Research Statement
I am interested in the areas of paleoclimatology and paleoceanography with
emphasis on past climate reconstruction of tropical and subtropical regions. My research
aims to understanding atmospheric and oceanographic responses to climate forcings and
feedbacks on short and long time scales. Currently, I am involved with four main lines of
research: (i) Plio-Pleistocene climate evolution of the equatorial Pacific, (ii) Quaternary
sea level change (iii) paleoclimate reconstruction in Mexico and Central America, and
(iv) paleo-climate sensitivity. My technical expertise is in geochemical proxies of ocean
and climate change, including foraminiferal Mg/Ca-Paleothermometry and stable
isotopes. I have experience working with various paleoclimate archives including corals,
marine and lake sediments, and stalagmites. Most recently, I have developed hydrological
models for quantitative interpretation of paleoclimate records from the Gulf of México
and Caribbean regions. Finally, I have worked in studies concerned with impacts of oil
platforms and refineries in Mexico due to operational and accidental spillage of
hydrocarbons and trace elements to marine and terrestrial environments.
Plio-Pleistocene Climate Evolution
This line of research focuses on applying the Mg-paleothermometry technique,
trace elements and stable isotope proxies in marine sediments, to reconstruct tropical
climate and oceanographic change over the last 5 million years. My work has revealed
important aspects regarding the role of greenhouse gases on tropical climate variability
during Plio-Pleistocene glaciations. Particularly, we found compelling evidence that
tropical Pacific sea surface temperature changes were not a response to oceanographic
processes (i.e. advection from high-latitudes or thermocline depth changes), external
forcing (i.e. obliquity and precessional insolation variability), or remote forcing from the
ice sheets, but instead a response to changes in the atmospheric composition of
greenhouse gases (Medina and Lea, 2005, 2010).
The reconstruction of Pliocene tropical climate evolution has acquired particular
relevance in light of future climate change. Proxy CO2 records suggest that Pliocene
atmospheric levels of greenhouse gases were similar to today. A dominant control of
greenhouse gases on tropical Pacific temperatures thus implies that the Pliocene is
particularly adequate to investigate equilibrium or quasi-equilibrium tropical climate
responses to modern levels of atmospheric CO2.
I am interested in extending the geographical coverage of Plio-Pleistocene
tropical ocean-land climate records. In a recent study where we compiled all the ocean
temperature records from public data servers that extend over at least one glacial cycle,
we found the existence of major data gaps, temporally and spatially, throughout the
tropical oceans (Rohling et al., J. of Clim. 2012). A better coverage of past climate
reconstruction is needed to determine the role of climate dynamics versus regional
radiative changes in controlling meridional temperature variability during the glaciations.
This empirical information is not only important to determine the ultimate trigger(s) and
the role of feedbacks during the ice ages but also to validate the predictive skill of general
circulation climate models.
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Quaternary Sea level records
Available Quaternary sea level records have sea level and chronological
uncertainties. These records, however, are essential to determine a global (eustatic) sea
level curve, the role of ice sheet albedo changes as a feedback of glaciations and,
importantly to provide realistic estimates of rates of sea level change for the future. I am
involved in studies that investigate rates of sea level change during the late Quaternary
based on a comprehensive examination of sea-level proxy methods involving statistical
assessment of uncertainties. We have recently produced significant chronological
improvements to the Red Sea sea-level records that allowed us to determine phase
relationships with high-latitude temperature records and examine rates of sea level
change during intervals of rapid warming (Stanford et al., 2011; Grant et al., Nature
2012). In addition, I produced a quality-controlled compilation of sea level data from UTh dated corals, encompassing 30 studies of 13 locations around the world. My statistical
approach to evaluate these data compilation provides a framework that objectively
identifies critical targets for new data collection, improved corrections, and integration of
coral data with independent continuous methods of sea level reconstruction (MedinaElizalde, EPSL, 2013).
Paleoclimate sensitivity
The paleoclimate record offers empirical scenarios to investigate global and
regional temperature responses to changes in radiative forcing by greenhouse gases and
other forcing (feedback) agents. There is currently a reasonably good understanding of
the total radiative energy change during the glaciations from changes in greenhouse
gases, continental ice sheet albedo, dust (less so) and solar insolation. In a meeting on
“Paleoclimate Sensitivity” convened in the year 2011 at the Royal Netherlands Academy
of Arts and Science in Amsterdam to which I was invited to participate together with
climate modelers, physicists and other paleoclimatologists, a consensus was reached that
paleoclimate studies are needed to obtain empirical estimations of fast-feedback quasiequilibrium climate sensitivity (Palaeosens, Nature 2012). As a member of the
PALAEOSENS group formed in this meeting, I am contributing to the development of a
consistent framework to report paleoclimate sensitivity estimates and conducting an
assessment of whether global temperature sensitivity depends on the climate state. In
addition, I am coauthor of a recent comprehensive evaluation of Earth Climate Sensitivity
to the combined radiative forcing changes by fast and slow feedbacks over full glacialinterglacial cycles (Rohling et al., 2012). This study is one of the first to provide
empirical estimates of polar amplification and tropical temperature responses to local
radiative forcing changes, during glaciations.
Paleoclimate reconstruction of the Yucatan Peninsula and Central America
The geographical characteristics of the Yucatán Peninsula (YP) make it an ideal
region to reconstruct past climate changes in Mexico and the southern United States.
Climate over these regions is influenced by large-scale atmospheric phenomena related to
the American Monsoon and the Intertropical Convergence Zone. Until recently, it had not
been possible to interpret records of past climate change from México quantitatively.
Recent we succeeded in reconstructing the first continuous quantitative rainfall record
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from a stalagmite in North America; retrieved from a YP cave (Medina-Elizalde et al.,
EPSL 2010; Medina-Elizalde and Rohling Science, 2012). I am interested in making use
of these achievements and reconstruct a synoptic spatial view of past climate variability
in the YP and Central American regions, in quantitative terms. These regions represent
spectacular cave systems where stalagmite deposits are available and have been recording
local climate conditions continuously for tens of thousands of years. This research line
has a multidisciplinary flavor. A synoptic climate and environmental view of the YP and
Central America would (i) provide a climate and environmental context to Late
Pleistocene megafauna found in the region; (ii) allow investigation of the natural drivers
of reconstructed climate variability, including the role of solar insolation (iii) offer
estimations of the hydrological sensitivity of the Gulf of Mexico and Caribbean regions
to changes in greenhouse gases (sensu Rohling et al J. of Clim. (2012) for temperatures),
(iv) provide the time and the climate context related to ancient human burials found in
submerged caves, and finally, (v) help resolve whether climate change was the ultimate
trigger of the fall of the two largest Maya Kingdoms, Tikal and Calakmul. In
collaboration with a colleague from the University of Taiwan, I am currently extending
the paleoclimate record of Mesoamerica back 350,000 years before present.
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