. 2D). Eolian grain
size decreases with increasing distance
from the source, and the Taklimakan
Desert is more distant from the Japan
Sea than the Mongolian Gobi; thus, the
median grain size of eolian dust from the
Taklimakan is smaller than that from the
Mongolian Gobi. The dominance of dust
from the Taklimakan in D-O interstadials
suggests that the westerly jet jumped to
the north of the Tibetan Plateau earlier
during interstadials, favoring the devel-
opment of a rainband along the Yangtze
River during summer (Sampe and Xie
2010). Therefore, a northerly migration
of the westerly jet path over East Asia
can explain the increased precipitation
over the Yangtze River during D-O inter-
stadials (Fig. 2B), and also links millenni-
al-scale changes in the EASM with those
in the North Atlantic climate.

Oxygen isotope records of speleo-
thems from the southwestern United
States also suggest a northward shift
of the polar jet during D-O interstadi-
als (Asmerom et al. 2010). Furthermore,
speleothem growth patterns in north-
eastern Brazil (Wang et al. 2004) and the
chemical composition of Lake Malawi
(East Africa) sediments (Brown et al.
2007) reveal a northward shift of the
Intertropical Convergence Zone (ITCZ)
during D-O interstadials over these re-
spective regions. Taken together, these
results suggest that a dynamic N-S dis-
placement of the atmospheric circula-
tion pattern (the westerly jet at mid-
latitudes and the ITCZ at low latitudes)
may almost simultaneously propagate
D-O events on hemispheric and inter-
hemispheric scales.
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Latent 1500-year climate oscillation in the Holocene
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A Holocene temperature record from the Japan margin shows a significant 1500-year period, suggesting the
existence of a persistent cycle since the last glacial period.

Suborbital climate variability during
the last glacial period has been sug-
gested to be paced with a 1500-year
period, but the expression and spatial
distribution of this oscillation during
interglacials remain unclear. Millennial-
scale variations during the Holocene
were first reported by Bond et al. (1997)
based on ice-rafted hematite-stained
grains (HSG) in North Atlantic sedi-
ments. Although spectral analyses did
not yield a significant 1500-year period,
the abundance of these grains peaked
on average every 1.5 millennia (Bond
et al. 2001). However, few other climate
records have shown a clear 1500-year
periodicity in the Holocene.

Here, | discuss 1500-year variabil-
ity found in a multi-decadally resolved
Holocene record of alkenone sea-sur-
face temperatures (SST) from the north-
western Pacific off central Japan (Isono
et al. 2009). In that region warm waters
of the Kuroshio Current mix with cold
waters of the Oyashio Current (Fig. 1).

A Holocene 1500-year cycle off
Japan
Detrended SST variations at Site MDO1-
2421 show a series of SST minima (Fig.
2A; Isono et al. 2009). The youngest of
them, centered at ~0.3 ka and ~1.5 ka,
occur around the time of the Little Ice
Age and the Dark Ages Cold Period in
Europe, respectively. Spectral analysis
of SST over the last 10.8 ka revealed a
statistically significant periodicity of
1470 years. One cooling period at 8.5 ka
is not consistent with the ~1500-year
cycle, but might correspond with the
8.2-ka cooling event (Alley et al. 1997).
With the exception of the cooling
event at 8.5 ka, the SST minima re-oc-
cur at intervals of 1.1-1.7 ka. In the 400-
year running average of the detrended
SST (Fig. 2B) the standard deviations
for warming (i.e. mid-point between
maximum and minimum SST), warm-
est, cooling, and coldest events of the
last seven cycles from the 1470-year
templates are 112, 237, 245, and 160
years, respectively. This implies that the
periodicity is most stable for warming
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Figure 1:Locations of the study site MDO1-2421, and other mentioned reference sites in the North Pacific. The sub-
arctic and subtropical gyre circulations are driven by westerly and trade winds that are regulated by the summer
North Pacific High (H) and the winter Aleutian Low (L). Figure modified from Isono et al. (2009).

events, suggesting that the oscillation
is paced at warming events. The stan-
dard deviation of the last seven warm-
ing events is nearly equal to the 130
years identified for glacial Dansgaard-
Oeschger (DO) events (Schulz 2002;
Rahmstorf 2003). The deviation of the
last seven warming events in the Pacific
from a regular 1470-year recurrence is
about as small as for the deviation of
DO events (Rahmstorf 2003; Fig. 2H).
This correspondence suggests the ex-
istence of a persistent 1470-year cycle
during both the Holocene and the last
glacial period.

The occurrence of a persistent
regular 1500-year cycle in glacial and
interglacial modes suggests that it is
a response to a periodic external forc-
ing rather than an internal oscillation
in the climate system (Rahmstorf 2003).
Solar output variations estimated from
variations in tree ring A™C variations
(Solanki et al. 2004) do not match the
Japan-margin SST variation (Figs. 2A
and 2G), except for the Little Ice Age
when low temperatures at the Japan
margin correspond to low solar output.
Spectral analysis of solar radiation vari-
ation does not show a ~1500-year pe-
riodicity (Stuiver and Braziunas 1993).
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Braun et al. (2005) suggested that a
non-linear response of freshwater input
into the North Atlantic Ocean to the so-
lar de Vries/Suess and Gleissberg cycles
(210- and 87-year periodicities, respec-
tively) is a candidate mechanism for the
1500-year cycle. Their modeling study
suggested that some non-linear pro-
cess might be producing a 1500-year
cycle. Debret et al. (2007) distinguished
solar forcing of 1000- and 2500-year
oscillations from a 1500-year cycle in
Holocene records from North Atlantic
sediments by wavelets analysis. They
attributed the 1500-year cycle to oce-
anic forcing.

The 1500-year oscillation was sub-
dued in the Holocene, whereas it was
amplified and dominant as DO events
in the last glacial. This suggests that
positive feedbacks operated to amplify
the 1500-year oscillation under glacial
boundary conditions.

Spatial distribution of the
1500-year cycle

Modern oceanographic modes indicate
that the SST off Japan reflect variations
in the North Pacific gyre system, i.e.
the Pacific Decadal Oscillation (Mantua
et al. 1997) and the North Pacific Gyre



Oscillation (Di Lorenzo et al. 2008).
If such modes operated over millen-
nia, then the 1500-year temperature
variation at the Japan margin implies
that the North Pacific gyre circulation

is affected by 1500-year cycles. At the
northern California margin site ODP
1019, analysis of an alkenone-derived
SST record (Fig. 2F; Barron et al. 2003)
revealed a broad peak of spectral
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Figure 2: Holocene variations in (A) detrended U -derived SST at the study site (Isono et al. 2009), (B) its 400-year
running mean omitting the cooling event at 8.5 ka, (C) hematite-stained grain content in a North Atlantic core
(Bond et al. 1997), (D) mixed layer density in the North Atlantic (Thornalley et al. 2009), (E) lateral SST differences
in the Okinawa Trough (Jian et al. 2000), (F) detrended U*, -derived SST at ODP Site 1019 at the California margin
(Barron et al. 2003), and (G) tree-ring A™C-based sunspot numbers (Solanki et al. 2004). Gray shading indicates
cold periods at the Japan margin. (H) Time deviations from a regular 1470-year template for the mid-point of
warmings at site MDO1-2421 during the Holocene and at Greenland site GISP2 during the last glacial period
(Rahmstorf 2003). Numbers in panel H indicate Dansgaard-Oeschger interstadials; "A” = Allerad. Figure modified

from Isono et al. (2009).
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density with a periodicity range of
~1470 to 1820 years. The 1470-year
variation was coherent with the SST
oscillations we found off Japan. Jian et
al. (2000) generated foraminifera-based
SST records for the northern and south-
ern Okinawa Trough (sites B-3GC and
255) and claimed that the SST differ-
ence between the two sites varied with
a 1500-year periodicity. However, only
the SST minima 1, 2, and 4 at our site
MDO01-2421 correlate with ASST maxi-
ma at the Okinawa Trough (Fig. 2E). The
SST minima at the Japan margin also
correlate with Bond events 2, 5, and 7
and partly with events 0, 1, and 3 (Fig.
2C). The Japan margin record shows
similarities to the degree of stratifica-
tion in the subpolar North Atlantic (Fig.
2D; Thornalley et al. 2009). Although
none of these correspondences are
perfect, they suggest that the south-
ward shift of the Kuroshio Extension jet
in the northwestern Pacific was often
synchronous with ocean circulation in
the North Atlantic.

All of the sites discussed for display-
ing 1500-year oscillations are sensitive
to the northern mid-latitude westerlies,
which suggests that the westerlies and
subtropical and subarctic gyre dynam-
ics have been involved in propagating
or generating 1500-year oscillations in
the climate system. However, the forc-
ing of the 1500-year variability and its
effect on the climate system in both
glacials and interglacials still remain
puzzling. Future investigations are nec-
essary to clarify these issues.

Notes

Data are available from the NOAA
Paleoclimatology website www.ncdc.noaa.
gov/paleo/paleo.html
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The history of Lake Biwa drilling
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Sediments from Lake Biwa in central Japan preserve the paleoclimatic and tectonic history of the past 1 Ma
of East Asia. In particular the uppermost massive clays are well suited to study high-resolution environmental

change of the last 430 ka.

Lake sediments are important ar-
chives for understanding the en-
vironmental and tectonic history at
regional to global scales. Located on
the convergent margin of the Eurasian
plate, the Japanese archipelago fea-
tures many tectonic, volcanic, and
coastal lakes well suited for paleolim-
nological studies. One of the most fa-
mous and most studied lakes in Japan
is Lake Biwa. The first sediment core
was retrieved in 1965 by Professor
Shoji Horie and his team to study glob-
al climatic change and tectonic history
of this convergent region. Since then,
many more studies have been con-
ducted on Lake Biwa. Here, | summa-
rize the drilling history of Lake Biwa
and put it in a broader perspective.
Southwestern Japan has been
impacted by tectonic deformation
throughout the Quaternary. The ca. 1.5
Ma old tectonic lake Lake Biwa (82 m
a.s.l.) on south-central Honshu Island
is the largest freshwater lake in Japan,
measuring 22.6 km wide by 68 km long
(Fig. 1). Lake Biwa is divided into two
basins. The Northern Lake is a deep
basin with a maximal depth of 104 m
and average depth of 40 m. The much
smaller Southern Lake is very shallow
with an average depth of about 3 m.
Several attempts to recover core
sediments from Lake Biwa have been
made, mainly in the 65-70 m deep de-
pression situated in the southern part
of the northern Basin (Fig. 1). Horie
et al. first recovered a six-meter long
sediment core in 1965 and then an
11.5 m long piston core in 1967 (Horie
et al. 1971). In 1971, with consider-
able effort, they managed to drill the
sediments in the same depression
(Fig. 1) and successfully obtained core
samples totaling about 200 m (Horie
1984). Finally, in 1982 and 1983, they
succeeded in recovering a 1400 m long
core covering the entire sediment se-
quence. This record confirmed that
the basin is filled with lacustrine and
fluvial sediments about 800 m thick
(Takemura and Yokoyama 1989; Horie

1991). Below 800 m the core is mainly
composed of a ca. 100 m thick peb-
bles and cobbles layer, and Mesozoic-
Paleozoic basement rocks. The upper-
most unit consists of lacustrine clay

and silt about 250 m thick, estimated
to have deposited continuously during
the last 430 ka (Takemura 1990; Meyers
etal. 1993).In 1986, further samples of
141 m thick sediment were recovered

Figure 1: Map showing locations of principal coring sites in Lake Biwa (from Takemura et al. 2010). BB (200 m drilling
in 1971; Horie 1984), B1400 (1400 m drilling in 1982-1983; Takemura 1990; Horie 1991), BT (141 m drilling in 1986;
Yoshikawa and Inouchi 1991), Site 1, 2, 3 (BIW95; Piston cores in 1995, Takemura et al. 2000), BIWO07-1 to BIW07-6
(Piston cores in 2007; Takemura et al. 2010), BIW08-A and BIW08-B (Drilled cores in 2008; Takemura et al. 2010).
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about 5 km northeast of the older drill-
ing sites (Fig. 1; Yoshikawa and Inouchi
1991).

Whereas the neighboring (ca. 20
km) basin of Lake Suigetsu has varved
sediments of the past 150 ka, Lake
Biwa has continuous sediments of a
million years age. Therefore, together
the two lake basin records will permit
understanding the Quaternary climate
and tectonics at annual to millennial
time scales.

Initially, the scientific value of Lake
Biwa sediments was not properly ac-
knowledged because the first attempt
of fission track dating gave a wrong
Pliocene age to the basal part. This re-
sulted in a significantly crooked sedi-
ment accumulation rate (SAR) curve,
casting doubt on the continuity of the
Lake Biwa sediment record. In 1993,
based on a stratigraphic correlation of
the Biwa core with marine data, Meyers
et al. suggested that the fission track
dates were erroneous. Then in 2005,
improvements on the fission track tim-
escale successfully identified the pa-
leomagnetic reversal near the base as
Jaramillo rather than Olduvai, estimat-
ing the time coverage of the Lake Biwa
core as ca. 1.5 Ma (Danhara et al. 2010;
Fig. 2). A highly linear SAR resulted for
the 800 m deep Lake Biwa sediment

record. This was evidence for the sta-
ble sedimentary environment of the
basin, and the suitability of Lake Biwa
as a paleoclimate archive. Moreover,
progress in Japanese tephrochronolo-
gy in recent decades enabled the iden-
tification of several marker tephras
(Machida and Arai 2003) in and around
the basin. Lake Biwa is, therefore, an
ideal terrestrial site to explore paleo-
climate and tectonic history during the
past 1 Ma of East Asia.

Although the sediments of Lake
Biwa have been analyzed by vari-
ous methods, high-resolution studies
have not yet been carried out. In most
studies a single core was obtained at
a single site. It was therefore difficult
to evaluate the completeness of core
recovery and disturbance of core sam-
ples. For example, we now know that
in the deep drilling of 1982 and 1983,
rotary coring caused disturbance of
the upper sediment samples. For a de-
tailed study of the sedimentary record,
in 1995, we recovered seven piston
cores (10-15 m long) at three localities
(site 1,2, 3) in the northern part of Lake
Biwa (Fig. 1). We designed the coring
plan (1) to take at least two cores from
each site; (2) to take cores at three lo-
cations with different sedimentation
rates; and (3) to recover the longest
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possible undisturbed sediment se-
quence. Analyses of the core samples
include paleomagnetism, environmen-
tal magnetism, physical properties, or-
ganic and inorganic chemistry, pollen
analysis and '*C dating. We also dem-
onstrated that magnetic susceptibility
data are very useful to find microscop-
ic tephra horizons, and establish corre-
lation and age assignment of the core
sediments from the different locations.

From the viewpoint of paleocli-
matic change, Nakagawa et al. (2008)
produced quantitative climatic recon-
structions for the past 450 ka based
on a long pollen record from Lake
Biwa. Hayashi et al. (2010) reported a
high-resolution pollen record cover-
ing the last 40 ka (BIW95-4) and found
that they correlate with Dansgaard-
Oeschger (D-0) cycles recognized
from the anhysteretic remanent mag-
netization (ARM) record (Hayashida et
al. 2007).

Drilling challenges are continu-
ing for high-resolution studies on pa-
leoenvironments and island arc tec-
tonics. In 2007 and 2008, we obtained
six new piston cores covering at least
50 ka, two longer cores covering 300
ka (Takemura et al. 2010), and 300 km
long shallow seismic surveys. Various
interdisciplinary analyses are expected
to generate high-resolution records of
the environmental change of the Asian
monsoon and of the dynamics of the
tectonic convergence.

Selected references
Full reference list online under:

http://www.pages-igbp.org/products/newsletters/ref2012_2.pdf

Danhara T et al. (2010) The Quaternary Research Japan 49: 101-119 (in
Japanese with English abstract)

Horie S (1984) Lake Biwa. Dr.W. Junk Publishers, 654 pp

Meyers PA, Takemura K, Horie S (1993) Quaternary Research 39: 154-
162

Nakagawa T et al. (2008) Geology 36: 491-494

Takemura K (1990) Paleogeography, Paleoclimatology, Paleoecology 78:
185-193

69




70

Lake Suigetsu 2006 Varved Sediment Core Project
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Two decades of effort by three generations of researchers has contributed to the realization of the value of
Lake Suigetsu's varved sediments to Quaternary science.

Lake Suigetsu has a long history
in Quaternary research. In 1991,
a group of Japanese researchers,
led by Prof. Yoshinori Yasuda of the
International Research Center for
Japanese Studies (IRCJS, Japan), re-
covered a couple of >10 m long piston
cores from the lake and found that the
lower parts of those cores were an-
nually laminated (varved; Fig. 1). This
marked the initiation of varve studies
in Japan.

Two years later (1993), the same
group conducted deep drilling of Lake
Suigetsu and recovered a >73 m long
sediment core that reached bedrock.
The top ca. 40 m of the core was quasi-
continuously varved. The earliest im-
portant scientific outcomes from this
long core (SG93) were delivered by
Hiroyuki Kitagawa of IRCJS and Hans
van der Plicht of Groningen University
(the Netherlands). They extended ter-
restrial radiocarbon calibration close
to the limit of the method (ca. 50 ka) by
combining varve counting and >300
radiocarbon measurements obtained
on terrestrial leaf fossils extracted
from the core (Kitagawa and van der
Plicht 1998a, 1998b, 2000). Since then
the lake has acquired international
recognition as an environmental ar-
chive of high value (it is sometimes
even referred to as “The Japanese
Lake”) - especially by the radiocarbon
community.

The internationally ratified IntCal
radiocarbon calibration model for de-
riving calendar ages from radiocarbon
data was first proposed in 1998 (Stuiver
et al. 1998) and subsequently updated
in 2004 and 2009 (Reimer et al. 2004,
2009). Ideally, radiocarbon calibration
should be based on independently-
dated terrestrial materials such as tree
rings and terrestrial plant remains
in lacustrine sediments (speleothem
records, although terrestrial, require
correction for unknown dead carbon
fractions). However, the present IntCal
model relies on marine archives, such
as corals and Cariaco Basin sediments
for the period beyond the continuous

tree-ring record. Even in the latest ver-
sion, the tree-ring record reaches only
back to 12,550 cal. BP. This still leaves
three quarters of the radiocarbon cali-
bration based on marine data, includ-
ing the assumption of a constant off-
set from the atmospheric radiocarbon
concentration, known as the marine
reservoir age. As a terrestrial archive,
the Lake Suigetsu radiocarbon data
are free from the marine reservoir
age problem. However, the dataset
has never become an integral part of
IntCal, mainly because of a significant
deviation of the Suigetsu '*C data from
the marine-based records, which cast
doubt on the SG93 varve chronology.
Early outputs from the SG93 core
also included reconstruction and dat-
ing of paleoclimatic events. Based
on the varve chronology and pollen
analysis of >400 samples from the late

glacial part of the core (ca. 16-10 ka),
Nakagawa et al. (2003, 2005) argued
that the late glacial climate in Japan
exhibited similar millennial-scale os-
cillations to the North Atlantic but
with centennial-scale offsets in timing.
However, this was not widely accepted
by the community, partly because of
the issues with the SG93 varve chro-
nology, and also because it was not in
good agreement with East Asian spe-
leothem records that were precisely
U-Th dated (Wang et al. 2001; Shen et
al. 2010).

More recently, Staff et al. (2010)
re-analyzed the SG93 radiocarbon da-
taset by Bayesian statistical modeling
techniques (Bronk Ramsey 2008, 2009)
using IntCal09 as the matching target.
This revealed that the gaps between
core segments of SG93 were larger
than initially supposed, and that the
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Figure 1: Varved sediments of Lake Suigetsu, Honshu Island, Japan. The curve shows relative gray scale values as

measured on the displayed image.
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Figure 2: Photographic litho-stratigraphy of the SG06
core (modified after Nakagawa et al. 2012). Red shades
show disturbed sediment sections. The coring team
consisted of people from Newcastle University (UK),
University of Tokyo, Osaka City University, Chiba Uni-
versity of Commerce, Naruto University of Education,
Kyoto University (Japan), GeoForschungsZentrum
Potsdam (Germany), and Royal Holloway University
of London (UK).

estimated gaps were roughly suffi-
cient to account for the departure of
the SG93 radiocarbon data from ma-
rine curves. In other words, it convinc-
ingly demonstrated that (i) the SG93
varve chronology was generally too
young, and (ii) the main source of er-
ror was the discontinuity of the core
rather than varve counting inaccuracy.
This meant that the potential scientific
value of the Lake Suigetsu varved sedi-
ment remained very high, if sampled
in the form of continuous sediment
cores.

Suigetsu returns!

Phase Two of the Lake Suigetsu study
began in 2006, when funding was se-
cured from the Natural Environment
Research Council (NERC), UK to re-
core the lake. An international team,
consisting of researchers from the
UK, Japan, and Germany, recovered
a new master core (SG06) in summer
2006 from four parallel bore holes with
sufficient overlap to provide a 100%
continuous, 73.2 m long sediment
profile covering the past ca. 150 ka
(Nakagawa et al. 2012; Fig. 2). Building
on the success of the SG06 coring, a
further extended research group ob-
tained additional funding from NERC
and the German Research Foundation,
along with other internal support from
UK and Japanese institutions to ana-
lyze the core in detail.

Varve counting is the crucial part
of the whole project. We therefore em-
ployed both conventional counting
by thin-section microscopy, and ultra-
high resolution scanning (60 pm step-
ping) using an Itrax™ X-radiograph
and XRF scanner (Marshall et al. 2012;
Francus et al. 2009). The two paral-
lel counting results were merged
into a single age-depth model using
newly developed statistical methods
(Schlolaut et al. 2012; Marshall et al.
2012). The merged varve chronology
of the SG06 core has already been es-
tablished down to ca. 30 ka. Soon, it
will be extended beyond the radiocar-
bon limit (>50 ka).

More than 600 radiocarbon mea-
surements were made on terrestrial
tree leaf fossils, manually extracted
from SGO6. The distribution of the ra-
diocarbon dates shows good agree-
ment with the terrestrial part of the
IntCal09 model (0-12,550 cal. BP) sup-
porting the continuity of the sediment
and the accuracy of the merged varve
chronology (Staff et al. 2011; Marshall
et al. in press).
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A notable tephra horizon (the 'SG06-
1288’ or ‘U-Oki’ tephra) provides an
important marker layer in the early
Holocene part of the SG06 core, which
has been precisely dated by numer-
ous radiocarbon dates and Bayesian
wiggle matching to the terrestrial
part of the IntCal09 calibration model
(Staff et al. 2011; Bronk Ramsey 2009).
Recently we conducted Ar/Ar dating of
34 sanidine crystals extracted from the
proximal deposits of this tephra, and
attained excellent Ar/Ar age deter-
mination with errors < 3%, in spite of
operating close to the younger limit of
the Ar/Ar technique (Smith et al. 2011).
This suggests that we will be able to
apply the same method for the deeper
part of the core, reduce the cumulative
counting error of the SG06 varve chro-
nology, and significantly improve the
accuracy of the terrestrial radiocarbon
calibration dataset beyond the tree
ring limit.

The Lake Suigetsu 2006 project
has also yielded a range of paleo-
climatological data that are almost
ready to be published. Most of them
are still waiting for the independent
chronology to be finalized. However,
Kossler et al. (2011) have already re-
ported decadal to sub-decadal scale
sequential changes in diatom flora,
sedimentary structure and local veg-
etation during the Lateglacial transi-
tions. Papers on event timings based
on high-resolution pollen, biomarker,
and XRF results will follow shortly.

Summary

Our new Lake Suigetsu project aims to
(i) provide a key dataset for more reli-
able terrestrial radiocarbon calibration
over the whole range of the method,
and (ii) provide a reference record for
the East Asian Monsoon region. After
two decades of effort by three genera-
tions of researchers to pave the run-
way, research on the Lake Suigetsu
varved sediment record is now finally
taking off.
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Monsoon reconstruction in subtropical Asia from oxygen
isotope ratios of tree-ring cellulose
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Tree-ring records reveal that climatic sensitivity of cellulose §'®0 can be higher than that of ring width, that
summer monsoon in the Himalayas has weakened over the last two centuries, and that El Nino-Southern
Oscillation significantly affects the hydroclimate of Southeast Asia.

he impact of hydrologic regime shifts

in the Asian Monsoon under changing
global climate is significant, since the inten-
sity of monsoon directly affects the agricul-
tural production of the most densely popu-
lated regions in the world. Proxy climate
records dating back to the pre-instrumen-
tal era are therefore essential for evaluat-
ing the roles of natural variability and an-
thropogenic impact on the Asian Monsoon
system. Tree rings have often been used
to reconstruct past climate variations with
annual resolution, and extensive networks
of tree-ring chronologies have been devel-
oped in North America and Europe. Unlike
in higher latitudes, relatively few tree-ring
chronologies were produced for tropi-
cal and subtropical Asia, since the lack of
climatic seasonality hinders annual ring
formation of most tree species in these
regions. However, over the last couple of
decades dendrochronologists have found
increasing success in the low latitudes of
Asia by selecting regions with more pro-
nounced temperature or precipitation sea-
sonality.

Tree-ring 680 as a hydrologic
proxy

A major recent advance has been the hy-
droclimatic reconstructions from rare and
long-lived Fujian Cypress (Fokienia hodgin-
sii) growing in Vietnam (Buckley et al. 2010;
Sano et al. 2009). These records based on
ring width measurement revealed that the
region experienced decadal-scale droughts
in the past, which have no analog in the
instrumental period. Interestingly, these
exceptional droughts coincided with peri-
ods of social unrest (Buckley et al. 2010). In
addition to this progress, other recent stud-
ies indicated that oxygen isotope ratios of
tree-ring cellulose might help improve our
understanding of monsoon activity (Sano
et al. 2012a,b ; Xu et al. 2011). In this brief
note, we show some advantages of using
tree-ring &0 rather than ring width and
wood density traditionally utilized in den-
droclimatolgy.

It is well known that tree-ring width
and wood density are controlled not only
by climate but also by endogenous dis-
turbance pulses, such as competition

with neighboring trees. To reduce such
disturbances, climatically sensitive trees
are sampled predominantly at the species
ecological boundaries, such as near arid or
cold forest limits. This spatial limitation can
be overcome by using oxygen isotope ra-
tios, since the isotopic ratio in the wood is
not significantly affected by ecophysiologi-
cal processes. Tree-ring 6'%0 is theoretically
controlled by two climatic factors, 6'®0 of
the source water and relative humidity (e.g.
Robertson et al. 2001; Saurer et al. 1997),
both of which are closely related to mon-
soon activity in South and Southeast Asia.
Our preliminary analyses using samples
from the Himalayas (Sano et al. 2010) and
Laos (Xu et al. 2011) clearly show that tree-
ring &0 is more strongly correlated with
precipitation, relative humidity, tempera-
ture and Palmer Drought Severity Index
(PDSI) than is ring width or wood density.
PDSl is a drought metric based upon a wa-
ter balance model. Positive and negative
values of the PDSI correspond respectively
to wet and dry conditions (Palmer 1965; Dai
et al. 2004).
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Figure 1: Reconstructed June-September PDSI from tree-ring 6O in the Nepal Himalayas. The thick curve represents a 30-year cubic spline. Figure modified from Sano et

al. (2012a).
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Figure 2: Comparison of inter-annual variations in tree-ring 'O from Laos and the Multivariate ENSO index (MEI) for the period of 1951-2002. Figure modified from Xu et

al. (2011).

Evidence of weakening monsoon
over the Himalayas and Tibet for
the last two centuries

Tree-ring 80 from the Nepal Himalayas
accounts for 34% of the inter-annual vari-
ability of the PDSI in the monsoon season
(July-September), and clearly shows a de-
creasing trend of precipitation/moisture
over the last two centuries (Fig. 1). Evidence
for a decrease in summer monsoon rainfall
was also found in 6'®0 of tree rings from
Tibet (GrieBinger et al. 2011), 8D of an ice
core from Mt. Everest (Kaspari et al. 2007),
snow accumulation of an ice core from
Dasuopu, Tibet (Zhao and Moore 2006),
and varve thickness of lake sediments in
Tibet (Chu et al. 2011). The overall trends to-
ward arid conditions indicate that summer
monsoon has weakened across wide areas
of the Himalayas and Tibet for at least the
last couple of centuries.

Our reconstructed PDSI shows sig-
nificant correlations with sea surface tem-
peratures in the tropical Pacific and Indian
Ocean, suggesting that the tropical oceans
play a role in modulating hydroclimate in
the Nepal Himalayas. A simulation model
forced by observed sea surface tempera-
ture (SST) data reveals that a weakening
trend of monsoon precipitation found in
northern India and the eastern Tibetan
Plateau over the latter half of the 20™ cen-
tury is deducible from the atmosphere’s
response to an increase in SSTs over the
tropical Pacific and Indian Ocean (Zhou et
al. 2008). Therefore, the consistent warm-
ing found in reconstruction of tropical SSTs
over the last two centuries (Wilson et al.
2006) might be responsible for the weaken-
ing monsoon in the Himalayas. In contrast,

other proxy records from lower altitudes
indicate a strengthening of the monsoon
winds (Anderson et al. 2002) and precipi-
tation (Wang et al. 2005). The increased
north-south difference of monsoon activ-
ity is likely induced by a southward shift in
the overall position of the monsoon trough.

Links between ENSO and tree-ring
6'%0 records from Southeast Asia

In contrast to ring-width-based reconstruc-
tions from the Himalayas and Tibet, those
from Southeast Asia are rare, since most
trees grow in relatively warm and wet en-
vironments. To overcome this limitation,
isotopic analyses have been conducted on
samples from four cypress trees from Laos
for the past 52 years (1951-2002). It turned
out that contrary to the tree-ring widths
data (Xu et al. 2011), the 880 time series of
the trees are significantly correlated with
each other. Also, the 860 chronology built
from the four trees shows significant corre-
lation with temperature (r=0.64, p < 0.001),
precipitation (r = -0.34, p < 0.05) and PDSI
(r =-0.66, p < 0.001) in the monsoon sea-
son. In contrast, no significant correlation
was found between any climatic variables
and a ring-width chronology based on 15
trees, which includes the four trees utilized
for the isotope measurement. Finally, the
680 chronology is strongly correlated with
ENSO-related indices, particularly with the
Multivariate ENSO Index (MEI; Wolter and
Timlin 2011) for the last 52 years (Fig. 2).
To further explore the potential of isotope
dendroclimatology, six more cypress trees
from Vietnam have been subjected to 60
analyses. Surprisingly, the 6’0 chronology
from Vietnam is closely correlated to that
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from Laos (Sano et al. 2012b), even though
these sampling sites are around 150 km
away from each other. Moreover, the tele-
connected relationships between the §®0
chronology and ENSO-related indices are
stable over the 135-year period of available
instrumental data.

Over the last decade, considerable
effort has been devoted to reconstruct
ENSO variability using tree rings and other
proxy records that originate mainly from
North America and the topical Pacific
(e.g. D'Arrigo et al. 2005; Mann et al. 2000;
Wilson et al. 2010). Although these records
agree well during the twentieth century,
there is relatively little agreement before
this time. Wilson et al. (2010) point out that
the teleconnected relationship between
the tropical central/eastern Pacific and
regions where proxy records are located
does not seem to be stable. Since none
of the previously published reconstruc-
tions of ENSO variability include data from
mainland Southeast Asia, tree-ring §'®0 is
of great use to independently reconstruct
ENSO, and to explore the spatial influence
of ENSO before the instrumental period.
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Hydroclimate reconstruction in Indonesia over the last
centuries by stalagmite isotopic analyses
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Oxygen and carbon isotopic data from an Indonesian stalagmite help improve our understanding of past

rainfall variation in the tropics.

Stalagmites as paleoclimate
archives

Stable isotopic records of stalagmites
are a powerful tool to reconstruct past
climate change because stalagmites
yield continuous terrestrial paleocli-
mate records and can be dated accu-
rately by the U-Th dating method (e.g.
McDermott et al. 2004; Fairchild et al.
2006). Figure 1 shows the formation
process of stalagmites. In the soil and
upper epikarst, water is enriched with
pCO, derived from plant respiration
and organic matter decay (Fairchild et
al. 2006). During its percolation in the
carbonate bedrock, water dissolves
carbonate components and eventually
reaches supersaturation. When the wa-
ter emerges into a cave as dripwater,

carbon dioxide is degassed into cave
air and calcium carbonate precipitates,
forming a speleothem. Under the for-
mation process described above, sta-
lagmites record fluctuations of rainfall
and/or temperature on the land sur-
face as variation in their §'®0 and &§'C
composition.

Previous studies on
stalagmites in Asia

There are numerous studies based
on 80 and &'C analyses of stalag-
mite investigating terrestrial climate
changes on Milankovitch and millen-
nial timescales (e.g. McDermott et al.
2001; Wang et al. 2001, 2008). In recent
years, some stalagmite studies also
focused on shorter timescales. Figure

2 shows stalagmite study sites in Asia
targeting reconstructions of rainfall
variation during the last 2000 years.
Stalagmites collected in China, India
and Thailand yield oxygen isotopic
variations on subdecadal to subannual
timescales (Zhang et al. 2008; Tan et al.
2009; Sinha et al. 2007, 2011; Cai et al.
2010). In these studies, oxygen isoto-
pic variations in the stalagmites were
generally interpreted as representing
variability in monsoonal rainfall inten-
sity, although the exact interpretation
on the climatic causes for isotopic vari-
ations in precipitation were different
at each study site (e.g. amount effect
vs. source effect). While these stud-
ies provided important insight in the
precipitation regime of southern and
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Figure 1:The formation process of stalagmites.
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eastern Asia, little attention has been
paid to the southeastern Asian tropical
regions.

Our stalagmite study in
Indonesia

The high insolation in the tropics is the
driving force of poleward heat trans-
port, and tropical climate anomalies,
such as EI Niflo and La Nifia events, also
affect the rest of the world through
teleconnection. Thus the tropics are a
critical region to study the global cli-
mate system. However, instrumental
meteorological data are very limited
compared to Europe and eastern North
America (Parker et al. 2000) and need
to be supplemented by proxy records.
In our study, we performed a system-
atic comparison between variations
in precipitation amount and §'®0 and
6"*C measurements of an Indonesian
stalagmite to reconstruct rainfall vari-
ability over the last 500 years.

First, we analyzed a stalagmite col-
lected in the Ciawitali Cave in western
Java and compared its §®0 and 6'C
records with available instrumen-
tal rainfall records back to the 1950s.
Negative correlations were statistically
significant (r’=0.50 for §'¢0; r>=0.85 for
6"C; Watanabe et al. 2010) and sug-
gest that isotopic ratios of stalagmites
are useful proxies for reconstructing
rainfall amounts in the region. To ac-
count for the time lag of the water
percolation from the land surface into
the cave, we measured the percolation
time of dripwater in the Ciawitali Cave
by the *H-He dating method (Yamada
et al. 2008). We obtained a percolation
time of ca. 13 years. Taking this into ac-
count, the negative correlation disap-
pears between the isotopic data and
the instrumental rainfall record. This
suggests that the 6®0 and §'*C values
of the stalagmite are immediately in-
fluenced by the climatic conditions
outside the cave, probably via the pis-
ton-flow mechanism of groundwater
and in-situ CO, degassing described
by Watanabe et al. (2010).

In addition, we measured &'®0
and 8'C values over the last 500 years
(1440-2006 AD) and found that &'®0
and &"C varied from -7.7 to -5.4%o0
and from -14.1 to -11%o, respectively.
The &0 and &'C variations show
synchronous changes throughout the
entire period. Enriched '®0O signatures
around 1600, 1800 and 1990 AD sug-
gest episodes with drier conditions.
These episodes coincide with evidence
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Figure 2: Study sites of Asian stalagmites used to reconstruct rainfall variations over the last 2000 years. The red
star shows the location of the Ciawitali Cave on West Java, Indonesia.

of droughts documented in lake sedi-
ments of East Java (Rodysill et al. 2011),
and hence are likely associated with
regional hydrologic anomalies caused
by ENSO dynamics.

Further 60 and &'C measurements
are in progress to reconstruct rainfall
anomalies in the Asian tropics during
the past millennium, especially dur-
ing the Medieval Climate Anomaly and
Little Ice Age.
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River runoff over 2000 years in the arid Heihe River Basin,
northwestern China

KoJi Fusita AND AKIKO SAKAI
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We reconstructed long-term river runoff from a glaciated catchment to better understand the role of glaciers
as a water resource and the impact of climate change on human activities at an oasis on the Silk Road.

The glacier as a water resource

As glaciers continue to retreat due to the on-
going effects of global climate change, the
availability of water during summer within
river systems is expected to decline (e.g. IPCC
2007). Consequently, there has been consider-
able interest in gaining a better understand-
ing of the contribution of glacial meltwater to
river runoff in a number of catchments (e.g.
Immerzeel et al. 2010; Kaser et al. 2010; Huss
2011). A mutual conclusion in these studies
is that fluctuation of glacier meltwater signifi-
cantly affects the river runoff if the river flows
into arid terrain because water supply from
precipitation will for a large part not attain the
lower reaches. These studies tend to focus on
evaluating the present-day contribution of
meltwater to river runoff, and projections of
likely future levels. In contrast, there has been
less interest in the reconstruction of long-term
historical runoff patterns at high temporal res-
olutions (e.g. annual) in glaciated catchments.
One explanation for this may be that while
paleoclimatic studies use several established
proxies to reconstruct climate indices such
as temperature, precipitation, or flood and
drought events, finding an appropriate proxy
for river runoff remains challenging. In this
paper, we use models and climate reconstruc-
tion data to estimate the long-term (past 2000
years) runoff of the Heihe River in an arid basin
in northwestern China (Fig. 1), where precipita-
tion in the surrounding mountain ranges plays
a significant role in providing water for the
desert and oasis cities.

Reconstructing glacial runoff

We calculated river runoff components using
an energy-mass balance model for glacier run-
off (Fujita and Ageta 2000; Fuijita et al. 2007)
and a simple hydrological model for runoff
from glacier-free terrain (Sakai et al. 2010). As
meteorological variable input for the models,
we used temperature and precipitation, and
estimated relative humidity and solar radiation
from precipitation (Matsuda et al. 2006; Sakai
et al. 2010). Temperature and precipitation in-
put data for the past 2000 years were obtained
from tree-ring and ice-core studies (Yang et
al. 2002; Zhang et al. 2003; Fig. 2A). Statistical
downscaling was performed using meteoro-
logical data from neighboring stations (Fig.
1B).The spatial distribution and lapse rate were
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Figure 1:A) Location of the Heihe River, northwest China. Red rectangle indicates the area shown in panel B. B) The
catchments of upper stream basins. Stations where several decades worth of hydrological and meteorological data
are available are indicated (black circles), as is the July 1% Glacier, where glaciological observations were conducted
for the period 2002-2005. Blue dots denote glaciers in the basin delineated from satellite images. Each grid square
is equivalent to the grid of the used APHRODITE precipitation dataset (0.5°; Yatagai et al. 2009).

established by reference to gridded datasets
(Kalnay et al. 1996; Yatagai et al. 2009) and are
assumed to have remained constant through
time. Accuracies of the models were tested
against observed hydrological and glaciologi-
cal data in the same region (Sakai et al. 2009,
2010). Changes in the size of the glacier are sig-
nificant over the long term, as water runoff is
significantly affected by changes in the extent
of the ice cover. A simple but plausible glacier
fluctuation model was established using an
area-volume relationship for the glacier (Chen
and Ohmura 1990; Liu et al. 2003). Glaciers in
the catchment were delineated from a Landsat
ETM+ image (Fig. 1B), and were classified into
five classes based on the area they cover, as
changes in glacier size vary according to their
geometry (van de Wal and Wild 2001; Raper
and Braithwaite 2006).
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Controls on glacial runoff

We validated our calculated results against the
known extent of glaciation in the Little Ice Age
(LIA), which was determined from the posi-
tions of moraines on the satellite image and
the present extent (Fig. 2B). River runoff levels
reconstructed throughout the last 2000 years
correlate closely with precipitation (r = 0.997,
P<0.001; Fig. 2A and 2C), due to the small pro-
portion of the catchment that was glaciated
(1.3+0.2%). The average contribution from gla-
cier runoff (1.8%) is slightly larger than might
be expected based on the proportion of the
glaciated catchment (1.3%), due to the effect
of altitude on precipitation (it increases with
altitude), which allows the glaciers to provide
relatively more water than their extent would
indicate.



We defined the trend of glacier extent (GT, km’
yr') by the following equation,
GT,=(GA,,,—GA_)/2,

where GA and t denote glacier extent and
time, respectively. Glacier runoff, and its con-
tribution to the total river runoff, both showed
a strong negative correlation with the trend of
glacier extent (r=-0.741 and r=-0.925 respec-
tively, both p<0.001, Fig. 2C). This implies that
the glaciers have supplied excess meltwater to
the river by reducing their ice storage during
periods of glacier shrinkage. In contrast, when
the glaciers were expanding during colder or
more humid periods, storage of ice mass in the
body of the glacier increased, and glacier run-
off and its relative contribution to total runoff
decreased accordingly. These results suggest
that variations in glacier runoff and its contri-
bution to river runoff do not always relate di-
rectly to glacier extent, but are also influenced
by the nature of glacier response to changing
environmental conditions.

Impact of human activities

Many historical documents covering the last
800 years are available for the Heihe River
catchment, and allow us to compare our re-
constructed river runoff levels with contem-
porary accounts (Fig. 2D). We use a record of
drought events and highlight five of the most
significant drought periods, which continued
intermittently for periods of several years (la-
beled a-e), and a record of relative agricultural
activity in the middle reach of the river (Inoue
et al. 2007; Nakawo 2011). River runoff levels
during drought events a, ¢, and e were relative-
ly small; consequently, we suggest that these
droughts were climate driven. In contrast,
reconstructed river runoff during drought
events b and d were relatively large. Therefore,
these drought events may be attributable to
human activity rather than climatic factors,
and might have been caused for example, by
excessive extraction of river water for irrigation.
Indeed, in this region, the pioneering phase of
agricultural land-use had already begun in the
13% century. In figure 2D, three relatively long
drought-free periods are marked with thick
lines. During the first period (AD 1355-1425),
agricultural land-use had declined; therefore,
human-induced droughts were unlikely, as
there was a plentiful supply of natural water
available (high runoff) to meet demand. The
latter two periods (AD 1825-1855 and AD
1885-1925) coincide with the Dongan Revolt,
during which agricultural land was left uncul-
tivated.

Our results suggest that longer drought-
free periods in the Heihe River catchment only
occurred during phases with relatively low hu-
man impact and high river runoff (Sakai et al.
2012).
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Figure 2: Climate and runoff records for the Heihe Basin covering the past two millennia. A) Annual mean tem-
perature anomaly rel. to AD 1966-1995 (Yang et al. 2002), and annual precipitation (Zhang et al. 2003). B) Glacier
area and contribution of glacier runoff to total runoff (Sakai et al. 2012). The present and LIA extents are shown
by the black dot and line, respectively. C) Total annual catchment runoff, annual glacier runoff (Sakai et al. 2012),
and trend of glacier extent (see equation in the main text). D) Five-year moving average of river runoff and drought
events recorded in historical documents. Five prolonged drought periods (a-e) are highlighted (Sakai et al. 2012).
Thick lines denote drought-free periods, which are discussed in the main text. Green shading denotes trends of
agricultural activity in the region as retrieved from historical documents (Inoue et al. 2007; Nakawo 2011).

Past or future?

In the studied catchment, glacier extent is too
small for glacier runoff to significantly affect
the total runoff of Heihe River. Fluctuations in
river runoff are primarily controlled by precipi-
tation. Consequently, patterns of past precipi-
tation levels reconstructed from ice cores and
tree rings can be used to reconstruct changes
of water availability in this region. However, in
a more glaciated catchment, river runoff can
fluctuate in a more complicated way and the
influence of the glaciers is more important. It
is generally believed that glacier shrinkage will
lead to a shortage of water resources under a
warming climate; however, our study suggests
that the trend of glacier extent, advancing or
retreating, is, on a shorter term, a more signifi-
cant control on glacier runoff and its contribu-
tion to the river system.

Forecasting changes to the extent of gla-
ciers,and the impact on river runoffis a societal
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need under the present warming climate.
Current river-runoff level projections contain
numerous uncertainties caused by changing
environmental conditions and the application
of differing general circulation and regional
models. We have shown that our river runoff
reconstruction based on paleoclimatologi-
cal data combined with historical documents
from the region, can be used to discriminate
the runoff types and attribute the nature of
drought events in the arid Heihe River Basin.
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Two centuries of climate events detected in coral records
from Ishigaki and Ogasawara Islands, Japan

ATsusHI Suzuki

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST), Japan; a.suzuki@aist.go.jp

Coral records from the subtropical northwestern Pacific reveal abrupt cooling and a shift toward fresher surface
ocean conditions between 1900 and 1910 AD.

O nly about 100 years or less of ob-
servational data for the ocean
environment in the subtropical north-
western Pacific exist. Geochemical
tracers, such as stable oxygen isotopes
(8'®0), strontium/calcium (Sr/Ca) and
uranium/calcium (U/Ca) ratios in skel-
etons of massive corals are excellent
paleoclimatic and paleoceanographic
proxies to extend our knowledge of
the ocean environment beyond the
instrumental record. Recently, a coral
record going back to 1873 AD from
Chichijima in the Ogasawara Islands
(Felis et al. 2009) and a 165-year long
record from Ishigaki Island, southern
Ryukyus (Mishima et al. 2010) have
become available (Fig. 1). These coral
records reveal several coupled ocean-
atmosphere phenomena during the
early 20t century in the northwestern
subtropical Pacific.

Abrupt freshening event
recorded in the Ogasawara
coral

The Ogasawara Islands (27°N, 142°E),
approximately 1000 km south of
Tokyo, Japan, are exposed to the open
ocean environment. Felis et al. (2010)
reported that the winter Sr/Ca and U/
Ca paleotemperature records from an
annually banded coral were signifi-
cantly correlated with the instrumen-
tal winter Pacific Decadal Oscillation
(PDO) index over the last century. The
PDO is an indicator of North Pacific sea
surface temperature (SST) anomalies
poleward of 20°N.

Felis et al. (2009) also recon-
structed annually resolved sea surface
salinity (SSS) variations since 1873
from the 60 record and identified
an abrupt shift toward fresher surface
ocean conditions between 1905 and
1910 (Fig. 2C). They concluded that
the Ogasawara freshening could not
be explained by precipitation changes
but resulted from a combination of
atmospheric and oceanic convection
processes.
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Figure 1: Map of the northwestern Pacific showing the locations of the Ishigaki and Ogasawara Islands. The typical
winter East Asian sea-level atmospheric pressure distribution (isolines) and the path of the Kuroshio current (red
arrow) are also shown. Northerly winds (East Asian winter monsoon) blowing from the Siberian High influence
the climate around Japan in winter (blue arrows). Modified from Mishima et al. (2010).

The Ishigaki coral record and

the East Asian winter monsoon
Ishigaki Island (24°N, 124°E) is in the
marginal East China Sea (Fig. 1), where
the ocean environment reflects com-
plex influences from the Kuroshio
Current and the East Asian monsoon.
Although 60 can record changes in
both SST and SSS, at Ishigaki, seasonal
SSS changes are very small, whereas
seasonal SST are well reflected by the
6'80 values. Winter 60 and observed
SST, measured at Ishigaki Port, showed
a significant linear correlation (Fig.
2A, B), which suggests that the win-
ter 60 data from this coral sample
is a good proxy for reconstructing
past climate change. SST reconstruc-
tions can be used to investigate the
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relationship between the East Asian
winter monsoon (EAWM) and the El
Nifo-Southern Oscillation (ENSO).
Before 1988/1989, the coral-based and
instrumental winter SSTs were related
to the EAWM, whereas after that win-
ter they were more highly correlated
to ENSO, reflecting a regional change
in the climate regime (Tsunoda et al.
2008).

The Ishigaki 60 coral record re-
vealed abrupt cooling during 1900-
1905 (Fig. 2A). This cold event was
also seen in the coral Sr/Ca data, and
its timing is consistent with Japanese
observations of exceptionally low tem-
peratures in the winter of 1902. The
presence of a strong Siberian High
coupled with a strong EAWM and weak
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Figure 2: Time series of (A) annual coral 6'°0 (SST) data, (B) observed winter (December—February average) SST at Ishigaki Island, and (C) residual coral 5O records (A5'¢0)
in the Ogasawara Islands, based on both &'°0 and Sr/Ca. VPDB refers to the Vienna PeeDee Belemnite standard. The coral-based sea surface salinity (SSS) anomaly was
calculated from the regional 6'°0 seawater-salinity relationship (0.42%o per 1 psu; Felis et al. 2009). The yellow bars correspond to the abrupt cooling (1900-1905) inferred
at Ishigaki Island and the abrupt freshening (1905-1910) in the Ogasawara Islands.

westerly winds, possibly accompanied
by active heat convection in the trop-
ics, might account for the cold winter
at this time (Mishima et al. 2010).

Unique observations of
coupled early 20t century
climate events in the
northwestern Pacific

Interestingly, the abrupt cooling
at Ishigaki Island occurred several
years before the abrupt freshening
in the Ogasawara Islands inferred
from the coral isotope and trace el-
ement variations (Felis et al. 2009).
The North Pacific High, which domi-
nates the North Pacific Ocean, affects
SSS; a strong North Pacific High is as-
sociated with high salinity. Strong
westerly winds tend to enhance the
North Pacific High because of its great
height, approaching the height of
the jet stream. Conversely, the fresh-
ening at Ogasawara suggests weak
westerly winds, possibly associated
with a weakened Kuroshio recircula-
tion gyre, which flows from south of
Honshu, Japan’s main island, toward
the Ogasawara Islands. In contrast, the
Kuroshio's path from Taiwan to Ishigaki
Island is relatively stable. Thus Ishigaki
tends to be always under the influence
of the saline Kuroshio and is thus un-
likely to experience freshening such as
that inferred at Ogasawara.

The decrease in SST indicated in
the Ishigaki coral 60 record was not

observed in the Ogasawara coral re-
cord. A strong EAWM, which brings
cold winds to the Japanese archipela-
go, is not likely to affect more pelagic
environments such as the Ogasawara
Islands. The approximately five-year
time lag between the cold SSTs at
Ishigaki and the freshening in the
Ogasawara Islands is consistent with
the findings of Deser et al. (1999), who
reported that changes in the Kuroshio
and associated North Pacific Ocean cir-
culation lagged westerly wind changes
by four to five years. By this mecha-
nism, the early 20™ century cooling re-
corded by the Ishigaki coral may be re-
lated to the surface ocean freshening
record in the Ogasawara coral. Thus,
these records are unique evidences of
coupled ocean-atmosphere phenom-
ena during the first decade of the 20
century in the subtropical northwest-
ern Pacific.

Future research

The reliability of paleoclimate recon-
structions could be improved by ap-
plying the dual proxy approach, uti-
lizing element ratios such as Sr/Ca
along with oxygen isotope data, to the
Ishigaki coral record. This approach
would allow independent reconstruc-
tion of SST and SSS variation and make
it possible to determine whether cold
events around Ishigaki Island are as-
sociated with successive regional
climate regime shifts. Coral-based
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reconstructions are now being ex-
tended to different time windows,
including the Little Ice Age, the mid-
Holocene warm period (Yokoyama et
al. 2011), the last glacial maximum
(Mishima et al. 2009), and the mid-Plio-
cene Warming Period (Watanabe et al.
2011). Also, the investigation of Porites
coral tsunami boulders is a promising
approach for long-term paleoclimate
reconstruction (Suzuki et al. 2008;
Araoka et al. 2010). The robustness of
Porites coral records has been tested
in a series of laboratory culture experi-
ments to provide practical guidelines
for the interpretation of coral climate
proxies (Suzuki et al. 2005; Omata et al.
2008, Hayashi et al. in press).
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Tracing the response of climate to galactic cosmic rays
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Anomalous changes in the heliospheric environment and incident cosmic rays during the Maunder Minimum
in the 17t century may enable us to understand the impact of galactic cosmic rays on Earth'’s climate system.

Solar activity and climate change

The history of solar activity can be re-
constructed by measuring cosmogenic
nuclides such as ™C in tree rings and '°Be
in ice cores. Comparisons between recon-
structed solar activity and climate during
the past 10,000 years have revealed that
their variations are synchronized at a wide
range of time scales, from decades to mil-
lennia. Given that the variability in solar ir-
radiance is assumed to be small (~0.1%), it
is necessary to consider other solar-related
forcings to explain observed climatologi-
cal phenomena such as the expansion of
glaciers and changes in monsoonal activ-
ity. One possible medium of solar forcing

is galactic cosmic rays modulated by the
solar magnetic field in the heliosphere.
The decadal and longer cycles of solar
activity lead to temporal variations in the
attenuation level of cosmic rays. Cosmic
rays influence atmospheric ionization and
the production of cloud condensation
nuclei (Kirkby et al. 2011), although the
detailed mechanism of their influence on
the amount of clouds in the troposphere
is not fully understood. Solar UV and solar
wind also influence the climate by pro-
moting chemical reactions in the strato-
sphere and mesosphere. The intensity of
solar-related parameters follows the 11-
year cycle of solar activity and is more or
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Figure 1: A) Schematic of the heliospheric magnetic field with the Sun located at the center (modified after Jokipii
and Thomas 1981). B) Relation between the numerically calculated intensity of galactic cosmic rays at the Earth and
the waviness of the heliospheric magnetic field (as illustrated by the schematics below the graph), for both positive
and negative polarities of the solar dipole magnetic field (based on Kota and Jokipii 2001). C) Cosmic-ray time
profile at the Earth in the case of a tilt angle of 5° at solar cycle minima and 75° at maxima, as is observed during
the recent decades. D) As for (C), but for tilt angles of 0° at cycle minima, which reproduces the cosmic ray variation
at the Maunder Minimum. Note that the polarity reverses at every maximum of the solar cycle, and that the length
of the solar cycle tends to be longer (e.g. 14 years during the Maunder Minimum) when solar activity is suppressed.
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less synchronized among the various pa-
rameters. This makes it difficult to distin-
guish the climatic influence of cosmic rays
versus other solar-related effects. Here we
discuss the cosmic ray events around the
17% century that might help shed some
light on the influence of cosmic rays on
regional and global climate.

Heliospheric environment and
cosmic rays

Galactic cosmic rays are attenuated in the
heliosphere, which is an expansion of the
wavy solar magnetic field (Fig. 1A). The
complex magnetic structure of the solar
surface is swirled by the 27-day rotation of
the Sun and dragged outward by the solar
wind to form a spirally wound heliospher-
ic magnetic field. The attenuation level of
cosmic rays is influenced by changes in
the intensity of the solar magnetic field,
magnetic polarity, and the large-scale
structure of the wavy heliospheric mag-
netic field. The waviness of the field tends
to be greater when solar activity is high;
consequently, it changes over the 11-year
cycle of solar activity as well as at centen-
nial to millennial time scales. The reversal
in solar magnetic polarity that occurs at
each decadal maximum in the solar cycle
is also influencing the attenuation level
of cosmic rays. The changes in the polar-
ity of the solar magnetic dipole and in the
direction of the solar magnetic field line
alter the trajectory of positively charged
galactic cosmic rays in the heliosphere. A
numerical simulation of the intensity of
cosmic rays incident to the Earth can re-
produce variations in the intensity of cos-
mic rays due to changes in solar magnetic
polarities (Fig. 1B; Kota and Jokipii 2001).
In recent decades, the waviness of the
heliospheric magnetic field has been sup-
pressed to about 5° at cycle minima, and
has increased to about 75° at cycle max-
ima. The observed cosmic ray variations
are well reproduced by the simulated time
profile in Figure 1C; however, changes in
the range of tilt angles can cause anom-
alous variations in the time profile of
cosmic rays incident to the Earth. For ex-
ample, if we assume that the heliospheric
magnetic field is completely flattened at



every cycle minimum, the graph in Fig. 1B
suggests that the time profile of cosmic
rays would become that shown in Fig. 1D.
Indeed, the record of beryllium-10 from
an ice core in Greenland (Fig. 2C; Berggren
et al. 2009) reveals that cosmic ray varia-
tions at the Maunder Minimum, a period
of very low sunspot activity in the 17
century, may have had the profile shown
in Fig. 1D (Yamaguchi et al. 2010). The °Be
record around the Maunder Minimum (AD
1645-1715) shows four anomalous spikes
near minima of the solar cycle at negative
polarity. The intensities of the cosmic-ray
spikes are 30%-50% greater than those
of peaks during times of positive polar-
ity. We propose that the disappearance of
sunspots at the Maunder Minimum (Fig.
2D) resulted in a completely flattened he-
liospheric magnetic field at solar minima,
and caused anomalous enhancements in
incident cosmic rays. It is also possible that
maxima in long-term solar activity, such as
the Medieval Solar Maximum, are charac-
terized by anomalous temporal variations
in cosmic rays.

Regional and global responses to
cosmic ray spikes

The anomalous variations in cosmic rays
during the Maunder Minimum enable us
to trace the response of regional-global
climate to galactic cosmic rays, and to
understand the response of the climate
system overall. It can be assumed that
decadal-scale variations in solar irradi-
ance and UV were suppressed during this
70-year period, given the absence of sun-
spots. In contrast, variations in cosmic rays
were amplified during this period due to
changes in the heliospheric environment,
and four anomalous spikes occurred dur-
ing this time. A comparison of the recon-
structed climate and cosmic-ray-induced
nuclides during the Maunder Minimum
reveals that annually resolved records of
climate from Greenland and Japan have
synchronized  1-year-scale anomalies
around the time of these four spikes (Fig.
2; Yamaguchi et al. 2010). The Be record
from the Greenland ice core has a dat-
ing error of several years, giving rise to a
discrepancy in timing between the Be
record and the two climate records; how-
ever, a comparison of the superimposed
spikes in C and climate data obtained
from annually-dated tree rings suggests
that the climate responded to the 1-year
cosmic ray spikes without a time lag. A
search for these 1-year spikes in climate re-
cords (e.g. precipitation and temperature)
over the globe may help to understand
how cosmic rays affect the climate system.
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Figure 2: Temporal trends in (A) relative humidity in Japan reconstructed based on 'O in tree-ring cellulose (Yama-
guchiet al. 2010), (B) reconstructed temperature in Greenland based on 'O in ice cores (Vinther et al. 2003), (C)
cosmic-ray-induced nuclides (Berggren et al. 2009), and (D) sunspot numbers (Hoyt and Schatten 1998). Open
circles denote annual-scale 30%-50% enhancements in cosmic rays (C), and the corresponding climate response
(A, B). Blue and red shadings periods of negative and positive solar polarity, respectively. Figure modified from

Yamaguchiet al. 2010.

Changes in the 11-year solar cycle

Frequency analyses of annually resolved
“C records obtained from absolutely-
dated tree rings enable a reconstruction
of past changes in the solar decadal cycle.
The long-term record of 'C reveals that
solar activity has quasi-periodic varia-
tions at centennial to multi-decadal time
scales, and that a long-term absence of
sunspots occurs every 100-300 years. The
“C records also show that the solar cycle
continues uninterrupted during periods
without sunspots, such as the Maunder
Minimum, although the length of the cy-
cleincreases from 11 to ~14 years (Fig. 1D).
Inversely, the *C record indicates shorter
periods in the solar cycle during maxima
in long-term solar activity. During the
Early Medieval Solar Maximum (9®-10t%
centuries), the length of the solar cycles

decreased from 11 to ~9 years (Miyahara
et al. 2008).

These results suggest that the inci-
dent cosmic rays have complex time pro-
files at decadal to multi-decadal scale, due
to the changing solar cycle length and the
heliospheric environment. This variation
may help explain the complexity of multi-
decadal climate variations.
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Document-based reconstruction of past climate in Japan
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Proxy and instrumental data from historical documents in Japan provide a picture of climate variability during

the “Little Ice Age”.

Paleoclimate reconstruction is essen-
tial for understanding past climate
variability and its driving mechanisms
within the global climate system. From
the abundant historical documents pre-
served in Japan, unique climate recon-
structions have been developed using
qualitative meteorological information
contained in them. Additionally, docu-
ments with instrumental meteorological
data collected before 1872, when offi-
cial meteorological observations began,
were recently discovered and prepared
for scientific analysis. Such approaches
to reconstructing past climates are in-
cluded in the field of historical climatol-
ogy. In this article, the characteristics of
these proxy and instrumental data from
documentary sources are introduced and
reconstructed climatic variations in and
around Japan are described.

Qualitative meteorological
information from historical
documents

In Japan, official meteorological data
collected by the Japan Meteorological
Agency (JMA) have been available only
since 1872. There are however, several
kinds of historical documentary sources,
which enable reconstructions of climate
variations before the 19t century in and
around Japan. Historical documents in-
cluding diaries of individuals, logs of clan
offices, government documents, and re-
ports from temples and shrines are pre-
served in local libraries and museums.
These documents often contain daily
weather descriptions such as “cold”, “fine”,
“rainy” and “windy”, and mention special
climate-related natural phenomena such
as “lake freezing” and “flower blooming”.
Figure 1 is an example of a sum-
mer temperature reconstruction based
on daily weather descriptions from the
Ishikawa diaries; continuous family dia-
ries kept in the western suburbs of Tokyo
from 1721 to 1940 (Mikami 1996). Under
present conditions, generally hot sum-
mers are experienced in Japan under the
influence of strong subtropical highs,
which bring dry and sunny weather con-
ditions. Cool summers occur under the
influence of stagnant polar fronts and

(C)}
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27 - — Reconstructed

July Temperatures in Tokyo
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Figure 1: Time series of reconstructed (green lines) and observed (black/gray lines) July temperatures in Tokyo
for 1721-2000. Thin lines indicate year-to-year variations and thick lines indicate 11-year running mean. Figure

modified and updated from Mikami (1996).

passing extra-tropical cyclones, which
bring cloudy and rainy weather condi-
tions. As the number of rainy days highly
correlates with the mean temperature in
a summer month, especially in July (the
correlation coefficient is -0.70 based on
the JMA data for 1876-1940), it is possible
to reconstruct July temperatures in Tokyo
for the period 1721-1940 based on the
weather records in the Ishikawa diaries.
The reconstructed temperature series
show several cooler and warmer periods.
From 1721 to 1790, temperatures are es-
timated to have been about 1 to 1.5°C
lower than at present. It should be noted
that the temperatures in the 1780s were
often very low with large inter-annual
variations. In the summer of 1783, an ex-
tremely poor rice harvest occurred due to
exceedingly cool and wet conditions, and
this unusual weather led to a severe fam-
ine in Japan. In the 19* century, in con-
trast to the warmer periods of the 1810s
and the early 1850s, the 1830s, late 1860s
and late 1890s were relatively cool, and
great famines occurred in the 1830s as
they had in the 1780s. For the tempera-
tures during the modern period, it is also
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notable that Tokyo has a very strong ur-
ban heat island effect and this is likely to
have contributed to warming evident in
the 20™ century.

As with the reconstruction of sum-
mer temperatures, winter temperatures
in Nagasaki, in southwestern Japan have
been reconstructed based on a highly
correlated relationship between snowfall
ratio and monthly winter temperatures
(Mikami 1992).

In addition to the temperature recon-
structions, historical documents and oth-
er documentary sources have been used
to reconstruct a chronology of typhoons
affecting Japan in the 19" century based
on diary weather descriptions of “strong
wind”and “strong rain” which could be as-
sumed to describe typhoon events. These
weather descriptions were corroborated
by reports in other historical documents
(Grossman and Zaiki 2009).

Information about special climate-
related natural phenomena such as
“lake freezing” and “flower blooming”
are also contained in historical docu-
ments. The dates of the complete freez-
ing of Lake Suwa in central Japan have
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Figure 2: Time series of West-Japan Temperature (WJT) anomaly for the period 1820-2010. Blue line is derived from newly recovered meteorological data, black line is from
official JIMA data, and the gray thick line is a smoothed 11-year running mean. Figure modified and updated from Zaiki et al. (2006).

been recorded by the Suwa shrine since
the 15" century and winter tempera-
tures were reconstructed based on cor-
relations between the freezing dates
and December/January temperatures
(Mikami and Ishiguro 1998). Additionally,
March mean temperatures in Kyoto since
the 9™ century have been derived from
the cherry blossom flowering date re-
cords (Aono and Kazui 2008; Aono and
Saito 2010).

Instrumental records before the
foundation of the Meteorological
Agency

Prior to the founding of JMA, no instru-
mental meteorological records were be-
lieved to exist in Japan apart from quali-
tative weather descriptions in historical
documents. However, documents con-
taining instrumental meteorological data
collected in several locations in the 19*
century have been (re)discovered. Sub-
daily meteorological records from the
first half of the 19t century were collect-
ed routinely by Dutch scientists living in
Japan and by the so-called “Dutch Study”,
Japanese scholars who learnt modern
western science from the Dutch. Also, in
the second half of the 19t century at the
end of the period of international isola-
tion of Japan, various Europeans (French,
German, Russian) and Americans came
to Japan and carried out meteorological
observations.

The recovered instrumental observa-
tions cover the periods 1825-1828, 1839-
1855, and 1872-1875 in Tokyo; 1860-1874
in Yokohama; 1828-1833 and 1869-1871
in Osaka; 1869-1871 and 1875-1888 in

Kobe; and 1819-1878 in Dejima/Nagasaki
(Konnen et al. 2003; Zaiki et al. 2006).
Before the scientific analysis of the recov-
ered data, the temperature and pressure
data were converted to modern units
and digitized into a computer readable
format. The pressure data were corrected
for temperature, elevation, and grav-
ity where needed. The temperature data
were homogenized to compensate for
changes in recording location. Then, both
data sets were homogenized to account
for varying observation schedules. The
corrected and homogenized data were
shown to be reasonable after further
testing for homogeneity and comparison
with modern JMA data.

The availability of the recovered 19
century temperature observations taken
at five locations made it possible to con-
struct a West-Japan Temperature (WIJT)
series, a representative temperature se-
ries for the western Japan region (Fig.
2; Zaiki et al. 2006). The results indicate
the existence of a relatively warm period
from the late 1840s to the 1850s with a
few interspersed cold years over western
Japan followed by a downward tempera-
ture trend that lasted until the early 20t
century as previously observed in the
documentary data.

The significance of historical meteo-
rological data recovery in Japan reaches
beyond just being an extension of the
Japanese instrumental record back in
time. First, the recovered series occur in a
region of the world that is poorly covered
by instrumental data, and second, it over-
laps with the series of qualitative weather

descriptions in historical documents kept
at many places in Japan.

Conclusions

A number of climate reconstructions
based on qualitative weather descrip-
tions have been carried out in Japan.
Although the reconstructed data repre-
sent temperatures in particular months
or seasons, they have sufficient time reso-
lution to characterize inter-annual varia-
tions. Additionally, using this approach
for reconstructing a chronology of ty-
phoons further demonstrates the impor-
tance of historical climatology in Japan.
The instrumental meteorological data
collected before the founding of the JMA
provide sub-daily meteorological data. In
the future, more records will be needed
to fill in gaps in this fragmented record.
Past climate variations reconstructed
from Japanese historical documents part-
ly enable us to discuss the “Little Ice Age”
period especially with regard to regional
differences and the magnitude of the
cold. To achieve this, further exchange of
and constructive corroboration with past
climate information reconstructed from
various proxy sources will be needed.
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To reconstruct the relationship between humans and their environment in the Japanese Archipelago, several
chronological charts were compiled based on a collective work by interdisciplinary research groups.

apan is one among 34 global bio-

diversity hotspots (Conservation
International 2012). The Japanese
Archipelago extends over 3000 km from
north to south, and includes subarctic,
cool temperate, warm temperate and
subtropical climatic zones. There is evi-
dence that these diverse climatic zones
existed even during the global environ-
mental changes that have taken place
over the past 100 ka (Tsukada 1983).
Under the influence of climatic change
and human activities, the distribu-
tion of individual species of plants and
animals in the Japanese Archipelago
has constantly changed. Populations

and diminished in response to changes
in the availability of suitable habitat.
Where suitable habitat was unavailable,
the species became extinct.

The knowledge and skills that hu-
mans have developed seem to harbor
the idea that biological resources should
be used in a sustainable way, and the de-
sire to harvest without fear of exhaust-
ing the limited resources. Throughout
the period of human habitation, the
Japanese Archipelago has been blessed
with a warm climate and abundant rain-
fall, and consequently abundant bio-
resources. But were those resources
overused and exhausted in the past?

a project to investigate: 1) How subsis-
tence and economic systems were main-
tained in the past, and how and why
they ended, and 2) the underlying social
system (social structure, economic foun-
dation, system of spatial organization,
technical system, perception of nature)
and how it evolved after the collapse of
the subsistence and economic systems.

Research methods and structure

To elucidate the historical process
of change in human-nature relation-
ships in Japan, we used regional pol-
len records, archeological remains and
historical documents. In addition, we

have repeatedly divided, expanded To answer these questions, we initiated examined the historical and economic
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Figure 1: Chronological chart of the Japanese Archipelago during 0-2000 AD. The periods of governance and their names are given at the top of the figure.
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Figure 2: Chronological chart of the Japanese Archipelago during 1850-2010 AD. The periods of governance and their names are given at the top of the figure.

background, in particular knowledge
and skills concerning the environment,
to study their relation to the disappear-
ance or thriving of plants and animals
that were closely related to human sub-
sistence. The project was subdivided
into several working groups:

1) To reconstruct and analyze ancient
vegetation and changes in the distribu-
tion of plant and animal species based
on fossil records (Sasaki and Takahara
2011; Sasaki and Takahara 2012), DNA
from living organisms, and historical
documents (Kawase et al. 2010; Tsujino
etal. 2010),

2) To reconstruct regional human diets
by analyzing stable isotopes on human
and faunal bones (Kusaka et al. 2010),

3) To reconstruct the past human-nature
relations and analyze the regional social
systems.

4) To synthesize the evidence and ideas
from the project, and propose policy
and guidelines for better human-envi-
ronment interaction.

Compiled chronological charts

A series of chronological charts of envi-
ronmental history for each region were

compiled from epoch-making events
on environmental issues and policy
changes on resource managements (Fig.
1 and 2). The charts were completed
by adding data of estimated vegeta-
tion changes (based on pollen analysis)
and population change (based on his-
torical demography). In total, more than
6000 chronological data were compiled
in a time-sequence database. High-
resolution climatic data are still missing
in the compilation, but will be imple-
mented at a later stage. The chrono-
logical charts revealed that the multi-
layered governance (e.g. community,
local government, national government,
international organization) either sus-
tainably managed their bio-resources or
collapsed.

“Wise use” of what, by whom,
for whom

The expression “wise use” was defined
as the knowledge and skills needed to
use the bio-resources and ecosystem
services in sustainable ways. Examples
of “wise use” and “unwise use” from each
region were sorted out and catego-
rized by identifying which multi-layered
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governance took an initiative role. Our
results showed that governance at the
community level always played a critical
part in the sustainable use of the ecosys-
tem services, whereas regional gover-
nance covering wider areas sometimes
led to their collapse. This is an important
lesson from the past, showing that the
community level or local layer of gover-
nance driven by the people who suffer
most from the degradation of the eco-
system service should be given priority
over larger-scale governance. Also, in
cases showing sustainability or recovery
from a collapse, collaboration between
the local communities and regional to
national governances was critical.
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A tree-ring based reconstruction of decadal annual mean temperature over temperate North America for the
period 1200-1980 is presented. Temperatures generally cool from the early 1300s to the early 1800s and are
consistently above the long-term mean after the early 1900s, a unique feature in this record.

he PAGES 2k Network initiative aims to

reconstruct basic climate variables for
the last 2000 years. This article describes
an effort to produce a long (1200-1980
AD) annual temperature reconstruction
for temperate North America (30-55°N,
75-130°W) at decadal-average resolution
based on tree-ring records primarily from
western North America. We describe the
methodology used in the reconstruction,
briefly compare it with lower resolution re-
gional temperature reconstructions based
on fossil lake pollen records from upper
midwestern and northeastern United
States (Wahl et al. 2012; Viau et al. 2012),
and offer a brief discussion of our results
in the context of other climate reconstruc-
tion studies (e.g. Hughes et al. 2011).

Two semi-independent tree-ring data
sets (approximately 30% overlap) are used
in the reconstruction. One set extends
from 1500-1980 AD covering an area

in western mid-latitude North America
bounded by 30°-55°N, 95°-130°W (with
one additional chronology in west-central
Mexico, Wahl and Smerdon 2012). The
proxy data were calibrated and validated
using the HadCRUT3v 5°x5° gridded sur-
face temperature data for the selected re-
gion for the period 1875-1980. The result-
ing annual temperature reconstruction is
hereafter referred to as the WS12 series. A
second tree-ring data set covering a lon-
ger period (1200-1980 AD) and extending
into eastern North America in the same
latitude range and into Alaska and the
Canadian Yukon was calibrated and vali-
dated against the western-region modern
record in the same manner as WS12.
Similar to other reconstructions
that use sequential calibrations go-
ing back in time, the longer time series
(1200-on), while well validated, exhib-
its lower skill than the shorter WS12

reconstruction. WS12 exhibits validation
grid-scale RE/spatial-mean RE/spatial-
mean CE of 0.40/0.62/0.42, respectively,
while the 1200-on reconstruction ex-
hibits 0.13/0.53/0.31 for the same mea-
sures, respectively. We thus used WS12
as the reconstruction for 1500-1980 AD
and joined the 1200-on reconstruction
to it to cover the period 1200-1499 AD.
To ensure comparability across the splice
at 1500 AD, we regressed WS12 onto the
1200-on reconstruction over the 1500-
1980 AD period, and then used this re-
gression and the 1200-on reconstructed
values to fit WS12-consistent values for
the western region spatial mean during
1200-1499 AD. Decadal averages of this
common 1200-1980 AD western tem-
perate-reconstruction were then used
as predictors in a calibration against in-
strumental decadal averages of annual
temperatures over the larger mid-latitude

Temperate North America Decadal T Reconstruction 30-55°N by 75-130°W

Regional Mean T anomaly (wrt 1904-1980)

Red: Entire region (dashed: 1200-1980 mean, thin solid: 99% probability range, shading: relative probability density)
Blue: Western North America only
Black: Entire region instrumental

1200 1300 1400

— 7T
1500 1600 1700

Years AD

1800 1900 2000

Figure 1: Reconstruction of annual mean temperature deviations from a 1904-1980 AD average (thin black line) for North America (30°-55°N, 75°-130°W). Values shown are
decadal means and a lowess filter to highlight low frequency fluctuations. The average for the full period of record (1200-1980 AD) for the entire region is shown as a dotted red
line, variable shading gives relative probability density for each decadal value, thin red envelope lines denote 99% probability range associated with each decadal mean value.
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domain 30°-55°N, 75°-130°W, for a period
covering 1850-1980 AD (n=13, using the
infilled instrumental data set of Mann et al.
2009). Finally, this calibration fit was used
to reconstruct decadal averages of annual
temperature over the larger domain for
the entire 1200-1980 AD period (n=78).
In both regressions, the fitted values were
scaled so that their variance matched that
of the target data during the fitting period.
The results are shown in Figure 1; the red
(blue) curves give the full (western) North
American expected value (EV) reconstruc-
tions, and the black curve shows the 1850-
2000 AD full North American instrumental
values.

Uncertainty estimation was done
using the uncertainty ensembles gener-
ated for both the WS12 and the 1200-on
reconstructions (see Wahl and Smerdon
2012 for the statistical bootstrap method
used) in a two-way Monte Carlo design. In
this design, the process described above
to estimate the EV reconstructions was
repeated for each possible combination
of 500 WS12 and 500 1200-on ensemble
members. The 99% probability range es-
timated by this analysis (from the 0.005
and 0.995 quantiles of the MC output) is
shown by the thin solid red line in Figure
1. Note that these 99% ranges are for the
decadal means and thus are significantly

narrower than the corresponding ranges
for annual values would be expected to
be, from theory of the standard error of
the mean.

Several side-by-side comparisons of
the tree-ring derived reconstruction with
observations were done to investigate its
ability to reproduce the large-scale pat-
terns of change on decadal and multi-
decadal time scales. The comparisons (not
shown) indicate that the western North
America-based reconstruction captures
the primary features of temporal variabil-
ity during the instrumental period, along
with many sub-regional spatial features
such as warming in the interior Southwest
associated with the 1950s drought, and
also likely captures decadal variability
over the larger continental region east to
75°W. Additionally, the reconstruction
was compared against lake-sediment pol-
len temperature reconstructions for the
Upper Midwest and eastern portion of the
mid-North American continent (Wahl et al.
2012; Viau et al. 2012; Trouet et al.,, this is-
sue). We find general agreement between
the results shown here and the bulk of the
regional temperature reconstructions re-
ported in these pollen-based studies.

There have been relatively few re-
construction studies of long-term North
American temperature compared to

precipitation or related drought indices
(e.g. Cook et al. 1999, 2007). We single out
two recent articles (Kaufman et al. 2009;
Ljunqvist et al. 2012) that present millen-
nial length reconstructions for portions of
the Northern Hemisphere, since they in-
clude some information regarding North
American temperature changes. A direct
comparison between these reconstruc-
tions and that of Figure 1 is not possible
however, because of differing reference
periods and data sources on the one hand
(Ljunqvist et al. 2012) and a pan-Arctic re-
gional focus on the other (Kaufmann et
al. 2009). Nevertheless, some similarities
are evident, particularly the cold periods
of the 17" and 19* centuries, and warmer
temperatures prevailing prior to the 15%
century.
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We present a tree-ring and pollen based mean annual temperature reconstruction for temperate North America
(480-1980 AD) that shows two prominent low-frequency periods: the warmer Medieval Climate Anomaly (750-
1100 AD) and the cooler Little Ice Age (1300-1850 AD).

he PAGES 2k Network initiative aims

to reconstruct climate variables for
the last 2000 years. In a parallel effort,
the NAM2K group produced an 800-
year (1200-1980 AD) decadal scale an-
nual mean temperature reconstruction
using a network of tree-ring records
in western North America (Wahl et al.
2012a, this issue; Wahl and Smerdon
2012). That reconstruction is referred to
henceforth as D1200 (for decadal 1200).
Here we present a pollen-based 30-year

resolution mean annual temperature re-
construction for the temperate region
of North America (30°-55°N, 95°-130°W)
extending D1200 back to 480 AD. In the
following, we describe the methodology
used for this reconstruction and briefly
compare it with other regional tempera-
ture reconstructions.

We performed a principal compo-
nent analysis (PCA) using four North
American regional pollen-based tem-
perature reconstructions (Viau et al.
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2012); specifically those based on pollen
sequences from deciduous, hardwood,
boreal, and mountain ecoregions of
North America. The prairie ecoregion re-
construction for the center of Northern
America was not used as its vegetation is
mainly controlled by precipitation (Viau
et al. 2012). Mean annual temperature
reconstructions were used instead of
summer temperature anomalies as in
Viau et al. (2012) for a more direct com-
parison of the pollen reconstructions to
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D1200. The resulting 30-year PCA scores
(360-1950 AD; n=54) were then included
in a stepwise multiple linear regression
against the D1200 curve. For this pur-
pose, D1200 was smoothed usinga ~110
year lowess filter and sampled every 30
years to conform with the time scale
and sampling resolution of the pollen-
based reconstructions. Three combined
PC axes explaining 87% of the common
variance in the pollen reconstructions
were retained in the stepwise regression
and explained 33.4% of the variance
(corrected for autocorrelation) in D1200.

Uncertainty was estimated based
on the 1 and 2 standard error (SE) lim-
its for the pollen-based reconstructions
and the SE of the regression model. The
SEs for the pollen-based reconstructions
were developed using a Monte Carlo
resampling technique that generated
random sequences by sampling values
at each time step of the individual pol-
len series within each series' uncertainty
limits. This process was repeated 10,000
times to generate the pollen-based re-
construction uncertainty bands. These
were then inputted into the previously
developed PCA and multiple linear re-
gression equations to determine the
component of the overall 1SE and 2SE
uncertainty limits that is inherent in the
pollen-based reconstruction method.
The pollen-based reconstruction 1SE
and 2SE limits estimated in this manner

were augmented with the correspond-
ing regression 1SE and 2SE values at
each time step, by adding the squares of
the errors and taking the square root of
the sum. Because estimated uncertain-
ties were unrealistically high prior to
480 AD, we truncated our temperature
reconstruction at this date.

Comparison between D1200 and
the pollen reconstruction is quite rea-
sonable (Fig. 1). Except for a peak around
1300 AD, the smoothed D1200 falls near-
ly entirely within the 1SE uncertainty en-
velope. The overall amplitude of change
for the entire period is ~+0.55°C and
thus falls within the range of amplitudes
found for hemispheric-scale tempera-
ture reconstructions over the last millen-
nium (0.4-1°C, see Esper et al. 2012). The
start date of our reconstruction is too
recent to capture warmth during Roman
times (0-400 AD) and this is likely one
of the reasons why a millennium-scale
cooling trend, caused by orbital forcing,
is not as evident as in high-latitude tem-
perature reconstructions for the same
period (Kaufman et al. 2009; Esper et al.
2012).

There are three prominent low-fre-
quency periods in the North American
extended reconstruction, notably the
cooler Dark Ages (ca. 500-700 AD), Little
Ice Age (ca. 1300-1850 AD), and warmer
Medieval Climate Anomaly (MCA; see
also Wahl et al. 2012b). Our results show

that the MCA, here between ca. 750 and
1100 AD, was slightly warmer than the
baseline period (1904-1980 AD), but
much cooler than the early 21st century
(Fig. 1). The MCA shows peaks around
850 and 1050 AD. Following the MCA,
mean annual temperatures decreased
until the mid-19™ century, after which
temperature began to increase rapidly.
Our reconstruction shows similarities
with other long temperature recon-
structions, not only at the centennial
scale (e.g. cold Dark Ages in Blintgen et
al. 2011), but also at the decadal scale.
Warmth in the mid-11t% century and cool
17% and 19™ centuries, in particular, are
well replicated in multiple hemispher-
ic-scale temperature reconstructions
(e.g. Frank et al. 2010; Mann et al. 2009;
Moberg et al. 2005).
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Figure 1: Reconstruction (dark green curve) of 30-year averages of annual mean temperature deviations from a 1904-1980 AD average for North America (30°-55°N, 75°-
130°W). Values shown correspond to the combination of three pollen-reconstruction PCs resulting from a stepwise multiple linear regression with the 30-year-subsampled RC
temperature series (red curve), and thus reflects low frequency variations. Dashed (full) light green lines give 2SE (1SE) uncertainty estimations associated with each 30-year
value. Full black curve shows comparably smoothed instrumental temperature values. Dotted black line represents the average deviation for the period 2000-2006 AD, also

from comparably smoothed instrumental data.
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Future Earth - Research For Global Sustainability
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Change is on the way for Global Environmental Change.

You may have heard some buzz around
an initiative called Future Earth. The
project, in the works since 2009, will affect
all Global Change scientists, and is expect-
ed to become operational over the next 1-2
years.

Future Earth is expected to give Global
Environmental Change (GEC) science a
total makeover, by unifying existing pro-
grams and removing disciplinary boundar-
ies, ultimately creating more streamlined
communication and cooperation across
the broad range of GEC disciplines.

An alliance of several organiza-
tions—jointly representing international
cooperation, education, and GEC science
funding—is behind Future Earth. The pro-
gram will unify three of the four existing
GEC programs, namely the International
Human Dimensions Programme (IHDP),
DIVERSITAS, and PAGES' parent orga-
nization, the International Geosphere-
Biosphere Programme (IGBP). The fourth
GEC program, the World Climate Research
Programme (WCRP), will be associated with
Future Earth while remaining a separate
entity.

The program’s full name, "Future
Earth- research for global sustainability",
indicates that it is more than a mere merger
of program themes, however. Future Earth
activities will be expected to contribute to
finding solutions toward challenges that
societies face as a direct or indirect con-
sequence of environmental change. (See
Figure 1 for a visual illustration of these
goals.)

Achieving this will require lively com-
munication between the producers and us-
ers of scientific knowledge, i.e. between sci-
entists and stakeholders. Thus, Future Earth
is set to involve not only a broad spectrum
of scientists, but also of stakeholders, from
policy-makers to those in industry. The
idea is to invite stakeholders to co-design
research agendas and to even co-produce
knowledge. By bringing together natural
and social sciences, humanities, econom-
ics, and technology development, Future
Earth aims at a broadly interdisciplinary
and inclusive effort, better suited for effec-
tively tackling interconnected and multi-
faceted problems.

Conceptual framework for Future Earth

Global sustainability within Earth system boundaries

Human
well-being

Cross scale interactions from local to regional and global scales\

Human and natural
drivers

Global
Environmental
Changes

Future Earth at Present

So far, a task force group (Transition
Team) has been set up, which has drafted
frameworks for the research and for the
structural organization of Future Earth.
While still subject to modifications, the cur-
rent version of the research framework con-
tains three broad themes:

(1) Dynamic Planet: Observing, explaining,
understanding, projecting Earth, environ-
mental and societal system trends, drivers
and processes and their interactions; antici-
pating global thresholds and risks.

(2) Global Development: Providing the
knowledge for sustainable, secure, and fair
stewardship of food, water, biodiversity,
health, energy, materials, and other ecosys-
tem functions and services.

(3) Transformation toward Sustainability:
Understanding transformation processes
and options, assessing how these relate
to human values, emerging technologies
and economic development pathways, and
evaluating strategies for governing and
managing the global environment across
sectors and scales.

Future Earth and PAGES

PAGES has provided occasional input
to Future Earth’s development in several
ways. Given that Paleoscience can obvi-
ously contribute a lot to Theme 1, and to
some aspects of Theme 2, PAGES has pro-
vided the Future Earth Transition Team with
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two “Past lessons” essays that explain how
paleoscience can contribute generally to
climatic and environmental themes. These
essays can be downloaded from the PAGES
website (Products > Other).

Additionally, the PAGES Scientific
Steering Committee has put forward sev-
eral requests to developers of Future Earth:
To make sure that existing communities
and expertise are maintained, to commit
to basic science, to complement disciplin-
ary science with a well-funded platform for
interdisciplinary science, to provide pro-
fessional science communication, and to
adopt long-term and historical/geological
observations as part of their observation
strategy.

The shifting framework of GEC sci-
ence is prompting associated communities
and organizations to revisit their agendas
and strategies. For PAGES, the upcoming
Open Science Meeting titled "The Past: A
Compass for Future Earth" will serve as a
platform to discuss the opportunities and
challenges Future Earth could bring to pa-
leoscientific research, and how PAGES can
help to make best use of the opportunities
while mastering the challenges.

This Program News article provides
only a brief introduction to Future Earth.
For more detailed information, please visit
the Future Earth website at: http://www.
icsu.org/future-earth.

®

89



90

Sea Ice Proxy Working Group (SIP)
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Figure 1: The edge of the pack ice in the Weddell Sea. Photo by P. Bucktrout (British Antarctic Survey, UK).

he sea ice is a crucial component of

the polar climate system, and has
an impact on albedo, heat and gas ex-
change, primary productivity and car-
bon export, atmospheric and ocean
circulation, freshwater budget, ocean
stratification, and deep water mass for-
mation. It is therefore critical that it is
correctly specified as a forcing or pre-
dicted as a feedback in modeling stud-
ies.

However, full and reliable knowl-
edge (through satellite observation) of
the area and seasonal variability of sea
ice extends only to 1978. Some earlier
observational data are available, but
their coverage is patchy and their reli-
ability uncertain. Proxy data are there-
fore critical for extending the sea-ice re-
cord to the geological past, to improve
understanding of the interplay between
sea ice and the climate system over a
broad range of conditions.

Apart from the more intermittent
(such as occurrence of terrigenous com-
ponents, driftwood or whalebone) or
indirect (inference of climate and hence
sea ice from terrestrial data) methods,
the most important sea-ice proxies are
derived from marine sediments and ice
cores. In the marine records, proxies
such as diatom or dinoflagellate cyst
assemblages and organic biomarker oc-
currence have been used. In ice cores,
sea salt and methanesulfonic acid have

been proposed as chemical proxies.
However, there are uncertainties on the
reliability of each proxy, and insufficient
knowledge of the modern processes
that control them.

PAGES has therefore set up the Sea
Ice Proxies (SIP) Working Group with the
objective to critically assess and com-
pare the different proxies for sea ice,
in order to make recommendations on
their reliability and applicability in the
Arctic and Antarctic. An extended objec-
tive will be to facilitate the production of
new synthesis estimates of past sea-ice
extent based on the assessed proxies.

In the Southern Hemisphere most
sea-ice extent estimates from marine
sediments are based on diatom assem-
blages from marine sediments, but dif-
ferent methods and species are consid-
ered and a new biomarker-based proxy
(similar to the isoprenoid biomarker
IP25 used in the Arctic) is under devel-
opment.

In the Arctic Ocean and subarctic
seas, a wide range of proxies is used in
marine cores, including the occurrence
of particular diatoms, dinoflagellate
cysts, foraminifera and ostracodes; more
recently the concentration of IP25 has
become a popular proxy. In ice cores,
both methanesulfonic acid and sea salt
sodium have been proposed as sea ice
indicators.
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Goals of this WG

(i) To assess each proxy individu-
ally: What is the physical, chemical and
biological basis for its use? What is the
sea-ice related parameter for which it
may permit reconstruction? How has
it been calibrated and how robust and
stationary is that calibration? In what
geographical and temporal range is the
proxy reliable?

(i) Where different proxies are
available, to inter-compare their find-
ings and develop a strategy for multi-
proxy compilation and reconstructions.

(iii) To prepare recommendations
on proxies suitable for making robust
estimates of past sea ice conditions.

These methodological aspects will
make up the majority of the work of
the Working Group. However we will
work with existing projects such as the
EU Past4Future to deliver new synthesis
estimates of past sea-ice extent for key
time periods.

Afirst workshop was held at GEOTOP
in Montreal, Canada in March 2012 and a
separate report will be submitted sum-
marizing that. It was aimed mainly at
assessing the significance of each proxy
and addressing the questions in para-
graph (i) above.

A second workshop will be held in
Cambridge (UK) in 2013.
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he Sun is the main driver of the climate
system. However, its contribution to
climate change is still highly uncertain de-
spite the considerable scientific advances
made in recent years. A large number of
new paleoclimate records with high tem-
poral resolution have been produced.
Simultaneously, high precision measure-
ments of the solar total (TSI) and spectral
(SS) irradiance have been performed us-
ing satellite bound radiation monitors.
Attempts have been made to use proxies
of solar activity to extend the instrumental
records of TSI and SSI back in time for the
past 10 ka. In order to link the solar forc-
ing with the observed climate response,
climate models have been improved to
simulate dynamical couplings between
stratosphere and troposphere, the effect
of UV changes on the ozone, and the influ-
ence of solar energetic particles and cos-
mic rays on the upper atmospheric chem-
istry (Gray et al. 2010; Wanner et al. 2008).
In spite of these significant efforts
many open questions remain; some of
which will be addressed by the new PAGES
working group on solar forcing.

Calibration of the instrumental
TSI record

Since 1978 TSI is continuously measured
most of the time simultaneously by sev-
eral instruments on different satellites.
Different research groups applying differ-
ent corrections produced at least three
different TSI composites with significant
discrepancies. A new instrument points
to a mean TSI that is about 5 Wm? lower
than the often-assumed value of 1365
Wm-2, Nevertheless, simple semi-empirical
models of TSI are capable of reproducing
the observed annual and shorter changes.
However, the physical mechanisms that
relate solar activity with TSI and SSI chang-
es are still not well understood.

Past role of solar forcing

Even larger discrepancies exist between
the long-term reconstructions that are
based on proxy data such as cosmogenic
radionuclides. These nuclides are pro-
duced by cosmic rays in the atmosphere
and stored in polar ice ('°Be) and tree rings
(**C). Their production rate is to a large ex-
tent modulated by solar activity. However,
the geomagnetic field intensity and the
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Figure 1: Background picture - The Sun emitting electromagnetic radiation and hot plasma (solar wind) carrying
magnetic fields. While the radiation reaches the Earth directly solar particles are partly shielded by the geomagnetic
field. Graph - Sunspot numbers reflect the solar magnetic activity which is dominated by the 11-year Schwabe
cycle. The reconstructed smoothed total solar irradiance (TSI) follows the envelope of the sunspot record with
minima at 1645-1715 AD (Maunder Minimum) and at 1790-1830 AD (Dalton Minimum) and a maximum in the

second half of the 20" century.

transport from the atmosphere into the ar-
chive also play a role. The main problem is
that these proxies need to be calibrated by
the instrumental TSI data, which besides
their own uncertainties only cover 30 years
of high and relatively constant solar activ-
ity (grand maximum). The instrumental re-
cord is therefore not representative of the
mean global solar activity of the Holocene.
This raises the fundamental question of
how much lower TSI and SSI were during
grand solar minima such as the Maunder
Minimum. There is general agreement on
the shape of the past solar forcing record,
which is characterized by specific cycles of
11, 87, 208 and 500 years and prolonged
periods of solar minima (e.g. Maunder)
and maxima. However, there is still con-
siderable uncertainty regarding the ampli-
tudes of these changes.

The solar cycle minimum of 2008

The 2008 solar minimum was lower (fewer
sunspots, lowerTSI) and lasted longer than
previous ones. Are the current TSI models
capable of explaining it? Does it point to
an imminent new grand minimum?

Future role of solar forcing

The fact that the past six decades or so
were a period of very high solar activity
suggests that solar activity will decrease in

the near future. This expectation is corrob-
orated by the last solar minimum of 2008.
The possibility of an imminent new grand
solar minimum has led to claims that the
diminished solar activity will reduce glob-
al warming considerably. Although this is
very unlikely, a solid quantitative estimate
of such a scenario is very important.

To address all these questions an in-
terdisciplinary working group has been
set up (www.pages.unibe.ch/working-
groups/solar-forcing). Solar physicists try
to better understand the known physical
processes and to identify potential new
mechanisms responsible for solar forcing.
Experts in atmospheric physics and clima-
tology address the response of the Earth
system to the solar forcing and in particu-
lar the effects of solar induced changes
in the upper atmosphere on the climate.
Paleoclimatologists provide observation-
al data, which need to be explained by
climate modelers complementing their
models with additional processes and put-
ting some important constraints on the
role the Sun has played in the past and will
possibly play in the future.
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Arctic2k: Spatiotemporal
Temperature Reconstruction

Helsinki, Finland, 15-16 November 2011

SAMI HANHIJARVI

Department of Environmental Sciences, University of Helsinki, Finland; sami.hanhijarvi@helsinki.f

The Arctic2k Working Group aims at eluci-
dating the variability of the arctic climate
in the past to provide a reference context
for the recent rapid warming in the region.
Thirteen Working Group members attended
the workshop, reviewed the collected proxy
records and the preliminary temperature re-
constructions made thereof, and prepared
the groundwork for a publication on results
and methods.

While the arctic region was found to
feature many proxy records covering much
of the area between 60° and 80° northern
latitudes, records further north are virtually
non-existent. When the collected records
were subjected to the stringent selection
criteria set in the previous Working Group
workshop (Hanhijarvi 2011), the number of
acceptable records was reduced by a large
fraction. Furthermore, the temporal extent
of the selected records is generally short, so
that the coverage diminishes rapidly when
going back in time. Figure 1 shows the spa-
tial and temporal extent of proxy records
used for the Arctic2k project. Both spatial
and temporal sparsity had to be taken into
account when carrying out the reconstruc-
tions.

The correlations between the gath-
ered proxy record data were presented and

analyzed, and the amount of shared signal
between the records compared. The same
procedure was repeated with the NASA
GISS instrumental temperature station data
(Hansen et al. 2006) and between the proxy
records and instrumental data. The analyses
displayed significant correlations between
many of the records, indicating that the re-
constructions will reflect a real climate be-
havior.

The proxy data are inherently hetero-
geneous and the records have different
temporal resolutions. Interpolation was dis-
cussed and was shown to be a suboptimal
solution for unifying the temporal resolu-
tion. Instead it was suggested that the proxy
records are used in their original resolution
while considering each sample (e.g. slice of
a core) of a proxy record to represent a time
frame, and to use reconstruction methods
that can handle such data.

Two new methods, PaiCo (Pairwise
Comparisons) and  MuReMo  (Multi-
Resolution Monotonic), were presented,
both of which can handle data of vari-
ous resolutions in their original format.
Furthermore, both methods use the as-
sumption that the transfer functions from
climate parameter to proxy are monotonic,
instead of linear, unlike all other approaches.

ARCTICEK

PaiCo is a new, yet unpublished method
that can calculate the most likely common
climate parameter time series from a collec-
tion of proxy records. MuReMo combines
the idea of PaiCo with the Bayesian model
of BARCAST (Tingley and Huybers 2010) to
reconstruct spatiotemporal fields. The quali-
tative properties of these methods compare
favorably with the existing methods, and
will thus be used for calculating the climate
reconstructions. Preliminary results were co-
herent with the existing knowledge about
the arctic climate, and therefore considered
promising.

The next research milestone of the
working group is to finalize the reconstruc-
tion of the arctic temperatures during the
past 2000 years. As Kaufmann et al. (2009)
have already presented a similar reconstruc-
tion, it was decided that an important goal
would also be the calculation of a spatial
temperature field for the Arctic. This will
build upon the previous knowledge and re-
veal spatial climate patterns.
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Figure 1: Spatial and temporal distribution of the Arctic2k proxy records. Single solid box in temporal extent signifies annual resolution. Otherwise, each box represents the
time frame of a single value of a single proxy record. Records have been truncated prior to 1 BC. All proxy series in this figure are or will be archived on the NOAA paleoclima-
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he 2nd Workshop of the PAGES Asia2k

Working Group was attended by 21 pa-
leoclimate researchers from Japan, China,
USA, Russia, Switzerland, Sweden, Nepal,
and Pakistan. The workshop aimed at (1)
collecting proxy records that are not yet
stored in any public repositories, (2) pro-
ducing and discussing a preliminary re-
construction of annual temperature fields
based on the available proxy records, and
(3) conducting a methodological training
course focused on statistical climate re-
construction techniques.

Asia2k committee member Edward
Cook (Lamont-Doherty Earth Observatory,
USA) gave an introduction to the temper-
ature field reconstruction methods, fol-
lowed by presentations from data holders
who contributed their data to the work-
shop. While the Monsoon Asia Drought
Atlas (MADA; Cook et al. 2010) derived
from 327 tree-ring chronologies is cur-
rently the most extensive, high-temporal
resolution reconstruction record available

for Asia, a variety of new proxy records
consisting of additional tree rings, ice
cores, speleothems, lake sediments, and
historical documents were contributed.
The new records were incorporated into
the Asia2k database along with the MADA
series resulting in a total of 467 proxy re-
cords (Fig. 1).

A task group was assigned to produce
a preliminary reconstruction of tempera-
ture fields. As shown in Figure 1, tree rings
are the dominant proxy records in Asia. By
incorporating the well-organized MADA
procedures, a preliminary analysis using
tree-ring records was created, including
the newly contributed data. More specifi-
cally, a modified form of point-by-point re-
gression (PPR), a well-tested and easily in-
terpreted principal component regression
method, was employed to produce past
temperature fields.

The participants discussed all proxy
records with an emphasis on climatic in-
terpretation, seasonality, preservation of

ASIAZ2K

low- and high-frequency variability, and
calibration/verification. The integration of
time series of different resolution was also
discussed, acknowledging that creating
a multi-proxy reconstruction is undoubt-
edly a challenging task. In this regard, the
Working Group agreed to produce a com-
prehensive reconstruction of temperature
fields based on two different approaches.
One approach is based solely on tree-ring
data, to which a variety of methods is em-
ployed to reduce uncertainties and biases.
The other approach also attempts to uti-
lize several methods, but will also include
non-annually resolved proxy records. Both
analyses are conducted independently,
making it possible to objectively com-
pare and improve the final reconstruction
products.
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he PAGES Euro-Med2k Working

Group was initiated to recon-
struct and analyze the climate of the
European/Mediterranean region with-
in the past 2000 years. To date, the
Working Group's efforts have been fo-
cused on collecting proxies with high
spatio-temporal resolution from natural
and documentary archives. This meet-
ing was attended by 20 participants
and focused on discussing new proxy
evidence for summer temperatures in
the Euro-Med region, with annual reso-
lution and continuous sampling over
time. Eleven annually-resolved tree-
ring chronologies that preserve low-
frequency variability and documentary
records from 10 European countries/re-
gions were selected for the subsequent
European scale reconstructions to be
developed (Figure 1 shows the two lon-
gest series from the Alps and Northern

Scandinavia; Blintgen et al. 2011; Esper
etal. 2012).

During the second part of the
meeting the strengths and weaknesses
of different statistical methods to re-
construct temperature variations over
the past 2000 years were discussed.
Composite-Plus-Scaling  (CPS) and
Bayesian Hierarchical Modeling (BHM)
were considered as options for the
mean European estimates and BHM
for the gridded reconstructions over
the last 1200 years. BHM has recently
been proposed as a method suitable to
overcome the known loss-of-variance
problems of conventional multivari-
ate statistical reconstruction methods
(Tingley and Huybers 2010; Werner
et al. 2012). One of the advantages of
BHM is the possibility to form models
for the underlying processes and the
system response (instrumental mea-
surements and proxies) and to assess
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Figure 1: Reconstructed 2000 years of Northern Scandinavian (A) and Alpine (B) summer temperatures based on

tree-ring data (Blintgen et al. 2011, Esper et al. 2012)
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different contributions to uncertain-
ties. Discussions also included ques-
tions concerning the representation of
low and high frequency variability in
the proxy-based reconstructions, cali-
bration/verification issues, uncertainty
estimation, spatial dependence and
autocorrelation. The third and final
part of the workshop was devoted to
discussing the approaches for model-
data comparisons at continental scale.
Results from a large multi-model ar-
chive, including simulations prior to
Ferndndez-Donado et al. (2012) and
those belonging to the CMIP5/PMIP3
initiative were considered.

The Group submitted peer-re-
viewed papers on two new European
summer temperature reconstructions:
a 2100 year CPS and BHM-based mean
European and a 1200 year BHM-based
gridded reconstruction. The workshop
outputs will be used to address the ex-
treme character of the recent decades
in the context of the last two millennia
and the comparisons of reconstruc-
tions with the ensemble of simulations
for key climate periods related to the
medieval period and the “Little Ice Age”.
This will allow us to assess the degree
of consistency between the mutually
independent model and paleo proxy
histories at regional scales, involving
the ability of climate models to repro-
duce the continental summer tem-
perature response to external forcings
and to generate realistically the low-
frequency internal variability at these
spatial scales.
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he workshop was hosted by the

Maarmuseum in Manderscheid in the
Eifel region, and was an opportunity for
stimulating discussions amongst scientists
active in analyzing annually laminated
(varved) lacustrine and marine sediments
for climatic and environmental reconstruc-
tion. Supporting funds were obtained
from the German Science Foundation and
PAGES. The Maarmuseum’s director Martin
Koziol provided invaluable logistical sup-
port.

A diverse range of high-resolution
archives from five continents and the
marine realm was discussed. Forty-one
scientists from 16 countries, including 16
early career scientists, represented a wide
range of research fields including climate
modelers, geophysicists, and biologists.
This cross-disciplinary communication
between data and model specialists was
essential to understand relationships be-
tween climatic and environmental chang-
es.

The workshop focused on decipher-
ing climatic and environmental signals
contained in varved sediments by ap-
plying complementary process-related
studies. We learned from other scientific
disciplines about alternative techniques

for proxy development, calibration and
validation. Additional foci were advances
in studying varved records, identification
of challenging new coring sites, and man-
aging data.

The first session was devoted to the
reconstruction of hydro-climatic events.
In his keynote lecture Scott Lamoureux
(Canada) presented long-term process
studies at varved Arctic lake sites to dem-
onstrate complex links between climatic
forcing and sedimentological responses.

The second session’s focus was di-
rected toward calibration of biological
proxies. The keynote given by Andy Lotter
(The Netherlands) highlighted the poten-
tial of biota-based transfer functions that
provide enough temporal resolution to
study the resilience and recovery time of
ecosystems after external and internal dis-
turbances.

Learning from other communities in
terms of calibration and validation was the
topic of the third session with three key-
notes. Joel Guiot (France) presented the
evolution of climate reconstruction meth-
ods from statistical techniques to com-
plex model inversions and emphasized
the need for high temporal resolution
data as provided by varved records. The

Figure 1: Lakes like Meerfelder Maar are important archives for climatic and environmental reconstructions since
the Late-Glacial. The record of this site extends back into the Weichselian and provides a potential target for a
future integrated lake deep drilling project. Most of the Holocene and Late Glacial sediments are annually lami-
nated (varved). As an example the microphotography (inset) shows minerogenic varves of Younger Dryas age

(courtesy A. Brauer).
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second keynote by Dominik Fleitmann
(Switzerland) about speleothems directed
the attention to annual growth bands of
stalagmites and their paleoclimatic sig-
nificance. Finally, keynote speaker Tom
Swetnam (USA) linked dendrochronol-
ogy with varved records pointing out the
challenges obtained by combining both
archives. Complemented by moderated
poster and wrap-up sessions, the work-
shop was characterized by lively scien-
tific discussions. Compiled abstracts of
all talks and posters are available online
(Zolitschka 2012).

The first product emerging from
the VWG - a multi-authored article in
Quaternary Science Reviews - relates to
the worldwide distribution of varved re-
cords and the fidelity of their chronologies
(Ojala et al. 2012). Discussions resulted in
the plan to produce a second publication
stressing the need for the development of
best practice examples for varve counting
applied to different varve types, includ-
ing error estimations and corroboration
by radiometric dating techniques and
automated image analyzing methods for
comparison. A different product of the
VWG is the growing on-line varve image
library (preliminary version at: www.geo-
polar.uni-bremen.de/varves) to help re-
searchers in the evaluation of laminated
sediments. It shows annotated examples
of the overall macroscopic appearance,
internal structure and composition of
varves.

Another highlight of the 3 workshop
of the VWG was the one-day field trip to the
iconic maar lakes (Fig. 1) of the West Eifel
Volcanic Field boasting Central Europe’s
longest varve chronology - 23,220 calen-
dar years BP at Lake Holzmaar.
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he East African Rift Lakes offer unpar-

alleled opportunities to investigate
long-term environmental and climatic
change in a low-latitude continental set-
ting. Their sediments hold signals of the
evolution of tropical temperature and
rainfall at seasonal to geological tim-
escales (Cohen et al. 2006; Tierney et al.
2008), record the environmental back-
drop against which Africa’s flora and fau-
na - including our own species — evolved
(Martens 1997), and provide insight into
tectonic processes that shape the world'’s
largest active continental rift system
(Ebinger 1989). The past decade has wit-
nessed enormous advances in our efforts
to obtain long records of East African cli-
mate, highlighted by the scientific drill-
ing of Lake Malawi in 2005 (Scholz et al.
2007). Recent and ongoing geophysical
surveys of a number of potential future
drilling targets, including Lakes Turkana,
Albert, and Tanganyika (Fig. 1), have set
the stage for the next phase of continen-
tal scientific drilling in East Africa. To this
end, PAGES and the US National Science
Foundation supported a “Continental
Drilling in the East African Rift Lakes”
strategic planning workshop, attended
by about 40 African, European, and US
scientists.

We used plenary presentations on
current initiatives to reconstruct and
model East African paleoenvironments
using marine and lacustrine sediments,

the mechanisms behind the geologic and
biological evolution of the East African
rift, and the stratigraphic architecture and
environmental history of Lakes Turkana,
Albert, and Tanganyika to initiate a series
of breakout discussions. These breakouts
defined critical scientific hypotheses and
questions for future drilling projects, in-
cluding:

- What are the timing and dynamics
of key transitions in the Plio-Pleistocene
evolution of African climate as a conse-
quence of global and tropical climate
reorganizations, including the expansion
of Northern Hemisphere ice sheets, the
termination of a permanent Pliocene El
Nifo, and the closure of the Indonesian
seaway?

- What is the sensitivity of East
African temperature and rainfall to radia-
tive forcing (insolation and greenhouse
gases) and high-latitude processes?

- What are the rates and amplitudes
of millennial to decadal East African cli-
mate change, and how do these vary
with changes in the Earth’s mean climate
state?

- What are the rates, sensitivities, and
thresholds for ecological and evolution-
ary responses of ecosystems and com-
munities to climate and environmental
change across different timescales?

- What are the regulating mecha-
nisms and emergent properties of the
dissociation and reassembly of aquatic
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Figure 1: Map of East Africa with bathymetric maps of Lakes Tanganyika, Turkana, and Albert. Note the different

scale for Tanganyika.
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ecosystems and communities through
time?

- What are the rates of border fault
slip in the rift basins, how are they con-
trolled by geothermal gradients and
volatile concentrations, and how do
long-term fault slip rates relate to short-
term seismic hazards such as earthquake
frequency?

Addressing these questions will re-
quire analysis of long and continuous
sediment cores that archive signals of
climate variability at a hierarchy of tim-
escales (seasonal, interannual, orbital);
sites that preserve a variety of biological
materials such as pollen, diatoms, ostra-
cods, and fish remains; and integrated,
4-D studies of rift evolution.

While  Albert,  Turkana, and
Tanganyika can all provide insight into
the climatic, biological, and geologi-
cal evolution of East Africa, the group
nominated Lake Tanganyika as its high-
est priority target. Tanganyika uniquely
holds long and continuous sedimentary
records extending well into the Pliocene
at modest (1-1.5 km) drilling depths
(McGlue et al. 2008), an extraordinary
variety of endemic lacustrine fauna and
flora with proven fossil records, and a rel-
atively simple rift architecture uncompli-
cated by extensive volcanism. Efforts are
now underway to acquire new interme-
diate resolution seismic reflection data
from Tanganyika to site drilling targets,
reanalyze existing Tanganyika sediment
cores to expand our arsenal of proxies,
and to build our knowledge of the struc-
tural evolution and tephra stratigraphy of
this basin. These activities will refine our
understanding of the environmental evo-
lution of tropical East Africa, and serve as
milestones in the road to drilling Lake
Tanganyika.
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'I'he primary goal of this workshop was to
assess whether ocean drilling of the geo-
logical record can provide information on the
sensitivity of the Greenland Ice Sheet (GIS) to
climate warming. Discussion focused on po-
tential marine archives, proxies of GIS behav-
ior and climate, and methods for dating such
records. The participants represented a range
of disciplines, including climate and ice-sheet
modelers, glaciologists, organic and inorgan-
ic geochemists, geophysicists, paleomagne-
tists, paleoceanographers, glacial geologists
and sedimentologists, and paleobiologists.
The group concluded that process-oriented
topics could be addressed through ocean
drilling and that the following questions were
of significant importance: What controls the
rate of ice mass change on Greenland and the
respective roles of atmospheric and oceanic
forcings? Is subsurface oceanic temperature
important in predicting the behavior of the

GIS? What is the role of ice shelves and sea
ice? How does Greenland freshwater influ-
ence global ocean circulation?

Following the theme of process-ori-
ented questions, participants selected sev-
eral key climate periods spanning the entire
history of the GIS that would be important
targets to focus on. First, the background cli-
mate state of an ice-free Greenland should be
established to document when and to what
extent Greenland valley glaciers expanded
and became an ice sheet. Then, exploring
GIS volatility during the Pliocene would pro-
vide information on long-term GIS sensitivity
to greenhouse gas concentrations similar to
current levels. Finally, the Quaternary offers
several climate targets of interest, such as GIS
behavior during the transition from 40 to 100
ka glacial-interglacial cycles. These document
which glacial periods had a fully extended GIS
on the continental shelf, and the amount of

Figure 1: Last interglaciation (~125 ka) modeled GIS extents using the same ice-sheet model but different climate
forcing schemes. Light blue lines are two extents of Cuffey and Marshall (2000) with only a remnant ice dome in
central Greenland or significant ice persisting in south Greenland. The dark blue line shows the maximum retreat
modeled by Otto-Bliesner et al. (2006) with only a small ice dome persisting in south Greenland; a second simulation
of their model had an extent similar to the minimum retreat of Cuffey and Marshall (2000). The yellow line denotes
the minimum retreat predicted by Lhomme et al. (2005), with south Greenland completely deglaciated. The black
line shows the estimated extent of the GIS at the last glacial maximum (LGM) on the continental shelf by Funder
etal. (2011). This wide range in modeled last interglaciation GIS extents predicts a sea-level rise contribution of 2
to 5.5 m, highlighting the need for geologic records of past GIS behavior.
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ice retreat inland of its current extent during
interglacial Marine Isotope Stages 1, 5e, 7, 11,
19and 31.The participants also noted that ice
sheet-climate modelers should be involved
at all steps of addressing these targeted time
periods.

Different strategies and drilling platforms
will be needed for tackling these questions
and retrieving sediment cores covering the
key time periods. Continental slope drilling
cores could be used to address large-scale GIS
changes, which can better inform ice-sheet
models, but may be difficult to date. Small-
scale instability related processes might be
better addressed through localized investiga-
tion at the individual fjord outlet glacier scale
on the continental shelf. Sediment drifts on
the continental rise integrate these signals in
well-dated records that will facilitate interpre-
tation of the more proximal records. Ocean
temperature and sea-ice records should also
be constructed to test GIS sensitivity to oce-
anic changes. A reoccurring issue at the work-
shop was the need for detailed site surveying
prior to drilling to identify the best sites for
studying the climate targets and addressing
the process-oriented questions. Extensive
seismic surveying and bathymetric mapping
will allow the collection of the best cores, and
for the linkage of discontinuous continental
shelf, fan and slope records to the continuous
records obtained on the continental rise.

To continue the development of a
“Greenland” community, the workshop con-
veners, Anders Carlson and Joseph Stoner,
have set up a website for further discussion of
ideas and advancement of drilling plans and
proposals  (www.geoscience.wisc.edu/de-
gree). The conveners and steering committee
will develop a working group called DEGREE
(DEglaciated GREEnland) that will facilitate
future workshops to advance research, and
foster discussions of new records and model
results of past GIS behavior and its climate
forcings. The DEGREE strategy is to develop
a community that will foster International
Ocean Discovery Program (IODP) expedition
proposals focusing on specific aspects of
Greenland paleo-history.
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U nderstanding the role of mineral dust
in the climate system and its radiative
impact is expected to reduce existing un-
certainties about global climate change. In
this context, the PAGES "Atmospheric Dust
during the last glacial cycle: Observations
and Modeling (ADOM)" working group in-
tends to combine the evidence from aeo-
lian records from continents, oceans, and
ice sheets with model simulations of the
past atmospheric circulation and modern
process understanding.

Following up on the first ADOM work-
shop (Hyéres-les-Palmiers, France, 2009;
Rousseau et al. 2009), and the results of
the DUSTSPEC meeting (Lamont, USA,
2010; Winckler et al. 2010), it was recog-
nized that there is a specific need for an
integration of datasets of dust deposition
on land and in the ocean. Furthermore,
it has been acknowledged that there are
still large gaps in our knowledge on dust
processes and dynamics. Open questions
exist about emission-related processes at
the various sources of dust, dispersion at
different altitudes in the atmosphere, de-
position on both terrestrial and marine en-
vironments and the effects of mineral dust
after deposition.

PO v

To address these questions, the second
ADOM workshop focused on strategies to
derive quantitative and physically consis-
tent synoptic reconstructions by integra-
tion of dust records, climate observations,
and model simulations.

The workshop was organized accord-
ing to the following themes: (1) Present-
day dust, meteorology and remote sens-
ing; (2) Ice, marine, and terrestrial dust
archives; (3) Modern and (paleo-) dust
modeling; (4) Open discussion on future
activities and strategies.

The open discussion raised differ-
ent questions of importance: Which are
the relevant (paleo) sources of dust (a
key point for climate model setups)? Are
the differences between atmospheric
measurements and observations of
paleo-dust particle size distributions
significant? Which size range should be
used in climate models given the fact that
present-day observations of particle-size
variations cannot be explained in terms of
basic physics? How reliable is the recon-
struction of wind-strength variations from
dust/loess grain-size data given that grain
size is also determined and constrained by
other factors such as transport-distance

Figure 1: Dust storm over China in April 2001. Dust from this event crossed the Pacific Ocean and was deposited
as far as the Great Lakes region in the USA. Image credit: NASA.
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and altitude or mixing? Which parameters
influence the atmospheric processing of
dust, including dry and wet deposition?

Several recommendations resulted
from the final discussion. These include a
strategic remapping of global soil distri-
butions and the collection of more me-
teorological and mineral-dust data closer
to the dust sources. Methods on dating
and the measurement of particle grain
size and shape should be standardized,
and the definitions of isotope ratios for
the characterization of different source re-
gions refined. ?2Rn should be monitored
in polar regions to constrain atmospheric
transport times. Furthermore, new marine
sediment proxies should be developed
to constrain the provenance of dust in
Antarctica. Seasonal to millennial times-
cales should be taken into account when
studying dust processes and mechanisms.
In the context of abrupt climate change,
selected Dansgaard/Oeschger events de-
serve more focus where detailed evidence
from ice cores exists. Finally, there is a
need for a coordinated exchange of data
between the paleo and modeling commu-
nities, which should flank ongoing data-
base initiatives such as DUSTSPEC, PASH2
or DIRTMAP.

Almost 50 participants from 10 coun-
tries made this workshop a very suc-
cessful and fruitful one. It was organized
by Jan-Berend Stuut, Ute Merkel, and
Denis-Didier Rousseau, with sponsorship
from MARUM, NIOZ and PAGES. A PAGES
newsletter dedicated to the dust topic is
planned.

More information:
www.marum.de/dust-workshop2011.
html

and
www.pages-igbp.org/workinggroups/
adom
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he annual discussion meeting of the

Quaternary Research Association
was held in the picturesque, winter
landscape of the New Forest National
Park in southern England. The overall
theme of the meeting was “Quaternary
Science and Society” and it proved to be
popular, attracting over 100 attendees.
The PAGES-Focus 4 sponsored open ses-
sions “Human-climate-ecosystem inter-
actions: learning from the past” took up
four of the 10 sessions. PAGES helped to
support eight early career researchers
from Australia, Romania, the USA, and
the UK to attend the Focus 4 sessions.
The Focus 4 presentations were split
into several groups. One group focused
on the response of past human societies
to climate change as reconstructed link-
ing archeological and paleoecological
data. Within that group Andy Dugmore

(Edinburgh, UK) showed how resilience
theory could be combined with detailed
and interdisciplinary studies of past
communities across the North Atlantic
to explain the reasons for either social
collapse or long-term sustainability.
Michael Grant (Wessex, UK) described
how the past trajectories of woodland
species in the local New Forest were
providing insight into modern day man-
agement of the woodlands. One of the
PAGES-supported early-career research-
ers, Giri Kattel (Ballarat, Australia), used
paleolimnological data to assess hu-
man-climate-ecosystem linkages illus-
trating how sediments in maar (crater)
lakes could be used as recorders of cli-
mate regime shifts and to study adapt-
ability of past ecosystems.

A second group of papers were
methodology-centric with reports on

the development of isotopic and bi-
molecular analyses, and on approaches
to translate pollen records into land
use cover. Virgil Dragusin (Bucharest,
Romania) explored possible human-
environment interactions during the
Bronze and Iron Ages in SW Romania as
recorded by carbon stable isotopes in
speleothems. Joseph Williams (Kansas,
USA) was drawn to the discussion of
novel approaches in environmental and
biodiversity change, such as the ongo-
ing development of plant biomarkers
and ancient DNA analysis. Hazel Reade
(Cambridge, UK) assessed the paleocli-
matic interpretation from the isotopic
analysis of tooth enamel with regard to
the archeological record of Northeastern
Libya.

A third group linked paleoenvi-
ronmental studies to past and present
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socio-ecological resilience. Using multi-
proxy records, this group of studies re-
vealed long-term interactions between
climate, human activities and ecosystem
services, the presence of thresholds and
early warning signals, and reference con-
ditions for conservation. Zhang Ke from
Southampton (UK) shed light on recent
attempts to use paleoenvrionmental re-
cords as proxies for ecosystem services
in the lower Yangtze basin (Fig. 1). The
paper by Wang Rong (Southampton, UK)
examined the evidence for early warning
indicators of eutrophication in lake sedi-
ments from southwestern China. And
Helen Shaw (Lancaster, UK) assessed
paleoecological and historical contribu-
tions to understanding sustainability,

resilience, and ecosystem services with-
in traditional pastoral management.
The wide range of questions that were
addressed across many geographical
zones, served to emphasize the grow-
ing use of paleoenvironmental archives
to understand human-environment in-
teractions. Reflections on the meeting
by recipients of PAGES support gave a
flavor of the intellectual atmosphere
and rapport generated during the meet-
ing. One recipient commented that the
meeting was timely: taking place not
only when ecosystems are increasingly
threatened by rapid climate change and
human activities but when scientific
communities across the globe are trying
to find the best possible approaches to

mitigate these effects. This meeting was
a significant step toward our efforts for
a comprehensive understanding of the
human-climate-ecosystem interactions
during the 21 century that help pro-
mote societal and ecosystem resilience
against future climate change. The use
of a range of proxy indicators to under-
stand ecosystem response to climate
and human drivers can help us develop
not only management tools but also our
theoretical understanding of ecosystem
responses to multiple and complex forc-

ing.
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ince 1999, the PAGES/CLIVAR (Climate

Variability and Predictability)
Intersection Panel (www.clivar.org/orga-
nization/pages) has focused on benefit-
ting from the combined expertise and
insights of scientists working on modern
climate observations and processes and
those collecting and interpreting paleo-
climate records.

The World Climate Research
Programme (WCRP) Open Science
Meeting in Denver, USA, in October
2011, featured many examples of pa-
leoclimate information being used to
extend the instrumental record, evalu-
ate climate models, and place modern
changes in a longer-term context. It
was therefore an excellent backdrop for
the annual committee meeting of the
Intersection Panel.

Our Panel meeting was dedicated to
finding the best strategies for boosting
collaborations across the WCRP “seam-
less” community (not just CLIVAR). Panel
member rotation was addressed with
an objective of ensuring a wide range
of interests and geographical spread
in new members. This selection is now
underway, and any readers interested

in joining the panel are encouraged to
contact the chairs.

Links with other panels and work-
ing groups were also an important topic
of discussion. Representatives from the
Global Monsoon working group, CLIVAR
Atlantic panel, and others expressed
great interest in increasing the paleo-
climate component in their discussions
and projects. In particular, the PAGES
Ocean2K synthesis project (www.pages-
igbp.org/workinggroups/ocean2k) (mo-
tivated by our Panel thanks to CLIVAR
Scientific Steering Committee inputs)
that focuses on bringing together high-
resolution ocean proxy data for the last
two millennia was highlighted as an
important bridge to the observational
oceanographic community. The Panel
has instituted a new mailing list (clivar-
pages-open@clivar.org) that we hope
will be a resource for notifications of
cross-cutting projects and workshops,
and a platform for ideas on how to en-
gage wider community participation. To
subscribe, please go to www.clivar.org/
clivarpages-mailing-list.

The centerpiece of discussion at
the meeting was the Coupled Model
Intercomparison Project (CMIP5) and
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database. For the first time within the
CMIP protocol, paleoclimate simula-
tions for the Last Glacial Maximum (21
ka ago), mid-Holocene (6 ka ago) and
last millennium (Paleoclimate Modelling
Intercomparison Project, PMIP3) have
been included alongside historical
simulations for the 20t century and fu-
ture projections. This allows for a much
greater analysis of whether and how pa-
leoclimate model/data comparisons are
informative of future projections.

The Panel organized a workshop
focused on this topic in March 2012
(Schmidt et al., this issue), and the out-
comes were presented to the wider
CMIP5 community. The Panel is working
to produce a refereed "white paper” on
the best practices for using the PMIP3
simulations to help constrain projec-
tions. The white paper will address issues
of statistical robustness, dataset synthe-
sis, comparison strategies and quantifi-
cation of uncertainties due to the model
structure, data set uncertainty and for-
ward modeling approaches.

Overall, this is an exciting time to be
bringing these communities together,
and the resulting new initiatives have
enormous potential.
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he Bishop Museum in Honoluluy,

Hawaii, provided a picturesque back-
drop to the PAGES-CLIVAR Intersection
Panel workshop. The main objective of
the workshop was to bring together
modelers, theoreticians and paleocli-
matologists to commence analysis of
results from Phase 5 of the Coupled
Model Intercomparison Project (CMIP5)
simulation database. The CMIP5 project
is a community-wide effort to provide
standard protocols for climate model
simulations covering the historical instru-
mental period, future projections and a
number of idealized simulations to aid
the understanding, detection and attri-
bution of climate change. Significantly,
and for the first time, there is a concur-
rent paleoclimate component, in collabo-
ration with the Paleoclimate Modelling
Intercomparison Project Phase 3: PMIP3,
that uses the same models for three
specific experiments covering the Last
Glacial Maximum (LGM, 20 ka ago), the
Mid-Holocene (MH, 6 ka ago) and the Last
Millennium (a transient simulation from
850 to 1850 AD; Taylor et al. 2012).

Comparisons of paleoclimate simu-
lations and proxy observation have a
long history via earlier incarnations of

PMIP and many individual studies, which
motivated comprehensive data synthe-
ses. However, it has been a challenge to
quantitatively link the future simulations
with skill or sensitivity in the paleocli-
mate simulations. There are a number of
reasons for this, not least because paleo-
simulations were often not performed
with the same models being used for
future projections and through a lack of
suitable paleoclimate metrics; predomi-
nantly large scale syntheses of the proxy
data. The workshop focused specifically
on this missing step — to make the quanti-
tative connections, so that paleo-climate
can become demonstrably useful for con-
straining future projections.

The workshop began with a compre-
hensive discussion on the nature of the
multi-model ensemble of opportunity
and the techniques available forassessing
model skill. The evidence indicates that
the current models don't differ in kind
from previous efforts (and so previous
work can be analyzed in the same frame-
work) and that there is sufficient reason
to expect that, particularly for the LGM,
the model spread likely encompasses the
observations. However, it was widely ac-
knowledged that it is challenging to find
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Figure 1: Preliminary results from the CMIP5 archive showing the multi-model ensemble for temperature differences
at the LGM and in idealized increased CO, experiments. Left-hand panel shows the robust relationship between
the North Atlantic and European ocean and land temperatures in both cold and warm climates (using an average
of the simulation data over points only where there are observations). Right hand panel shows equivalent results
for the Tropics. The blue crosses indicate the results (with uncertainties) from the observational data syntheses from
the LGM. Red and yellow symbols show the CMIP5 model results. Figure courtesy of Masa Kageyama.
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diagnostics of the models which can be
compared to paleoclimate observations
and that also correlate to model projec-
tions of the future. The remainder of the
workshop was focused on specific un-
certainties highlighted in IPCC AR4 for
which there are some clear indications
that paleo-climate might help. These in-
cluded patterns of regional rainfall, tem-
perature seasonality, climate sensitivity,
ocean-atmosphere modes in the tropical
Pacific, the response of the North Atlantic
Meridional Circulation, and spectra of cli-
mate variability.

Assessments of climate sensitivity
using the LGM are very promising, with
a large increase in available and relevant
simulations over PMIP2. In the prelimi-
nary data there appears to be a correla-
tion of verifiable temperature patterns
at the LGM to future projections (Fig. 1).
Large-scale changes in rainfall patterns
are also very promising targets, with
a clear coherence of tropical rainband
shifts in latitude as a function of equa-
torial SST gradients across all the model
simulations. Ocean circulation metrics
- whether for the overturning circula-
tion or the spectral character of tropi-
cal Pacific ocean-atmosphere dynamics
including El Nifo/Southern Oscillation
— are not quite at the same stage due to
a lack of sufficiently constraining proxies,
and continuing uncertainty of the sam-
pling biases arising from the short time
over which modern observations have
been collected.

Participants at the workshop are
working on a full white paper describing
the approaches that can be taken and
highlighting the preliminary results, but
one conclusion is already clear: paleo-
climate simulations have come of age as
part of the suite of evaluations any model
must undergo.
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omparisons of model simulations with

data on the state of the ocean in the
past are frequently used to study climate
processes under different boundary condi-
tions and to understand climate and ocean
change in Earth history. Such approaches
can be used to benchmark climate models
and model ensembles (Hargreaves et al.
2011). They hold considerable promise in
demonstrating the ability of climate mod-
els to simulate the response to changes in
forcing factors (Braconnot et al. 2012) and
to help constrain critical parameters, such as
climate sensitivity (Schmittner et al. 2011).

The Phase 3 of the Paleoclimate
Modelling Intercomparision Project (http://
pmip3.sce.ipsl.fr), which is the paleo-com-
ponent of the fifth phase of the Coupled
Model Intercomparison Project (http://
cmip-pcmdi.linl.gov/cmip5), is  currently
being completed with a number of new
model run results. For the first time, the pa-
leoclimate simulations use the same model
setups as those used for projecting future
climate. One of the goals of PMIP3 is to ex-
amine climate predictability and to deter-
mine why similarly forced climate models
produce a range of climate responses. To this
end, the PMIP3 model runs have to be con-
fronted with paleodata for the time intervals
that have been modeled. Among these are
the last glacial maximum (LGM), but also
the last interglacial, the early Holocene, and
the last deglaciation. For this comparison,
marine sedimentary data will play a crucial
role, because of their precise and consistent
dating, and the fact that they record region-
ally representative patterns in key modeled
variables, which can be reconstructed quan-
titatively (e.g. Lynch-Stieglitz et al. 2007;
MARGO 2009).

Considering the wealth of existing
proxy data on the state of the past oceans
and the imminent release of the new PMIP3
paleoclimate simulations, the scientific com-
munity became convinced that the upcom-
ing data-model comparisons would benefit
from the joint expertise of modelers and pa-
leoceanographers. Joint initiatives poten-
tially include working towards innovative
statistical methods, quantifying uncertainty,
and making the most of proxies for param-
eters besides sea surface temperature. With
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Figure 1: An example of the application of an inverse approach to LGM ocean data (MARGO 2009). The left panel
shows annual mean sea surface temperature (SST) in an LGM Atlantic ocean state estimate (contours) with MARGO
LGM SST proxy records overlaid (symbols; Forams and Dinos refers to SST estimates from transfer functions based
on assemblages of planktonic foraminifera and dinoflagellate cysts). The state estimate is created by application
of the “‘adjoint method” to identify an ocean state that is consistent with both oceanic physics and with the proxy
records, given their uncertainties. The right panel shows normalized misfits, computed as [(state estimate - MARGO
proxies)/o] where o is the uncertainty in the data. Symbol colors show where the state estimate is consistent with
the data, given their uncertainties. Values near zero indicate consistency. In this map, a satisfactory fit is obtained
for most low latitude data. In the high latitudes, large values indicate that a satisfactory fit to all of the MARGO
data simultaneously is not possible. Analysis and graphics: unpublished data courtesy of Holly Dail, Massachusetts

Institute of Technology, USA.

this in mind, the COMPARE 2012 meeting
was conceived as a joint initiative of PMIP3,
PAGES and MARUM. Over 40 scientists from
nine countries assembled in Bremen to work
towards establishing the union between
paleo-ocean data and model simulations.
The first half of the workshop was dedicated
to presenting the latest model results of the
status of paleo-ocean data and emerging
new approaches for combining the two, in-
cluding inverse methods (Fig. 1) and forward
modeling of proxies.

The workshop culminated in splinter
meetings of three task groups that brain-
stormed the main issues that arose from
the initial discussions: how to best deal with
data uncertainty, how to quantify model
data misfit and model error, and what the
potential benefits and challenges are to
working with non-traditional variables, time
slices and transients. A number of individual
projects, including an ocean data synthesis
for the 6 ka time slice, were set up. Besides
this, the workshop delivered important take-
home messages: A thorough consideration
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of uncertainty is essential for a meaningful
data-model comparison; a dialogue be-
tween data and modeling communities is
important in finding most useful ways of
evaluating model results; multi-proxy infor-
mation adds complexity to data but helps
reveal uncertainties that would otherwise
have gone unnoticed; and future data-
model comparisons need to be quantitative
and “intelligent” (diagnostic, process-orient-
ed). The complexity of handling multiple
sources of uncertainty in proxy data (proxy
attribution, age model) calls for the develop-
ment of a data portal or interface allowing
an interactive access to large datasets, their
on-line handling and visualization.
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Past climates provide an opportunity
to examine the working of the Earth
system under a much wider range of forc-
ing than those experienced during the his-
torical period. The Paleoclimate Modelling
Intercomparison Project (PMIP) is an ongo-
ing program tasked with the systematic
comparison of models and observations of
past climate. Over the last 20 years, through
the definition of model experimental de-
signs and the syntheses of paleoenviron-
mental data, PMIP has made significant
progress in the understanding of a number
of key periods of the past. Previous PMIP ex-
periments have included the mid-Holocene
(MH) and the Last Glacial Maximum (LGM).
For the latest iteration, PMIP3, the last mil-
lennium (LM), the Eemian (last interglacia-
tion) and the mid-Pliocene warm period (ap-
proximately three million years ago) have
been added. Three of these PMIP3 experi-
ments (MH, LGM, LM) have been included

as high-priority simulations in the Coupled
Model Intercomparison Project (CMIP5;
Taylor et al. 2012), which provides the frame-
work for coordinated climate change experi-
ments used in the Intergovernmental Panel
on Climate Change Fifth Assessment Report
(IPCC AR5).

In May 2012 over 80 scientists from
more than 30 institutions gathered at Crewe
Hall, a former Jacobean mansion in the
English county of Cheshire, for the second
general meeting of PMIP3. For the first time,
model results for the PMIP3 experiments
were shown. Over the course of five days
many different aspects of paleoclimatology
were examined, from the causes of tem-
perature changes over the last 1000 years
to a data-model comparison for the Eocene
(56-34 Ma); from changes in Arctic sea ice to
tropical Pacific El Nifio teleconnections; from
multi-model temperature patterns to global
climate reconstructions based on pollen
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Figure 1: Multi-model mean summer (JJA) warming in the main Paleoclimate Model Intercomparison Project
(PMIP3) equilibrium time periods, mid-Holocene, Last Glacial Maximum (Braconnot et al. 2012), Last Interglacial

(Lunt et al. 2012) and the mid-Pliocene Warm period (Haywood et al. 2012).
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data. PMIP has identified some key paleocli-
mate features, which are relevant to each of
the time periods by varying degrees and are
also relevant to future climate change. These
include climate variability, climate/Earth sys-
tem sensitivity, polar amplification, and da-
ta-model comparison. Significant time was
devoted to discussing these topics in break
out groups, and new working groups were
established to examine these topics in detail
through the lifetime of PMIP3.

Integrated quantitative analysis of pa-
leoclimate model simulations and climate
reconstructions show that global scale cli-
mate models are generally capable of repro-
ducing past climate change. However, many
questions remain about the abilities of these
models on regional scales. Can they reliably
reproduce the large Arctic changes seen in
the past? Why does the Atlantic Meridional
Overturning Circulation respond differ-
ently in different models given the same
forcing? Why do the simulated climates of
the continental interiors change so little?
Discrepancies between model simulations
and paleoclimate reconstructions based on
observations can arise from a combination
of uncertainties in the interpretation of pa-
leoenvironmental observations, uncertain-
ties in the model physics and problems with
the experimental design. The PMIP philoso-
phy is that a better understanding of past cli-
mates and the workings of the Earth System
can only be achieved by addressing each of
these sources of uncertainty in an integrated
way.

A special issue highlighting many re-
sults of the PMIP3 meeting is being pre-
pared for the journal Climate of the Past.
The Crewe meeting was hosted by the
Universities of Leeds and Bristol, and spon-
sored by PAGES, SCAR (Scientific Committee
on Antarctic Research), NCAS (UK National
Centre for Atmospheric Science), The Royal
Meteorological Society, The Geological
Society, and the UK Meteorological Office.
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Asuccessful paleoclimate reconstruc-
tion based on proxy archives rests not
only on understanding how regional cli-
mate and local weather patterns are relat-
ed to variability of the climate proxy, but
equally on the understanding of local pro-
cesses that influence how the climate sig-
nal is captured in the archive. Speleothem
deposits in caves yield a wealth of proxy
data that can be related to changes in at-
mospheric circulation, precipitation and
vegetation.

Monitoring cave environments is key
to understanding relationships between
weather and the processes that affect
calcite precipitation inside caves. These
include for example knowledge of the
production rate of CO, in the soil zone
and its movement in and out of caves,
the relationship between rainfall and the
composition and movement of ground-
water, and the impact of seasonal changes
on the precipitation of carbonate as spe-
leothem. Setting up and maintaining reli-
able cave monitoring programs presents
a challenge in wet caves, which are often
remote and difficult to access even for ex-
perienced speleologists.

Figure 1: Dripwater collection in Obir Cave, Austria. Photo credit: Robbie Shone (shonephotography.com).

Back in 2009 we held a first workshop on
cave monitoring techniques in Gibraltar to
discuss the technology that was available
and share experiences in best practices
among the small group of researchers
in this field. Three years later many more
groups are involved in cave monitoring
and have acquired considerable expertise.
In April 2012 we held the 2™ International
Cave Monitoring Workshop in Innsbruck
bringing together scientists and PhD stu-
dents from 14 countries to discuss new
ideas in methodology and instrumenta-
tion.

The workshop provided an informal
discussion forum for exchange of expe-
riences covering all practical aspects of
cave monitoring. Four main themes were
discussed: strategies for monitoring the
hydrology and meteorology of cave sys-
tems, instrumentation and data logging,
sampling and analysis protocols, and in-
situ studies of carbonate precipitation
and other cave processes. It is clear that
some challenges still remain, such as find-
ing a reliable way to precisely measure the
relative humidity, and avoiding unwanted
interference by insects and other animals
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as well as humans. However, the three
years since the first workshop saw signifi-
cant advances in the ability to carry out
automatic logging and sampling of key
parameters using ingenious, custom-built
instruments.

Cave monitoring is now being active-
ly carried out in many cave systems over
the world (e.g. Fig 1) and clearly shows
that every cave has its own “personality”
that takes several annual cycles to prop-
erly characterize and evaluate. Once this
is done, features of the chemical proxy re-
cord preserved in speleothem can then be
assigned to specific local processes, and
thus improve the reliability of climate re-
constructions from proxy records.

A day trip to Spannagel Cave, an 11
km-long high-alpine marble cave host-
ing Europe’s highest show cave, marked
the end of the workshop. The workshop
organizers are grateful for financial sup-
port from the Office of the Vice Rector
for Research, the Faculty of Geo- and
Atmospheric Sciences and the Research
Centre Geodynamics and Geomaterials
(all University of Innsbruck, Austria) and
Gemini Data Loggers (UK). @
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limate refugia, i.e. areas where popu-

lations of a species avert extinction
during periods of unfavorable regional
climate, may play a central role in main-
taining regional-to-global biodiversity.
Paleoecologists and biogeographers
have a long-standing interest in refugia
as a means to explain latitudinal migra-
tion or stasis of the geographic distribu-
tion of a species through glacial periods
and the resulting relictual distributions
and endemism (Hampe and Jump 2011).
More recently, the burgeoning field of
phylogeography has demonstrated the
value of genetic information to comple-
ment the fossil record in understanding
past species distributions. This has lead to
increased recognition that far more spe-
cies than previously thought may have
maintained small and scattered popula-
tions through the Last Glacial Maximum
in refugia situated at relatively high
latitude (Stewart et al. 2010). Indeed, a
generally low rate of extinction attribut-
able to the dramatic climate change of
the Quaternary is not congruent with
high rates of future extinction that are
projected by many species distribution
models (Botkin et al. 2007). The existence
of climate refugia in heterogeneous
landscapes may provide one solution to
this conundrum and contribute to im-
portant assessments regarding the risks
of future climate change to biodiversity.
Specifically, a better knowledge of the
functioning and dynamics of historical
climate refugia can enhance our under-
standing of how current populations may
react to future climate changes, help with
identifying potential refugia for species
of concern, and improve our understand-
ing of biotic responses to continued cli-
mate warming (Keppel et al. 2012).

We convened a three-day work-
shop, with support from PAGES and the
University of Oregon, to bring together
experts from diverse disciplines that
provide complementary insights into
the identification, characterization, and
importance of climate refugia. The work-
shop engaged 33 participants from 10
countries with backgrounds in paleo-
ecology, climatology, phylogeography,

Fossil records

Figure 1: Three broad approaches to studying past species responses to climate change may be used jointly to exploit
the complementary strengths of each approach to obtain the most complete reconstruction of historical refugia.

biodiversity research, and species distri-
bution modeling. Three days of meetings
were used to discuss advances within
each discipline and opportunities for
transdisciplinary research approaches.
There remains much untapped po-
tential to study climate refugia by using a
joint inference across multiple disciplines
(Fig. 1). Joint analysis of data across disci-
plines enables a clearer and more robust
picture of species history, as the strengths
of the different disciplines are combined.
For instance, the fossil record can be used
to evaluate the performance of paleocli-
mate simulations and species distribu-
tion models (Varela et al. 2011). Second,
hindcasted species distributions have
been used to generate hypotheses that
can be tested by phylogeographic studies
(Richards et al. 2007), or simply to reveal
past range dynamics that can explain the
current distribution of genetic lineages
(e.g. Hugall et al. 2002). The successful
application of species distribution mod-
eling to the study of refugia requires not
only reliable paleoclimate estimates from
coarse-resolution models, but also realis-
tic downscaling of relevant variables over
complex terrain in the present and the
past (Dobrowski 2011). Phylogeography
can notably help to detect small popu-
lations (cryptic refugia) and reveal the
direction of past population expansions
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that went undetected in the fossil record,
whereas the fossil record can constrain
the timing of such expansions and detect
past range contractions (i.e. local extinc-
tions; Hu et al. 2009). Where sufficient
data exist, a network of fossil sites may be
interpreted with respect to the refugia in-
ferred from genetics to constrain the spa-
tial and temporal patterns of postglacial
expansion, as has been done for Fagus
sylvatica in Europe (Magri et al. 2006).
Few studies to date have attempted joint
inferences across all three approaches,
and a quantitative framework that con-
siders the strengths and weaknesses of
each approach is needed for rigorous as-
sessment of past species refugia and mi-
gration patterns. Such studies are likely
to provide the most informed view of
how individual species persisted through
the Quaternary and, potentially, into the
future.
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Oxford, UK, 9-11 January 2012

he first meeting of the PAGES Focus

4 Biodiversity Theme was co-spon-
sored by PAGES and the Oxford Martin
School Biodiversity Institute. The over-
all aim of the meeting was to bring to-
gether paleoecologists, modelers and
neo-ecologists whose research con-
tributes to understanding the dynam-
ics over time and space of biodiversity
and ecosystem services. Forty people
attended the meeting representing 14
different countries and five continents.

The three-day meeting was split
into seven sessions. The first four fo-
cused on the presentation of paleo-
data relevant to the four key ecosys-
tem services categories (Box 1). Two
sessions focused on using the past to
assess biodiversity risks in the future,
and modeling of long-term data for
managing ecosystem services. The final
session examined the use of long-term
data in ecosystem service valuation and
management tools.

Box 1: Ecosystem services are benefits
that people obtain from ecosystems
and are divided into four categories:

« Supporting services

e.g. dispersal of seeds and pollen, cycling
of nutrients, primary production

« Provisioning services

e.g. supply of food, water, pharmaceuti-
cals, energy

« Regulation services

e.g. crop pollination, carbon sequestra-
tion, waste decomposition and detoxifi-
cation

« Cultural Services

e.g. recreational and cultural experienc-
es, scientific discoveries

In addition to the plenary presenta-
tions there were also two breakout ses-
sions, which stimulated discussion on
(i) the different types of paleoecological
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Landscape Planning for the Future: Using fossil records
to map potential threats, opportunities and likely future
developments for biodiversity and ecosystem services

Figure 1: Ecosystems, such as the Tibetan Plateau depicted here, provide a wide variety of ecosystem services such
as clean water, recreation space and fodder for grazing. Information on the response of these goods and services
to environmental change is recorded in natural archives and is essential for the sustainable management of these
resources. Photo: Shonil A. Bhagwat.

data that are relevant to assessing eco-
system services through time and (ii)
the databases and sources already
available to enable landscape-scale re-
constructions, and the identification of
data gaps. The overall conclusion from
these breakout sessions was that there
is already a vast wealth of excellent
data and models available for assessing
ecosystem function and service provi-
sion through time. The major challenge
is to determine the appropriate means
to disseminate this information to
policy makers, habitat managers, and
other academics. In particular, the par-
ticipants discussed the need to devise
new methods to present paleodata in a
format that is more accessible, possibly
through the development of new data
management tools and better web-
portals.
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The main outputs of the meeting
will be an edited volume in The Holocene
entitted Dynamics of Ecosystem
Services Through Time: Looking to the
Past to Plan for the Future. A policy
briefis also in progress to communicate
the need for a long-term perspective in
national and international ecosystem
assessments. Future planned activities
of the PAGES Biodiversity Theme in-
clude a workshop at the International
Ecology Congress (INTECOL) 2013 and
a second Working Group meeting in
Oxford, UK. The recent establishment of
the International Panel on Biodiversity
and Ecosystem Services (IPBES) renders
this PAGES Theme and its focus on bio-
diversity and ecosystem services ex-
tremely timely.



Geoarcheological Workshop - Actual stage of the
environmental archeology investigations in southern
Poland and northern Czech Republic

Poznan, Poland, 25 October 2011
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eoarcheology brings together

many disciplines such as geology,
geomorphology, archeology, paleo-
botany or zoology. The traditional geo-
archeological approach is based mainly
on geological and soil science methods,
but during the last 20 years detailed
microstratigraphic studies and analyses
of microfacies have become more and
more important (Courty 2001). These
approaches were recognized as essen-
tial to recover and understand the full
cultural and environmental potential of
archeological deposits (Goldberg and
Macphail 2006).

The main aim of this workshop was
to initiate scientific discussion on the
new challenges for geoarcheology in
Central Europe. Scientifically, the focus
was on ongoing environmental arche-
ology research in southern Poland and
the northern Czech Republic, and their

Figure 1: Excavation trench from the Late Pleistocene
archeological site Sowin in the Silesian region of
Southwestern Poland. The profile shows three main
stratigraphic units (recent soil, eolian sands, and sand-
clayish sediments) and anthropogenic charcoal depo-
sition. Photo by A. Wisniewski.

implications for paleoclimate research.
The presentations mainly concentrated
on the Late Pleistocene and Middle
to Late Paleolithic (130-12 ka BP), for
which archeological evidences are
more frequent than for earlier periods.

The organizers had invited a range
of specialists from the Czech Republic
and Poland to discuss “key” questions
of the Late Pleistocene stratigraphy
and Paleolithic evidences from south-
ern Poland. Topics addressed ranged
from subsistence strategies of Late
Paleolithic hunter groups to the MIS3-
MIS1 stratigraphical records in the re-
gion (Pottowicz-Bobak 2009; Wisniewski
et al. in press; Bobak and Poltowicz-
Bobak, in press). In addition, applica-
tions of relatively new methodological
approaches for the field were present-
ed, such as microstratigraphy, isotopic
studies or GIS analyses (see Skrzypek
et al. 2011). In total, nine presentations
raised questions about chronological
accuracy in the context of terrestrial and
marine data as well as chronostratig-
raphy from the view-point of archeol-
ogy (e.g. Fig 1; Wisniewski, University of
Wroctaw; Bobak, University of Rzeszow)
and sedimentology (Lisa, Institute of
Geology, Academy of Sciences of the
Czech Republic; Kalicky, University
of Kielce), subsistence strategies in
the context of environmental chang-
es (kanczont, University of Lublin;
Madeyska, Polish Academy of Science;
Warszawa, Pottowicz-Bobak, University
of Rzeszéw; e.g. Boguckyj et al. 2009,
Sytnyk et al. 2012) and on the paleo-
zoological records of environmental
change (Nadachowski, Polish Academy
of Sciences; Krakéw, University of
Wroctaw; Nadachowski 2011). Finally,
Iwona Hildebrant-Radke (Mickiewicz
University Poznan) presented new
methodological aspects for the use
of GIS in geoarcheological investiga-
tions (Jasiewicz and Hildebrand-Radke
2009). The presentations were followed
by plenary discussions.
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The major outcomes from the meet-
ing in Poznan are plans for a new co-
operation, especially within the scope
of the study of the Late Paleolithic in
the historical region of Silesia. One ex-
ample is the transfer of methodological
knowledge between institutes from the
Czech Republic and Poland. The par-
ticipants agreed to build a network for
sharing such information. Until now,
the exchange of knowledge between
the Polish and Czech groups was rather
scant and it was decided that an impor-
tant step to improve it would be to des-
ignate a contact person in each country
who will share the information about
forthcoming meetings. The contact per-
sons for the Polish part are Katarzyna
Issmer and Andrzej Wisniewski. The
contact person on the Czech side is
Lenka Lisa. Another approach to fa-
cilitate communication in the scien-
tific community is the creation of two
virtual groups on the social network
Facebook with the title “Quaternary
Group” (www.facebook.com/#!/
groups/253485648040066/) and
“Zooarchaeology and Paleonthology”
(www.facebook.com/#!/groups/pale-
ontologie/). Also, a scientific platform
for Central Europe was set up (http://
geoinfo.amu.edu.pl/sas/en/egp/index.
php).

This workshop was support-
ed by the Polish Association for
Environmental Archeology and the A.
Mickiewicz University in Poznan, and
was endorsed by PAGES.
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