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U.S. and Chinese Scientists Discuss
the Ocean’s Response to Climate Change

Climate Change and Coastal Oceans Workshop;

Qingdao, China, 26-28 October 2008
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A 3-day workshop was held in China to
discuss coastal ocean processes, the biogeo-
chemistry of large river-dominated ocean
margins (RiOMars), and climate change
and variability studies; to formulate a strat-
egy for a joint venture to assess how climate
change has affected coastal oceans; and
to predict the ocean’s response to future
change scenarios. The workshop, which
brought together experts from Texas A&M
University (TAMU) and five Chinese uni-
versities and institutes—Ocean University
of China (OUC), Institute of Oceanology of
the Chinese Academy of Sciences (I0CAS),
Xiamen University (XU), Tianjin University
of Science and Technology (TUST), and
East China Normal University (ECNU), high-
lighted the similarities in topics important to
North America and Asia.

As indicated by the 2007 Intergovernmen-
tal Panel on Climate Change report, climate
change imposes far-reaching challenges
on society. This workshop focused on two
large, river-dominated coastal environments:
the Mississippi-Atchafalaya system and the

Changjiang estuary. Numerous parallels
exist between the impacts of the Changjiang
on the East China Sea and the Mississippi
on the Gulf of Mexico. These RiOMars are
ideal for examining the impacts of climate
change because they are characterized
by large, heavily populated watersheds in
two countries that are important in deter-
mining the human carbon footprint. The
hydrology, biodiversity, and geochemi-
cal characteristics of these systems have
been greatly influenced by land use and
regional-scale climate change. Workshop
participants reviewed current progress in
understanding physical and biogeochemi-
cal processes controlling the two RiOMars,
brainstormed challenges in developing a
multidisciplinary system capable of assess-
ing and predicting impacts of global cli-
mate change on these RiOMars, and iden-
tified a multifaceted approach to address
these challenges.

The workshop established three collab-
orative task forces to address key issues in
nearshore/coastal process studies, biogeo-
chemical process studies, and dynamical
downscaling of global climate change stud-
ies. The nearshore/coastal task force was led

by Steven F. DiMarco (TAMU) and Hao Wei
(TUST and OUC); the biogeochemical task
force was led by Thomas S. Bianchi (TAMU),
Zhinan Zhang (OUC), and Minhan Dai (XU);
and the dynamical downscaling task force
was led by Ping Chang (TAMU) and Dex-
ing Wu (OUC). The nearshore/coastal task
force focused on studies of processes that
control local marine environmental haz-
ards, such as hypoxia, in the two systems
through analyses and model simulations.
The biogeochemical task force concen-
trated on characterizing the dominant past
and recent changes in biogeochemical pro-
cesses in these RiOMars through changes

in the chemical composition and dynamics
of dissolved and particulate materials in the
water column and sediments. The dynami-
cal downscaling task force aimed at devel-
oping fine-resolution, regional coupled cli-
mate models capable of resolving mesoscale
oceanic and atmospheric processes in these
systems for assessing future local impacts of
global climate change projections. Research
proposals that support investigations on
these topics are being developed for both
U.S. and Chinese funding agencies by the
task forces.

The workshop was cosponsored by the
U.S. National Science Foundation, TAMU,
and OUC and is part of an ongoing initiative
between TAMU and OUC that includes offer-
ing a joint Ph.D. degree in oceanography.
More detailed information concerning the
workshop can be found at http://geosciences
tamu.edu/climate/index.html.

—STEVEN F. DIMARCO, Department of Ocean-
ography, Texas A&M University, College Station;
E-mail: sdimarco@tamu.edu; and DEXING WU, Col-
lege of Physical and Environmental Oceanography,
Ocean University of China, Qingdao, China

Connecting Scientific Drilling and Human Evolution

Scientific Drilling for Human Origins: Exploring the Application
of Drill Core Records to Understanding Hominin Evolution;
Addis Ababa, Ethiopia, 17-21 November 2008
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How did environmental history, partic-
ularly climate, affect the evolution of our
hominin ancestors and closely related spe-
cies? The formulation of testable hypothe-
ses about the climate-evolution connection
is impeded by limited numbers of hominin
specimens and the geographic and tempo-
ral gaps that characterize their fossil record.
Additionally, knowledge of Earth’s environ-
mental history close to these fossil finds
remains limited. Scientists interested in the
problem currently make use of temporally
and geographically discontinuous outcrop
exposures at the fossil sites, and/or deep-sea
or lake paleoclimate records geographically
distant from the hominin fossils, to address
the Earth history side of this equation.

A workshop was held in Ethiopia to con-
sider how scientific drilling might improve

our understanding of the connection
between Earth history and human origins.
This workshop, funded by the International
Continental Scientific Drilling Program

and the U.S. National Science Foundation,
brought together a diverse group of 60 Earth
scientists, anthropologists, and archaeolo-
gists from 13 countries to develop a drilling
plan for East African sedimentary basins
where important fossil and stone tool discov-
eries have been made.

Sedimentary drill cores from both the
ocean basins surrounding Africa and
ancient lakes on the African continent
have already proven useful in informing
the debate about paleoclimate and human
evolution. Drill cores provide continuous
records of climate history from a single
location, unbroken by the vagaries of out-
crop exposure. The fine-grained sediments
of both oceans and lakes preserve a wide

variety of fossil and geochemical archives,
allowing quantitative reconstructions of cli-
mate and ecosystem history. When these
sediments are derived from drill cores, they
have not been exposed to the destructive
effects of outcrop weathering.

During the meeting, participants consid-
ered four areas already under detailed con-
sideration by the steering committee for
drilling: a northern Awash Pliocene depo-
center (~3.8-2.9 million years old) in Ethio-
pia; Plio-Pleistocene lake beds (~2.0-1.5 mil-
lion years old) in West Turkana, Kenya; and
Pleistocene/Holocene lake beds (~1.2 mil-
lion years old to present) at Olorgesailie
and Lake Magadi in southern Kenya. They
also evaluated other areas suggested by the
workshop participants (a call for additional
site suggestions by the scientific community
is discussed in the full text of this meeting
report, available in the electronic supple-
ment to this Eos issue (http://www.agu.org/
eos_elec)). The workshop promoted lively
discussions of potential science objectives,
as well as logistical and community out-
reach considerations for drilling near homi-
nin sites.



Meeting participants assessed that the
new drilling campaign should seek to collect
the most valuable and immediately useful
records, which would combine the positive
attributes of completeness and high-quality
preservation. In addition, participants rec-
ognized that drilling should be prioritized
to sedimentary basins where the fossils and
artifacts have actually been found, target-
ing time intervals when important questions
can be asked regarding human evolutionary
history.
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Fortunately, in the East African Rift Val-
ley, where the largest number of fossils,
hominin species, and artifacts have been
recovered, fine-grained lake beds occur
abundantly, not only below extant lakes
but also in sequences now exposed on dry
land. These lacustrine deposits, with their
documented capacity to provide high-
quality paleoclimate records, coupled with
proximity to hominin fossil sites and excel-
lent preservation of microfossils and bio-
geochemical materials compared with

exposed outcrops, make for compelling
drilling targets, conference participants
agreed. Through such investigations, clues
to the relationship between earth history
and human evolution may be revealed.

—ANDREW COHEN, Department of Geosciences,
University of Arizona, Tucson; E-mail: cohen@email
.arizona.edu; and MOHAMMED UMER, Department
of Earth Sciences, Addis Ababa University, Addis
Ababa, Ethiopia

What Can Water Vapor Reveal
About Past and Future Climate Change?

AGU Chapman Conference on Water Vapor and Its Role in Climate;
Kailua-Kona, Hawaii, 20-24 October 2008
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An AGU Chapman Conference on water
vapor was held in Hawaii with approxi-
mately 120 attendees from nine countries.
The meeting began with a keynote presen-
tation on the hydrological cycle and cli-
mate change and continued with sessions
on issues related to the upper troposphere/
lower stratosphere region (UT/LS), the inter-
actions of convection and water vapor, and
the behavior of water vapor on large scales
and in future and past climates.

The conference highlighted important
advances in the scientific community’s
understanding since the previous Chapman
Conference on this subject, in 1999. Basic
understanding of the future hydrological
cycle changes predicted by the current gen-
eration of numerical climate models has
improved significantly, owing to analyses of
the Coupled Model Intercomparison Project
phase 3 (CMIP3) archive of model outputs,
helping to guide future research. Speakers
also presented evidence of much weaker
and stronger hydrological cycles at the Last
Glacial Maximum (about 20,000 years ago)
and hot periods in the early Eocene (55 mil-
lion to 33 million years ago), respectively.
While no evidence was presented to ques-
tion the anticipated positive feedback of
water vapor on global warming, discussions

noted the expectation of local changes in
relative humidity in a warmer climate.

The very low humidities observed in the
subtropical troposphere are now quantifi-
able to first order by a simple advection-
condensation theory. Observations now
confirm that supersaturation of water vapor
over ice up to about 50% is common near
the tropical tropopause (the boundary
between the troposphere and stratosphere),
and that strong storms can inject significant
amounts of water to as high as 21 kilome-
ters above sea level in the tropics, directly
hydrating the stratosphere. Participants
highlighted the newly appreciated roles of
both frontal boundaries (or other meso-
scale heterogeneities) and ample water
vapor throughout the troposphere in fos-
tering storm initiation and development.
These and other findings have been facili-
tated by new observing techniques includ-
ing radar and light detection and ranging
(lidar) absorption, Global Positioning Sys-
tem (GPS) occultation, several new satellite
sensors, and newly homogenized humidity
data sets.

A recurring theme was the rapid growth
in the measurement and use of stable iso-
topes of water. There are now three satel-
lites in orbit capable of observing deute-
rium ratios in atmospheric water vapor. A
campaign begun just prior to the meeting,

running newly developed isotopic ana-
lyzers on Mauna Loa, had within 2 weeks
obtained more in situ isotopic vapor data
than all collected previously. Several pre-
senters noted the potential for isotopic
measurements in vapor, rain, and clouds to
constrain atmospheric process models and
help interpret isotopic evidence from past
climates.

Remaining challenges include poor
understanding of how and why heavy rains
and droughts will change in a warmer
world; mysterious trends during the past
2 decades in near-surface wind, rainfall, and
evaporation; the acute need for better con-
ceptual models of how convection interacts
dynamically and microphysically with its
environment; and inadequate understanding
of the processes determining isotopic com-
position. Finally, significant worries were
raised concerning possible interruptions to
U.S. microwave and infrared satellite moni-
toring due to program delays, and strategies
were discussed for developing future observ-
ing systems.

For more on the discussion of future
observing systems, see the online supple-
ment to this Eos article (http://www.agu.org/
eos_elec/).

—STEVEN C. SHERWOOD, Department of Geol-
ogy and Geophysics, Yale University, New Haven,
Conn.; now at Climate Change Research Centre,
University of New South Wales, Sydney, Australia;
E-mail: s.sherwood@unsw.edu.au; NATALIA
ANDRONOVA, Department of Atmospheric, Oceanic,
and Space Sciences, University of Michigan, Ann
Arbor; ERIC FETZER, Jet Propulsion Laboratory,
Pasadena, Calif.; and E. ROBERT KURSINSKI, Univer-
sity of Arizona, Tucson
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Scientific Drilling for Human Origins: Exploring the Application of Drill Core
Records to Understanding Hominin Evolution. Workshop Report

This workshop, held in Addis Ababa, Ethiopia considered the role that scientific
drilling might play in improving our understanding of the connection between
earth history and human origins and evaluated specific drilling targets already
under consideration. Relatively simplistic linkages between climate and human
evolutionary history have been put forward for over 100 years, but these
concepts became much more sophisticated with the advent of detailed climate
records from deep sea drill cores. The ability to infer climate variation at a variety
of time scales allowed anthropologists to propose new ideas of how Earth history
might have influenced hominin evolution. Climate and tectonics (as expressed
through change/stability in landscapes, resource abundance and predictability
and seasonality) could generate adaptive change, speciation, extinction or stasis
in hominin species by affecting species diet, mobility, social strategies,
reproduction and demography. Testing linkages from the earth science side
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requires records from various locations and time intervals encompassing a range
of biotic “events” (including intervals of stasis as well as change). Computer
modeling experiments on the interaction of climate and ecosystem change would
also provide critical tests of hypothesized links between human evolution and
Earth history.

Prior studies had given us a general rationale for drilling hominin fossil sites. An
East African Rift focus for an initial drilling program is most likely to yield
immediate scientific benefits at a reasonable cost. Lake beds with the combined
attributes of high sedimentation rates, temporal continuity, good geochronologic
control, close proximity to fossil/artifact sites, and ease of truck-mounted drill rig
access (an important cost consideration) are fortunately present in several areas
of the rift valley.

An exploratory NSF grant allowed the steering committee to characterize four
promising locations for a first phase of drilling, encompassing a range of critical
time intervals for hominin evolution and types of drilling targets. Site studies
consisted of logistical evaluations (road and water access for drill rigs,
consultations with local drillers and stakeholders) and limited subsurface
geophysics (reflection seismics, electrical and magnetic surveys). The workshop
provided an opportunity to review the results of these surveys, as well as to
consider other promising drilling targets.

One potential target is a large Pliocene paleolake depocenter in the northern
Awash River valley (Afar region) of Ethiopia. The site, known as Ledi Geraru, is
in the same depositional basin as some of the most important accumulations of
Middle Pliocene hominin fossils in the world, including the Australopithecus
afarensis fossil “Lucy”, the “first family” collection of A. afarensis fossils and the
earliest known stone tools. With its thick sequence of fine-grained lacustrine
sediments, including diatomites, this site could provide an excellent >3.4-2.9 Ma
paleoclimate record, encompassing an interval of both morphological stasis and
change for A. afarensis.

Another promising drill site lies on the west side of Lake Turkana, Kenya, in the
depocenter of an early Pleistocene (~2-1.5Ma) predecessor of the modern rift
lake. The region is renowned for its archaeological, hominin and other vertebrate
fossil record, including over 500 hominin fossils and 100 archaeological sites. As
with the Afar area, establishing an age model for the thick lacustrine sequence to
be cored would be facilitated by the numerous dated and characterized tephras.
A high resolution paleoclimate record here would span the time of the origin of
several species of Homo, the earliest Acheulean stone tool technology, and the
first dispersal of hominins out of Africa.

Two sites in southern Kenya would provide records of more recent events in
hominin evolution. The Olorgesailie Basin was occupied by a paleolake between
~1.2-0.5Ma, and contains some of the most important middle Pleistocene



(Acheulean) archaeological sites in the world, along with abundant vertebrate
fossils. As with the other areas discussed, it has well dated tephras throughout
the lake beds that would be targeted for drilling. Nearby Lake Magadi, a playa in
the sump of the Kenyan rift valley is also promising. Earlier trona exploration
drilling and geophysical surveys revealed a thick sequence of lacustrine
sediments spanning the last million years. Combining core results from the
Olorgesailie and Magadi basins would allow researchers to distinguish
intrabasinal hydrologic events from regional climate history and address
hypotheses about water and food resources for hominins at a variety of time and
spatial scales.

Additional sites in Kenya and Ethiopia were also considered (e.g. near Lakes
Baringo and Chew Babhir) during the workshop. Many hominin fossil and
archaeological sites would benefit from adjacent lake bed drilling and the
workshop participants recognized that any drilling campaign to arise from this
meeting should only be a first phase in what could emerge as an entirely new
arena for scientific drilling. Much of the meeting discussion time was devoted to
considering the science/logistical issues surrounding each area, and strategies
for core sampling, analysis, curation and logging. By the end of the meeting a
consensus had emerged that a project review committee should move ahead
with a formal evaluation of all proposed sites, along with an analysis of funding
options for the project.



