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Session I: CARBON CYCLE 
 
Talks (in order presented): 
 
Colin Lindsay Colin.Lindsay@colorado.edu UC Boulder 
Southern Ocean carbon sink constraints from radiocarbon in Drake Passage air 
The Southern Ocean is one of the earth’s largest regional net carbon sinks due to strong westerly winds, 
which drive surface gas exchange, deep mixing and upwelling. Its strength is set by complex interactions 
between physical circulation, gas exchange and biological activity. Recent work by others has predicted 
that global warming may weaken the sink by strengthening the regional winds, increasing upwelling and 
the flux of deep, naturally carbon-rich water into the surface mixed layer. The resulting decrease in the 
regional air-sea pCO2 (partial pressure of CO2) difference is thought to overwhelm other compensating 
changes, reducing the rate that carbon is removed from the atmosphere. Carbon brought to the surface by 
upwelling is also naturally depleted in radiocarbon, the radioactive isotope of carbon, due to decay during 
its residence time in the deep ocean. Here we demonstrate the use of precise measurements of radiocarbon 
in Drake Passage air (14CO2) to detect short-term fluctuations in the Southern Ocean gross sea-to-air 
carbon flux, and by extension, possible changes in the net carbon sink and its underlying causes.  
Drake Passage boundary layer air has been sampled since 2006 at roughly fortnightly intervals as part of 
NOAA’s Cooperative Air Sampling Network, resulting in a 5-year high-resolution 14CO2 time-series with 
accompanying same-flask CO2 concentration measurements. Atmospheric measurements at Drake 
Passage are representative of zonal average exchange fluxes due to strong mixing by the westerly winds. 
In preliminary results, anomalously low ∆14C values are correlated with positive states of the Southern 
Annular Mode, a hemispheric-scale indicator of stronger westerly winds in the high latitude Southern 
Ocean. Simulations from the TM5 atmospheric transport model with a detailed global radiocarbon budget 
are used to interpret the results. These results appear to support the hypothesized link between stronger 
westerly winds and a weaker Southern Ocean carbon sink. 
 
Nancy Williams williamn@uw.edu UW 
Quantifying Anthropogenic Carbon Changes in the Southern Ocean 
The Southern Ocean plays a major role in mediating the long-term storage of carbon into the deep ocean. 
Examining the magnitude and spatial distribution of this oceanic carbon uptake is critical to our 
understanding of how the earth’s carbon system will react to continued increases in anthropogenic carbon 
dioxide. Here, we quantify the total change in dissolved inorganic carbon (DIC) along the S04P CLIVAR 
hydrographic line at 67°S in the Pacific Ocean between 1992 and 2011 using discrete bottle 
measurements from repeat occupations. The total change in DIC can be attributed to both natural sources 
(changes in remineralization rates, circulation changes) and anthropogenic sources (increased atmospheric 
carbon dioxide dissolving into surface waters). Along the S04P section, which is located south of the 
Antarctic Circumpolar Current, the anthropogenic component of the DIC change is isolated to the 
Antarctic Surface Water layer (AASW, upper 150m), while the observed change in DIC in Circumpolar 
Deep Water (CDW) from 1992 to 2011 can be primarily attributed to either a slowdown in circulation or 
decreased ventilation of deeper, high CO2 waters. We also compare our measurement-based results with 
results from two model-based methods. 
 
Tyler Rohr trohr@mit.edu MIT 
Spatial Variability in the Controls on Phytoplankton Ecosystem Dynamics in the Southern Ocean 
Oceanic uptake of anthropogenic CO2 is a predominant factor in mitigating a dangerous rise in 
atmospheric CO2 levels, and the Southern Ocean accounts for a disproportionately large fraction (~1/3) of 
total oceanic uptake. Faced with a changing climate, understanding the controls on phytoplankton 
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ecosystem dynamics in this region is critical to better understanding the biological pump, the air/sea CO2 
flux, and long term variability in CO2 storage. 900 years of high temporal resolution model output from 
the Community Earth Systems Model are used in tandem with historical observational satellite data to 
study and quantify the spatial variability in the controlling mechanisms on the spring phytoplankton 
bloom in the Southern Ocean. Qualitative and quantitative discrepancies between population specific 
growth rates and cell specific division rates are studied in relation to bloom size and phenology to provide 
insight into which biological, trophic or physical controlling mechanisms dominate regionally. Moving 
pole-ward, results indicate a substantial increase in bloom magnitude and significant delay in bloom 
phenology. Further, results suggest the possible existence of a spatial transition from the dominance of a 
‘Top-Down’ to ‘Bottom-Up’ control on bloom dynamics. Spatial variability in the relevant physical 
processes (sea ice, mixed layer depth, etc.) appears to play a critical role in mediating this transition. As 
climate driven alterations moderate these physical processes understanding the spatial variability in their 
role controlling bloom dynamics will help provide predictive insight to global oceanic carbon storage. 
 
Yassir Eddebbar yassir.eddebbar@yahoo.com Scripps 
On the Natural Variability of Air-Sea Oxygen and Carbon Fluxes 
Anthropogenic climate change attribution and model predictions of anthropogenic phenomena such as 
ocean deoxygenation and acidification remain challenged by our limited observations and understanding 
of the natural physical and biogeochemical processes regulating the oceanic oxygen and carbon cycles. 
Natural climate variability is expected to have a significant influence on biogeochemical systems through 
its expressions in anomalous air-sea heat exchanges and ocean circulation. Such expressions can 
drastically alter global and regional biogeochemical landscapes by regulating upwelling of nutrients/DIC-
rich O2-depleted waters, and influencing saturation, biological production, and respiration rates, thus 
controlling O2 and C fluxes on various timescales. One unique observational window into the oceanic 
oxygen and carbon cycles is their combined atmospheric record. Because of their tight coupling in 
terrestrial and anthropogenic processes and decoupling below the ocean surface, O2 and CO2 
measurements can be combined to produce an oceanic tracer known as the Atmospheric Potential Oxygen 
(APO ~ O2 +1.1 CO2). The last two decades of the APO record exhibit spatial and temporal variability 
features at seasonal, interannual, and decadal timescales. To put these observed trends into context, we 
explore the natural variability of the APO on interannual to multidecadal timescales in unforced “control” 
runs in the NCAR CESM model, and find interesting signatures of El Niño events and other modes of 
variability on APO fluxes, with pronounced spatially heterogeneous responses across ocean basins. An 
intercomparison of CMIP5 model simulations however shows a large spread between models and an 
underestimate in simulating spatial and temporal variability of these fluxes, highlighting the need for 
constraining coupled earth system models with observations for both the oceanic Oxygen AND Carbon 
cycles. Quantifying the natural variability of both cycles is critical to accurately assess human influences 
on the ocean’s complex biogeochemical system and monitoring the strength of the oceanic carbon sink as 
we perturb our climate further. 
 
 
Posters (alphabetical by last name): 
 
Samantha Bova samantha_bova@brown.edu  Brown 
Radiocarbon evidence for old carbon in the Eastern Equatorial Pacific subsurface during the last 
glacial termination 
Glacial-interglacial cycles are responsible for the largest natural perturbations in atmospheric carbon 
dioxide (CO2) over the past million years. Evidence for these fluctuations comes from ice cores, which 
record lower concentrations of atmospheric CO2 during glacials, about 80 ppm lower than the pre-
industrial value of 280 ppm. However, they provide no information about where the carbon was stored or 
the mechanisms responsible for its eventual release. A leading hypothesis favors a deep Southern Ocean 
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reservoir, calling upon more extensive sea ice and/or northward shifted westerly winds to reduce 
upwelling and mixing of the carbon-rich deep waters to the surface ocean under glacial conditions, 
effectively isolating large volumes of carbon from the atmosphere. If correct, during glacial terminations 
we expect to find evidence for pulses of old carbon to the Southern Ocean surface and intermediate 
waters (SOIW) as climate warmed.  
Radiocarbon measurements on benthic foraminifera, marine zooplankton that live at the sediment-water 
interface, provide direct evidence for the presence or absence of old carbon in intermediate and deep 
water masses. Here, we add to a growing dataset of benthic foraminiferal radiocarbon data from regions 
bathed by SOIWs during the last glacial termination by evaluating the radiocarbon age of coeval benthic 
and planktic foraminifera in the Eastern Equatorial Pacific. We find evidence for pulses of old carbon 
within SOIW in sync with Southern Hemisphere warming and rising atmospheric CO2. The magnitude 
and timing of the benthic radiocarbon excursions in our record are comparable to those measured 
previously at intermediate depth near Baja (Marchitto et al 2007) and the Drake Passage (Bryan 2010) 
and provide support for a deep Southern Ocean glacial carbon reservoir. Today, it is estimated that a 
significant fraction of anthropogenic CO2 is taken up by these SOIWs (Mikaloff-Fletcher et al. 2006); it is 
therefore critical to understand how this region responded to past global change. 
 
Dana Ehlert dehlert@sfu.ca Simon Fraser  
What are the causes for the approximate constancy of the Transient Climate Response to 
cumulative CO2 Emissions (TCRE)? 
This research examines an important gap in the modeling of climate-carbon cycle interactions, 
specifically concerning the question of how much warming to expect for a certain amount of 
anthropogenic CO2 emissions. Recent literature has demonstrated an approximately constant ratio 
between warming and the total amount of CO2 emissions, referred to as the Transient Climate Response 
to cumulative CO2 Emissions (TCRE). While this ratio has been suggested as a useful benchmark for 
model inter-comparison, the TCRE also enables the estimation of maximum cumulative CO2 emissions 
comparable with staying below a warming target, an application of interest to climate policy. However, 
little is known about the physical and bio-geochemical principles behind the approximate constancy of the 
TCRE. To address this gap, we explore the causes behind the approximate constancy of the TCRE. A 
common hypothesis is that ocean heat and carbon uptake are governed by the same physical mechanisms 
and this determines the constancy of the TCRE. There are several reasons to question this hypothesis, as 
the amount of emitted carbon remaining in the atmosphere also depends on land carbon uptake. This 
study investigates the above hypothesis by exploring the role of ocean heat and carbon uptake in the 
constancy of the TCRE, but also the effect of land carbon uptake. This is being conducted using a climate 
model of intermediate complexity (Uvic ESCM 2.9). The model consists of a simple 1-dimensional 
atmosphere, a dynamic 3-dimensional ocean, a dynamic land vegetation model, and includes a carbon 
cycle. CO2 is the single anthropogenic forcing used in the simulation. The analysis of the simulations 
gives further understanding of the mechanisms behind the constancy of the TCRE and the climate-carbon 
cycle interactions in general. 
 
Katerina Georgiou kgeorgiou@berkeley.edu UC Berkeley 
First-order Soil Carbon Decomposition Models Exhibit Bias in Response to Elevated CO2: 
Implications for Representing Soil Priming in Earth System Models 
Earth System Models (ESMs) are a key tool for making predictions of how anthropogenic activities are 
influencing the Earth’s climate and ecosystems. However, there are many ecosystem-climate feedbacks 
that are still incompletely understood and poorly represented in mathematical form. One such feedback is 
that of soil organic matter (SOM) stabilization and decomposition, which, although crucial for climate 
predictions at global and regional scales, is still underrepresented in ESMs. 
SOM is a major reservoir of carbon, containing more than double the atmospheric carbon or triple the 
carbon in vegetation. If perturbed by alterations in climate and plant productivity, large amounts of stored 
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carbon will be released to the atmosphere from soils, driving a positive feedback to climate change. Here 
we investigate the feedbacks from soil priming, whereby microbial activity can drastically accelerate 
decomposition when carbon inputs from plants increase at elevated carbon dioxide concentrations.  
Although the mechanism by which priming occurs is still unclear, many field and laboratory incubation 
experiments have reported priming under various conditions. We first address an inherent bias in the 
magnitude of priming reported by studies that used a first-order linear SOM model, and that only 
measured the overall respiration and carbon stocks of the bulk soil. We then discuss the implications of 
using these results to predict a global priming effect and comment on the necessary data to accurately 
represent this feedback in ESMs. We incorporate an estimate of the priming effect in the vertically 
resolved Community Land Model (CLM) to measure the magnitude of global feedbacks resulting from 
accelerated SOM decomposition. These results serve to underscore the potential effects of priming on 
global SOM and motivate further research on carbon-climate feedbacks. 
 
Hilary Palevsky palevsky@uw.edu UW 
Rates and efficiency of the North Pacific biological pump 
Export of biologically-produced organic material in the ocean, known as the “biological pump” plays an 
important role in regulating the global carbon cycle. Changes to the biological pump driven by changes in 
rates of photosynthetic production or the efficiency of export in response to climate-related influences 
such as warming, acidification or increased stratification could play an important role as a feedback 
influencing future climate change. However, our current understanding of the ocean’s biological pump 
and ability to validate predictive models is limited by sparse data coverage due to the difficulty of making 
biological and chemical measurements at high spatial and temporal resolution throughout the ocean. 
In this study, we estimate the rate and efficiency of the biological pump across the North Pacific Ocean 
over the full annual cycle using measurements of triple oxygen isotopes (17Δ), a tracer for gross primary 
production (GPP), and dissolved oxygen/argon gas ratios (O2/Ar), a tracer for carbon export, from sixteen 
container ship transects across the North Pacific (30-50°N, 145°E-130°W) from 2008-2012. Spatial 
variability and seasonality and in both GPP and carbon export were highest in the region influenced by 
the Kuroshio and Oyashio currents in the western North Pacific and decreased eastward across the basin. 
Although spring and summer GPP and carbon export below the base of the shallow seasonal mixed layer 
are higher to the west, much of that carbon is outgassed back to the atmosphere during deep winter 
mixing, resulting in higher net annual carbon export in the eastern than the western North Pacific. This 
has important implications for the need to monitor throughout the full annual cycle and account for the 
role of physical dynamics to accurately assess the role of the ocean’s biological pump in the global carbon 
cycle. 
 
Aditi Sengupta sengupta.19@osu.edu Ohio State 
Studying Methanotrophic Bacterial Diversity in Soils Using Next Generation Sequencing 
Methane (CH4) is a potent greenhouse gas found at lower concentrations in the atmosphere than carbon 
dioxide (CO2) but, on a similar mass basis, has a global warming potential 23 times greater than CO2. 
Land-use practices impact the rate of CH4 oxidation in soil, with a number of studies indicating that 
agricultural lands, undisturbed grasslands and pristine forests have different rates of CH4 oxidation. 
Methanotrophs, or methane-oxidizing bacteria (MOB) present in aerobic soils oxidize CH4 oxidation and 
hence serve as the only known biological sink of atmospheric CH4. We hypothesize that since CH4 
oxidation rates vary in soils under different land-use practices, this variation is indicative of 
methanotrophic bacterial diversity in those soils. 
The objective of our study is to determine diversity of methanotrophic bacteria in soils under varying 
land-use practices, using next generation sequencing technique. The land use patterns include agricultural 
soils with varying crop rotations (under long-term tillage and long-term no-tillage), grassland soils and 
forest soils. We targeted methanotroph-specific phylogenetic markers to characterize the nature and 
abundance of the bacteria. A total of three region-specific primer sets were designed to analyze diversity 
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amongst six treatments spread over two geographic locations in Ohio. The Illumina MiSeq platform was 
used to obtain sequences by assembling paired-end reads. After initial data trimming, QIIME was used to 
analyze the high-throughput sequencing data. 
Our study represents a rapid method to identify methanotrophic bacterial diversity in soils under various 
land-use systems. This will lead to a better understanding of how these systems affect the concentration of 
CH4 in the atmosphere. The results of this study will contribute to addressing a broader goal of identifying 
the role of land use in climate change mitigation strategies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session II: PALEOCLIMATE 
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Talks (in order presented): 
 
Bradley Markle marklebr@uw.edu UW 
Redefining deuterium excess in Antarctic ice cores: evidence for inter-hemispheric teleconnections 
during millennial climate events 
We examine a new, high-resolution ice core record of water isotopes (d18O and deuterium excess) and 
atmospheric methane from West Antarctica, focusing on the millennial events of the last glacial period. 
High temporal resolution and a small gas-age/ice-age difference enable unprecedented precision in the 
analysis of phasing between these records.  
Using a logarithmic definition of the deuterium excess, a proxy for moisture source conditions and 
atmospheric circulation, we show symmetric changes in moisture sources around Antarctica. The largest 
changes are in phase with local site temperatures and follow expectations for Southern Ocean SSTs. The 
historical (linear) definition of the deuterium excess parameter, on the other hand, appears to misrepresent 
millennial to multi-millennial variability at high East Antarctic ice core sites. 
Our analysis also reveals large amplitude millennial variability in the deuterium excess which is out of 
phase with local site temperatures. This variability, that diverges from local site temperatures, is in phase 
with atmospheric methane, which likely records changes in tropical hydrology and co-varies with 
Greenland temperatures during abrupt millennial Dansgaard-Oeschger (DO) events. 
Modeling experiments show that asymmetric warming of the hemispheres, a defining characteristic of 
these millennial events, should shift the position of the Inter Tropical Convergence Zone (ITCZ) and in 
turn the Southern sub-polar jet. Postulated ITCZ shifts can, in principle, help to explain the rapid rise in 
methane that accompanies abrupt Northern Hemisphere warming events by varying tropical rainfall 
patterns. Our observations are the first to show that these tropical changes may have directly influenced 
moisture sources and atmospheric circulation in the high southern latitudes, as recorded by the deuterium 
excess. We support these paleoclimate observations with isotope tracing atmospheric modeling 
experiments. 
 
Michelle Tigchelaar mtigch@hawaii.edu U Hawaii 
The role of the ocean in the long-term evolution of the Antarctic ice sheet 
Recent warming of the sub-shelf waters surrounding the West Antarctic Ice Sheet (WAIS) has accelerated 
basal melt rates and initiated widespread retreat of grounding lines. This has raised concerns about a 
future rapid collapse of the WAIS, and has increased interest in understanding interactions between the 
Antarctic ice sheet and its oceanic environment, both presently and in the past. Geologic evidence 
suggests that the WAIS extended as far as the continental shelf break during the Last Glacial Maximum, 
but might have collapsed during past interglacials. Variations in ocean temperatures could have played a 
crucial role in these dramatic changes. 
The goal of this study is thus twofold: First, we aim to understand how subsurface temperatures of the 
Southern Ocean respond to the long-term forcing of the Quaternary (greenhouse gases, Milankovitch 
cycles, Northern Hemisphere ice sheets). To do so, we analyze a unique series of sensitivity runs with a 
climate model (LOVECLIM) that span the last four glacial cycles. We find that CO2 changes dominate 
the sub-surface temperature response, but changes in seasonal insolation – through their strong impact on 
sea ice production – are also important. 
Next we want to see how the Antarctic ice sheet responds to these oceanic changes, and whether it does 
so gradually or abruptly. We therefore force an Antarctic ice sheet model with the LOVECLIM sub-
surface temperature changes. We perform a series of sensitivity runs where the relative effect of ocean 
temperature changes is compared to other long-term climatic forcings, such as sea level and surface 
climate. The response of the ice sheet to oceanic changes is found to be strongly dependent on the basal 
melt parameterization, and interacts nonlinearly with other drivers of ice sheet evolution. Increased basal 
melting might feedback on itself through the effect of freshwater forcing on ocean circulation. 
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Emily Seeley emily.seeley@uconn.edu U Conn 
The influence of changing sea level on mid-ocean ridge magmatism: Correlating hydrothermal 
activity with oxygen isotope records along the East Pacific Rise 
The retreat of glaciers may have caused enhanced volcanism, or magmatism, in high latitude areas during 
the last deglaciation (Maclennan et al., 2002; Licciardi et al., 2007; Huybers and Langmuir, 2009). 
Additionally, melting glaciers may have indirectly affected submarine volcanism via changes in sea level 
(Lund and Asimow, 2008; Huybers and Langmuir, 2009). If there is clear evidence for coherent changes 
in hydrothermal activity with marine oxygen isotope records along mid-ocean ridges, it would increase 
the possibility that sea level-driven changes in magmatism play an important role in glacial-interglacial 
CO2 cycles, driving climate change. A Fe/Mn ratio of ~3.5 indicates hydrothermal activity at the East 
Pacific Rise (EPR) (Dymond, 1981). Changing concentrations of these metals (in proximity to that ratio) 
along the ridge through time should reflect changes in the frequency and magnitude of plume events. By 
correlating the oxygen isotope record to changes in trace metal concentrations, a time stamp can be placed 
on hydrothermal activity, which is predicted to lag changing sea level by thousands of years (Lund and 
Asimow, 2011). Sediment cores were sampled at three locations along the EPR in order to build 
stratigraphically and chronologically accurate records using marine oxygen isotopes, trace metal 
concentrations, and radiocarbon data. Initial results from two locations have the expected Fe/Mn ratio of 
~3.5. However, select cores from the third location have higher Fe/Mn ratios, suggesting that there were 
additional processes at work. The results also show a link of the Fe and Mn trends with the glacial-
interglacial cycles. By correlating the oxygen isotopes and the hydrothermal activity, glacial-interglacial 
variations in sea level can be modeled and related to mid-ocean ridge magmatism. Additional spatial and 
temporal sediment sampling will be conducted at the original three locations and further south along the 
EPR to investigate the hypothesis further back in time. 
 
Jordon Hemingway jhemingway@whoi.edu WHOI 
The Role of Terrestrial Organic Matter Export in the Global Carbon Cycle - Insights from the 
Ganges-Brahmaputra River 
The Himalayan Range exports a globally significant amount of organic and inorganic carbon during the 
monsoon season via the Ganges, Brahmaputra, Irrawaddy, and Indus Rivers. The Ganges-Brahmaputra 
system, the largest of the Himalayan Rivers and largest point source of sediment to the global oceans, 
offers a unique opportunity to study feedbacks between tectonics, climate, and the biosphere. 
It has long been hypothesized that uplift of the Tibetan Plateau and Himalayan Range 23 million years 
ago led to a decrease in global temperature since the Neogene by increasing silicate rock weathering rates 
and thus increasing CO2 burial in marine sediments. However, this view typically ignores the effects of 
exporting organic carbon, both plant- and rock-derived, which can also potentially act as a net 
atmospheric CO2 sink. Here, I use time-series samples taken from the Ganges and Brahmaputra Rivers 
over two monsoon seasons to discern the effects of silicate rock weathering and organic carbon export as 
atmospheric CO2 sinks. Using a combination of biomarker and bulk isotopes, I relate exported organic 
matter quantity and composition to monsoon strength, and offer proxies to relate vascular plant biomarker 
isotopes to paleo monsoon strength and source throughout the sedimentary record. 
By including the effects of organic export and silicate weathering, I offer an updated interpretation of the 
Cenozoic sedimentary d13C record and carbon cycle. I hope to show that export and preservation of 
terrestrial biospheric organic matter is a significant CO2 sink over geologic timescales and provides a 
robust paleo monsoon proxy. 
 
 
Samantha Bova samantha_bova@brown.edu Brown 
Pecha Kucha: Oceanic Carbon during the 'Mystery Interval' 
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Posters (alphabetical by last name): 
 
Alyssa Atwood aatwood@uw.edu UW 
The 8.2 kya event in the tropical Pacific 
Around 8.2 kyr BP, glacial lakes dammed by remnants of the Laurentide ice sheet catastrophically 
drained into the Labrador Sea, producing rapid and dramatic climate changes across the globe. Proxy 
records indicate that sea surface temperatures plummeted in the North Atlantic in association with a 
weakened Atlantic Meridional Overturning Circulation (AMOC), while evidence for large concomitant 
tropical hydroclimatic changes include a southward shift Intertropical Convergence Zone. While 
paleoclimate records from this period suggest that that El Niño/Southern Oscillation (ENSO) variability 
may have been reduced during this time, climate modeling studies have suggested that ENSO variability 
increases subsequent to freshwater hosing in the North Atlantic. However, substantial mean state biases in 
the tropical Pacific plague most General Circulation Models and the sensitivity of ENSO changes to these 
mean state biases has not been addressed. We hypothesize that, based on linear theory of ENSO 
dynamics, a southward shift of the ITCZ onto the equator in the tropical Pacific yields reduced ENSO 
variability. Indeed, we demonstrate that such a southward shifted ITCZ results in mean state changes in 
the tropical Pacific that act to reduce ENSO variability in a linearized model of intermediate complexity. 
We further explore this hypothesis through a variety of freshwater hosing simulations we have performed 
using NCAR’s GCM (the Community Earth System Model) that branch from a control run in which the 
mean state of the tropical Pacific is similar to observations by prescribing a heat flux to the tropical 
surface ocean. Understanding the sensitivity of ENSO to such mean state changes and to mean state 
biases in GCMs is critical for understanding how and why ENSO has changed in the past and how it will 
change in the future. 
 
Angela Dial dial@magnet.fsu.edu FSU 
Magnesium Isotopes as a Geochemical Proxy for the Composition of Cenozoic Seawater 
The mechanisms of variations in the CO2 cycle and climate throughout Earth’s history are not well 
understood, although it is known that on geological timescales (millions of years) these cycles are 
balanced between CO2 drawdown via chemical weathering and volcanic CO2 emissions. Tracing the 
interplay between these two geochemical processes through time is possible by measuring stable isotope 
ratios of elements that participate in these reactions. Magnesium is one such example, being the second 
most abundant cation in the CO2 cycle due to its prominence in chemical weathering reactions, which is 
dominated by silicate and carbonate minerals (Ex: Mg2SiO4 and MgCO3, respectively). Weathering 
reactions induce isotopic fractionation in the three stable isotopes of Mg, resulting in a product consisting 
of dissolved Mg ions with a unique isotopic signature. This product of weathering reactions is released to 
the ocean via river runoff, thus influencing the elemental and isotopic composition of seawater. The 
present study exhibits our new method to generate the Mg isotopic composition of seawater by analyzing 
fossils of microorganisms (foraminifera) through the Cenozoic (the last 65 million years). 
 
Helen   Habicht  mhabicht@cns.umass.edu UMass-Amherst 
Increased Arctic climate variability post Mid- Brunhes Event? A paleoclimate record from Lake 
El’gygytgyn, Russia based on organic biomarkers 
During the last 3 million years, Earth’s climate has progressively cooled. This change is characterized by 
the transition from a warm and relatively stable Pliocene climate to a cold and highly variable Pleistocene 
climate. The increasingly long, harsh ice ages of the Pleistocene have alternated with warm, mild 
interglacial periods. Some paleoclimate reconstructions, particularly from the Southern Hemisphere, show 
that the amplitude of glacial-interglacial cycling increased dramatically after the Mid-Brunhes Event 
(MBE) ~ 430,000 years ago. This study will produce an Arctic paleoclimate temperature record spanning 
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340 ka - 730 ka and will confirm the presence or absence of increased glacial-interglacial cycle amplitude 
in the Arctic after the MBE. Paleoclimate reconstructions will be produced by analysis of branched 
glycerol dialkyl glycerol tetraethers (brGDGTs) and Deuterium/Hydrogen (D/H) ratios of plant leaf wax 
n-alkanes in a sediment core from Lake El’gygytgyn, Russia. Past interglacials provide an analog for 
comparison with the current interglacial, the Holocene. Understanding the mechanisms of previous 
climate variability will help predict future changes and give insight to the extent of anthropogenic climate 
forcing. Analysis of Arctic climate is especially important because of future warming projections, the 
effects of polar amplification, and climate feedbacks at the poles. 
 
Danielle Haskett dhaskett@uga.edu  U Georgia 
A quantitative midge-based reconstruction of mean July air temperature from a high-elevation site 
in central Colorado, USA, for MIS 6 and 5 
Pleistocene megafauna remains, plant material and insects were found in a high elevation lake near 
Snowmass Village, CO in 2010. Known as the Ziegler Reservoir Fossil Site (ZR), the sediment collected 
from this site has provided the unique opportunity to develop a record of environmental and thermal 
change that spans approximately 140-77 ka for an alpine ecosystem in the central Colorado Rockies. 
Analysis of sub-fossil chironomids, which are sensitive to temperature, were used to elucidate the nature 
of the regional thermal regime that existed during the Pleistocene. This period of time is particularly 
exciting in that it captures the transition from glacial to interglacial conditions, the entirety of the 
Sangamon or marine isotope stage (MIS) 5 which is considered to be analogous, or warmer, than modern 
conditions and temperatures. Air temperatures derived from an inference model suggest that mean July air 
temperature increased from ~9.0 to 10.5°C during the transition from the glacial marine isotope stage 
(MIS) 6 to the interglacial MIS 5e. The results also indicate that temperatures gradually increased 
throughout MIS 5 and reached a maximum of 13.3°C at approximately 80 ka. This study represents the 
first set of quantitative, chironomid-inferred mean July air temperature estimates in the continental United 
States that spans the entirety of MIS 5. Overall, our results suggest that conditions in the Colorado 
Rockies throughout MIS 5 were cooler than current conditions, as reconstructed temperatures are ~2°C 
below modern mean July air temperatures. 
 
Benjamin Keisling benjaminkeisling@gmail.com UMass-Amherst 
Towards a Comprehensive Understanding of Warmer Climates in the Arctic: Reconstructing 
Surface Temperatures at Lake El’gygytgyn, Arctic Northeast Russia 
Recent environmental changes in the Arctic, most prominently the marked decline in sea-ice extent, 
illustrate the region’s vulnerability to climatic changes. Studies of past climate can provide a means for 
assessing the extent to which modern trends are unprecedented or irreversible. Here we present new 
organic geochemical insights into climatic change from a sediment core from Lake El’gygytgyn, Far East 
Arctic Russia. We focus on an interval (2.8-2.4 million years ago) in the Pliocene, the most recent period 
in Earth's history when atmospheric CO2 levels were similar to present (~400 ppm). Multiple lines of 
evidence demonstrate that the Arctic was exceptionally warm during the Pliocene, but there remain major 
questions about sea-ice, atmosphere, and ocean dynamics during this epoch. 
By measuring the abundance of bacterial and archeal membrane lipids in Lake El’gygytgyn sediments, 
whose environmental distribution depends on temperature, we take a multi-proxy approach to 
reconstructing past Arctic warmth. We also measure the isotopic composition of leaf waxes, which record 
the isotopic composition of precipitation and thus track water cycle changes. Together, these records 
allow us to assess whether the evolution of Arctic temperature was coupled with changing sea-ice extent 
during the Pliocene, and if regional oceanographic changes lead the Arctic into a climate regime ideal for 
the development of the first large northern hemisphere ice sheets 2.7 million years ago. 
 
Tessa McGee mcgeet2@uw.edu UW 
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The influence of salinity on D/H fractionation in algal lipids from marine lakes in Palau 
Major shifts in rainfall patterns have accompanied past climate changes. Rainfall patterns intimately 
control the lives of hundreds of millions of people in the tropics and have a profound impact on not only 
global climate, but also the livelihood of the world’s citizens. It is essential to understand the natural 
hydrologic changes of the past to gain insight into the future climate response to increasing anthropogenic 
greenhouse gas emissions. My research will develop a robust means of quantitatively determining rainfall 
changes in the past. The goal of this study is to evaluate how the ratio of deuterium (2H or D) to protium 
(1H or H) in lipids produced by phytoplankton changes as a function of salinity in twelve brackish lakes 
in Palau. The salinity of the sampled lakes ranges from 5 to 30 ppt (i.e. 15-88% of seawater salinity). The 
marine lakes of Palau provide a unique environment in which to conduct a field calibration and validation 
of the lab studies assessing the effect of salinity on lipid hydrogen isotope fractionation. Previous field 
and lab studies have shown that D/H ratios of algal lipids closely co-vary with those of their 
environmental water and changes in salinity are mirrored by changes in the D/H ratio algal lipids. These 
observations have been applied to quantitatively reconstruct salinity from the hydrogen isotope ratios of 
algal lipids preserved in marine and aquatic sediments. I propose to conduct a definitive test and 
calibration of the hydrogen isotope response of natural assemblages of phytoplankton to changes in 
salinity using suspended particle samples I collected in the Rock Islands of Palau during September and 
October 2013. As rainfall controls the salinity in these brackish lakes, this proxy can be used to 
reconstruct hydrological and climatological changes of the past.    
 
Daniel Miller drmiller4460@gmail.com UMass-Amherst 
Understanding Extremes: A Multi-Proxy, High Resolution Record of Hurricane, Fire, Flood and 
Drought History from Basin Pond, Maine 
Future impacts from climate change can be better understood by placing modern climate trends into 
perspective through extension of the short instrumental records of climate variability. This is especially 
true for extreme climatic events (such as hurricanes, floods, fires and droughts), as the period of 
instrumental records provides only a few examples and these have likely have been influenced by 
anthropogenic warming. Multi-parameter records showing the past range of climate variability can be 
obtained from sediment samples from lakes. Sediment from the surrounding environment accumulates in 
lakes, making them sensitive recorders of climate variability and providing high-resolution histories of 
local environmental conditions in the past.  
Here, I present a high-resolution sediment record from Basin Pond, Fayette, Maine, using a multi-proxy 
analysis in order to provide a long record of extreme climatic events. This multi-proxy approach, 
including sediment grain size, chironomid, and pollen analyses and inorganic (X-Ray fluorescence, 
oxygen and carbon isotopes of carbonate) and organic (biomarkers, compound-specific isotopes) 
geochemistry, will aid in the creation of a high-resolution record of climate variability. These sedimentary 
analyses will be compared with the record of known extreme events (from instrumental measurements 
and historical documents) so that the signal of such extremes can be identified. This will then allow for a 
high-resolution reconstruction of climatic data in the period prior to the availability of such records, and 
will aid in putting modern weather events into perspective on a historical time scale beyond the period of 
instrumental records, enabling us to separate natural versus anthropogenic impacts across this region. As a 
result, this will help create a more accurate assessment of the likely consequences of future anthropogenic 
forcing on climate variability in this region and will assist me in answering the question of how extreme 
current events are compared to past extreme events. 
 
 
 
Connor Nolan connorjnolan@gmail.com U Arizona 
Integrating data from multiple sources to understand patterns and processes of drought in the 
Northeast United States: Conceptual framework and case study 
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Climate phenomena happen on a wide range of interacting timescales. It is difficult or impossible to fully 
characterize climate patterns and processes with any single climate dataset because of weaknesses in 
individual sources of data. For example, instrumental observations and reanalysis products provide 
detailed and accurate depiction of weather and climate, but their temporal span is often too short to 
capture the full range of climatic variability, especially the extremes. On the other end of the spectrum, 
paleoclimate proxy records of past climate are available from archives such as tree rings, lakes, bogs, and 
more provide a longer temporal span that may better characterize the range of climate variability, but 
have issues of their own, for example: more difficult interpretation due to integration of multiple 
processes (not a pure climate record) and temporal uncertainty (especially further back in time). So, then, 
we need a way to share strength between the various data types in order to make robust inferences about 
past environments. Here I will introduce a Bayesian hierarchical modeling framework that attempts to 
conquer this problem and I will present the case study applying this approach to develop a multi-scale 
understanding of patterns and processes of drought in the Northeast US from modern through the 
Holocene using data from weather stations, reanalysis products, a network of tree ring drought 
reconstructions, and a network of lake level records. Analyses like these which integrate multiple sources 
of climate data add value to all the data involved by providing a broader context and open up a suite of 
new research questions that may not have been possible to answer before. 
 
Marta Wolfshorndl martaw@uw.edu UW 
Coastal Ecosystems and a Changing Climate: Developing Paleoproxies and Teaching in Kosrae, 
FSM 
The hydrogen isotope ratios (D/H ratio) of plant and algal lipids preserved in sediments can act as both 
paleoprecipitation and paleosalinity proxies. In particular, the D/H ratio of mangrove lipids has been 
shown in situ to correlate with the salinity of the water that the mangroves grow in. More work is needed, 
however, to develop this proxy and constrain the environmental effects that act upon it in order to more 
quantitatively reconstruct past climates. This proxy is particularly useful for application in the tropical 
Pacific, because of a dearth of tropical proxies as well as the importance of the tropics to the global 
hydrologic cycle. We taught 15 undergraduate students from the University of Washington on the island 
of Kosrae, Federated States of Micronesia about the coastal ecosystems on Kosrae, how they are affected 
by climate change, how these changes would effect the local populations, and how the local populations 
are effecting their environment. The students conducted diversity surveys of mangroves, coral, and 
seagrass, comparing sites that have been impacted by human activity to those that remain relatively 
pristine. With the students’ help, we collected a variety of mangrove plant samples. Leaves from seedling, 
juvenile, and mature mangroves were collected at different salinities to determine if the age of the 
mangrove has an effect upon the lipid distribution produced in the leaves as well as the lipid D/H ratio, 
and whether the age of the plant changes the response to salinity. A 24-hour experiment was conducted in 
which the leaves of seedling, juvenile, and mature mangroves were watered with isotopically heavy water 
every hour, to determine to what extent mangrove leaves use rainwater as an alternative source to the 
water that they grow in. These experiments will help to further constrain the mangrove lipid D/H proxy, 
leading to more quantitative reconstructions. 

 
 
 
Session III: ECOCLIMATE 

 
Talks (in order presented): 
 



	   14	  

Marysa Lague mlague@uw.edu UW 
Climate responses to progressive afforestation 
Large-scale changes in the composition of mid-latitude ecosystems have the ability to alter global 
circulation patterns. 
Plants can influence the climate in a variety of ways, including through surface fluxes of carbon, water, 
and energy. For example, coniferous forests have a much lower albedo – and absorb more solar radiation 
– than grasslands. 
Modeling experiments have shown that large-scale afforestation in the northern mid-latitudes results in a 
net increase of energy in the northern hemisphere [1]. The resultant energy imbalance between the 
hemispheres causes the ITCZ to shift north, modifying tropical rainfall patterns and, in turn, plant 
productivity in areas such as the Amazon. These changes in tropical plant productivity will then go on to 
further influence regional and global circulation. 
Through the use of a global climate model, the influence of incremental large-scale afforestation in the 
mid-latitudes is explored. Of particular interest is the shape of the climate response to progressively larger 
afforestation experiments. Does the response scale linearly with afforestation area? Is there a threshold 
before shifts in tropical precipitation become evident? How does circulation respond to the energy 
imbalance? 
This work explores these questions. In the future, results from the progressive afforestation experiments 
will be imposed on a dynamic ecosystem model, to study how circulation changes induced by a mid 
latitude ecosystem might affect a tropical ecosystem. 
 
[1] A. L. S. Swann, I. Y. Fung, and J. C. H. Chiang. Mid- latitude afforestation shifts general circulation 
and tropical precipitation. Proceedings of the National Academy of Sciences, 109(3):712–716, 2012. 
 
 
Kathy Kelsey kelseykc@colorado.edu UC Boulder 
Investigating climatic and physiographic drivers of high elevation forest growth to project future 
forest vulnerability 
Forests of the western United States are in a rapid period of change, driven by complex interactions of 
forest management, disturbance regimes and changing climate. Many of the transformations taking place 
in Western forests are due to climate driven changes in life history processes of trees such as growth, 
establishment, and mortality. These forest changes are of particular concern in the American southwest 
where climate conditions are projected to become increasingly hot and dry throughout the next century. 
While lower elevation trees of the American southwest are already experiencing decreased radial growth 
in response to moisture stress, the response of high elevation trees to future climate is highly uncertain. 
Here we use dendroclimatological techniques to explore the climate-mediated changes in radial tree 
growth over time in the high elevation forests of SW Colorado. We have developed a network 22 
Engelmann Spruce chronologies and 20 Sub-alpine fir chronologies from sampling locations across 
varying elevations, aspects and soil types in Southwest Colorado. The results of our analyses indicate that 
both climate and local physiographic variables are important components in determining future growth. 
Landscape-scale changes in high elevation tree growth in response to climatic conditions may eventually 
result in large-scale changes in forest productivity, species distribution, or forest vulnerability to 
disturbance. 
 
Satrio Wicaksono Satrio_Wicaksono@Brown.edu Brown 
Hydrological and Vegetation Shifts in Central Indonesia in the Past 25 ka: Perspectives from 
Hydrogen and Carbon Isotopes of Terrestrial Leaf Wax Compounds 
Indonesia sits within the region where the warmest reservoir of surface waters is found; hence it serves as 
a major source of the Earth’s global water vapor and heat transport. Despite the importance of the 
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archipelago in the global climate system, not much is known about Indonesia’s climate history, 
particularly its rainfall history. The few published proxy records and numerical simulations of convection 
and precipitation patterns from Indonesia since the Last Glacial Maximum (LGM) also display some 
substantial disagreement. Present-day rainfall variability in Sulawesi, central Indonesia is strongly 
influenced by variations in topography and wind pattern, which include land-sea breezes, orographically-
forced winds, and monsoonal winds related to the seasonal migration of the Intertropical Convergence 
Zone. To better understand the interplay between such variations and high latitude climate dynamics 
during the past 25 ka, we developed high-resolution records of the deuterium and carbon isotopic 
compositions of terrestrial leaf waxes (long-chain n-alkanoic acids; δDwax and δ13Cwax respectively) 
from marine and lacustrine cores retrieved offshore and in Sulawesi. At low latitudes, δDwax has been 
used to reconstruct the δD of catchment-integrated precipitation (δDprecip), often interpreted as an 
indicator of regional rainfall amounts (i.e. the amount effect). Meanwhile, δ13Cwax has been interpreted 
to reflect changes in local terrestrial vegetation assemblages and, by inference, the climate in which they 
grew.  
Our δ13Cwax records suggest that during the LGM, rainforests in Sulawesi contracted and grasslands 
became more abundant, indicating a substantial drying in central Indonesia, which could further be linked 
to the extent of the Northern Hemisphere ice sheet. Further, our data indicate that the highlands of 
Sulawesi remained relatively wet and might have become a refuge for rainforests during the LGM, 
suggesting that altitudinal gradients within the archipelago strongly influence local manifestations of 
hydrological changes at glacial-interglacial timescales. The depleted δ13Cwax in our records during the 
LGM suggest that the amount effect might not always be the most important factor controlling δDprecip. 
Instead, the presence of strong glacial boundary conditions might have resulted in “upstream” process 
affecting δDprecip over central Indonesia. 
  
Danielle Marias danielle.marias@oregonstate.edu Oregon State 
Thermotolerance of Coffea arabica: Potential implications in a warming world 
Climate models predict increasingly frequent and more intense high temperature events that may impact 
plant species’ distributions. Although high temperature stress is known to negatively affect photosynthetic 
performance, the legacy effects of heat waves are largely unknown. Shade-tolerant coffee (Coffea 
arabica) is the second most traded commodity in the world (after oil), but it is unclear how heat waves 
might impact its photosynthetic performance and productivity. We used chlorophyll fluorescence to 
evaluate thermotolerance in coffee. The ratio of maximum variable chlorophyll fluorescence (Fv) to 
maximum total chlorophyll fluorescence (Fm) is a sensitive indicator of photosynthetic performance. We 
constructed thermotolerance curves by measuring chlorophyll fluorescence after exposing dark-adapted 
leaf discs to a range of temperatures (between 25 and 55˚C). Fv/Fm was measured in >1-yr-old 'older' 
leaves and <1-yr-old 'younger' leaves 15 minutes and 24 hours after temperature exposure to evaluate 
photosynthetic performance. Second order polynomial regressions were used to estimate the temperature 
at which a 50% reduction in the Fv/Fm ratio occurred (T50). For both leaf age classes and recovery times, 
Fv/Fm declined from 0.75 to 0, indicating that increasing temperatures decreased photosynthetic 
performance. T50 was 47.5˚C for the older leaves and 46.9˚C for younger leaves 15 minutes after heat 
exposure. T50 for older leaves was 47.8˚C and 48.1˚C for younger leaves 24 hours after heat exposure. 
These results are remarkable because the threshold at which damage was detectable (i.e. photosynthetic 
performance was significantly diminished) was only ~40˚C. This summer, future work will expand upon 
these results and assess Fv/Fm and leaf gas exchange properties in situ on coffee plants exposed to 
simulated heat waves in a growth chamber to assess the legacy effects that heat waves of varying intensity 
and duration may have on coffee leaves at different life stages. 
 
Posters (alphabetical by last name): 
 
Sarah Ellison sbzellison@gmail.com UA Anchorage 
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Controls on Arctic tree performance along a west-east climate gradient in the Brooks Range, 
Alaska 
The position of the Arctic treeline is of critical importance for global carbon cycling and surface energy 
budgets. However, controls on treeline tree growth, and therefore our understanding of future treeline 
movement, remain actively debated. In the Alaskan Brooks Range, 20th century warming has caused 
varying growth responses among treeline trees, with trees in the west responding positively, while trees in 
the east have responded negatively. The prevailing explanation of this trend ascribes the negative growth 
response to warming-induced drought stress in the eastern Brooks Range, where precipitation is lower 
than in the west. However, recent measurements of sap flow and carbon isotope discrimination in tree 
rings suggest that drought stress cannot explain declining growth in the eastern Brooks Range. 
Additionally, evidence from the western Brooks Range suggests that nutrient, rather than water 
availability, is the proximal control on tree growth. I hypothesize that low and declining growth of eastern 
Brooks Range trees is due to low and declining soil nutrient availability, which may continue to decrease 
with climate warming as soils become drier and microbial activity lessens. To test my hypothesis, I am 
comparing microclimate, tree performance, and soil nutrient availability at four sites along a west-east 
transect in the Brooks Range during the growing seasons of 2013 and 2014. I expect to find that soil 
water contents in the west are near optimum for nitrogen mineralization, while those in the east are below 
optimum. I anticipate that needle nitrogen concentration, net photosynthesis, branch extension growth, 
and growth in the main stem will decline with the hypothesized decrease in soil nutrient availability. The 
results of my study will elucidate the current controls on growth of trees at the Arctic treeline, enabling 
improved predictions of future treeline position and more accurate reconstructions of past climate. 
 
Cassandra Gamm gammcassie@gmail.com UA Anchorage 
The use of Stable Isotope Analysis and Dendrochronology to Assess Seasonal Changes in Water-use 
Efficiency of Woody Shrubs in West Greenland in Response to Climate Warming 
The composition and function of Arctic ecosystems is changing in response to climate change. One of the 
most conspicuous changes in the Arctic has been an increase in the abundance of deciduous shrubs. There 
exists evidence that deciduous shrubs are encroaching into areas previously occupied by grasses, due to 
an increase in temperature and longer growing seasons. The effects that shrub encroachment will have on 
Arctic ecosystems and global climate remain uncertain. Studies show, under future climatic conditions, 
the Arctic may become a net sink or a net source of C, depending on the alterations in the magnitudes of 
photosynthesis and respiration. At my study site in west Greenland, experimental warming and herbivore 
exclusion have led to dramatic increases in deciduous shrub abundance. However, it remains unknown if 
shrubs are responding positively over time to ambient climate warming in the region. My study aims to 
examine the physiological and growth responses of three dominant Arctic tundra species: Salix glauca, 
Betula nana, and Poa spp., to climate warming through the use of stable isotope analysis and shrub 
dendrochronology. These methods allow for an integrative analysis of changes in C dynamics over 
varying temporal scales. Stable isotope analysis will be utilized in conjunction with shrub 
dendrochronology to assess changes in growth and water use efficiency over the late 20th century in two 
dominant Arctic shrub species, Salix glauca and Betula nana. The allocation and cycling of C in areas 
dominated by all three species will be measured for multiple years over the summer growing season by 
examining δ13C of respired CO2. The δ13C values will be compared among species and tissue types to 
assess changes in water use efficiency throughout the growing season. This suite of measurements will 
improve our understanding of the mechanisms underlying increasing deciduous shrub abundance, which 
has important consequences for the functioning of Arctic ecosystems. 
 
Christine O'Connell coconn@umn.edu Minnesota 
Saving forests for climate: incorporating both biophysical and biogeochemical forcing into 
estimates of the climatic impacts of agricultural expansion 
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Land use change, e.g. deforestation for agricultural expansion or other human uses, releases greenhouse 
gases stored in vegetative biomass and soil organic matter. But in addition, shifts in energy balance after 
land-use change can also alter climate: changes to the flows of heat and water from the land to the 
atmosphere can potentially affect local and downwind ecosystems. As agriculture expands, both of these 
effects – biogeochemical emissions of greenhouse gases and biophysical changes in energy balance – 
drive climatic change. It is imperative that studies of land-use change incorporate both biophysical and 
biogeochemical forcing into estimates of the climatic impacts of deforestation for agriculture. 
We simulate the effects on local atmospheric temperature and moisture of removing natural vegetation 
and replacing it with cropland using the land-surface model Agro-IBIS for independent grid cells across 
the globe. We then simulate the effects of changes to energy balance on global atmospheric temperature 
and moisture if the planet’s croplands were to expand by 20%. In both cases we compare biophysical 
climate regulation to biogeochemical climate regulation (here, GHG emissions from biomass changes 
after agricultural expansion). 
We find that locally, the effects of biophysical climate regulation outstrip the effects of biogeochemical 
climate regulation on temperature and moisture regimes – energy balance can alter local annual average 
temperatures by as much as 1.5°C and local annual evapotranspiration by as much as 400 mm of H2O per 
year. This effect is particularly pronounced in productive ecosystems such as tropical forests and boreal 
forests where changes to albedo can be substantial. In contrast, biogeochemical forcing has measurable 
effects after a 20% increase in cropland, but these effects are uncertain, geographically variable and 
perhaps quite small in many locations. Estimating the climatic impacts of agricultural expansion into 
forests and other biomes requires incorporating both biogeochemical and biophysical climate forcings. 
 
Gregory Quetin gquetin@gmail.com UW 
Global Mapping of Ecology-Climate Coupling and Sensitivity to Change 
Sensitive coupling between the ecology of the terrestrial biosphere and the global climate was proposed 
as early as 1975 by Charney; and the potential effects are still a critical area of uncertainty in future 
predictions of global climate response to anthropogenic climate forcing and land-use change [1][2][3]. 
The ultimate goal of this research is to understand the full coupling between ecology and climate, both the 
climate effect on vegetation and the vegetation effect on climate. The vegetation effect on climate is 
challenging to constrain with data, so initially the climate effect on vegetation will be focused on as a 
necessary but not sufficient part of quantifying ecoclimate sensitivity. Previous work assumed controls on 
vegetation productivity and used global-scale climate data to show the spatial variability of the dominant 
climate limitations on vegetation [4]. This work will assess the productivity of vegetation directly using 
25 years of global satellite estimates of greenness (Normalized Difference Vegetation Index (NDVI)) as a 
proxy for the state of the terrestrial vegetation [5]. In this work a map of the sensitivity of terrestrial 
vegetation to water, surface radiation and temperature is created across the geographical globe and 
climate space. The sensitivity is calculated using multivariate regression on the annual and monthly 
anomalies of precipitation, surface radiation and vegetation greenness from established global reanalysis 
products and satellite measurements. These sensitivities are presented as a function of the annual mean 
climate both for all points on the globe as well as for a set of statistically clustered ecoclimatic zones. 
These generalized sensitivity responses serve as the first step in diagnosing areas of coupling between the 
ecology and the climate while hinting at processes that govern ecoclimate sensitivity. Combining these 
insights produces ecoclimate-coupling expectations for the future as the mean state of the climate changes 
due to global warming. 
 
1. Bonan, G. B. 2008. Science 320 (5882) (June 13): 1444–1449. 
2. Charney, J. et al. 1975. Science 187 (4175): 434–435. 
3. http://www.ipcc.ch/report/ar5/wg1/ 
4. Nemani, R. R. et al. 2003. Science 300 (5625): 1560–1563. 
5. Tucker, CJ, et al. 2004. University of Maryland. 
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Marla Schwartz marla@atmos.ucla.edu UCLA 
Impacts of temperature increase and precipitation change on surface hydrology in the Los Angeles 
Region 
The Los Angeles region, with its large population, complex agricultural systems and diverse ecosystems, 
deeply depends on numerous sources of fresh water supply, both imported and natural. Therefore, it is 
critical to assess climate change in the region and determine its impacts to water resources at spatial and 
time scales relevant for water management and policymaking. Using dynamical downscaling, we produce 
2-km resolution future projections of surface hydrological fluxes and states over the Los Angeles region 
for the mid-21st century (2041-2060) associated with five global climate models (GCMs) in the Fifth 
Coupled Model Intercomparison Project (CMIP5). Projections for the mid-21st century are compared to a 
validated simulation of a baseline period (1981-2000) to assess changes to surface hydrology in our study 
region. Ensemble-mean changes to surface runoff and evapotranspiration are presented, and changes are 
near zero. We also perform idealized simulations in which the baseline simulation is perturbed by a 
spatially-homogenous near-surface air temperature increase in an effort to examine the influence of 
changing temperatures on surface hydrology in the absence of a precipitation change. Results from 
dynamical downscaling of GCMs and the idealized simulations indicate that this absence of change in 
surface hydrology stems from a combination of (1) a lack of change in annual precipitation, (2) low soil 
moisture in summer months (despite increased potential evapotranspiration), and (3) insignificant changes 
from the snowmelt contribution to surface runoff. In total, surface runoff and evapotranspiration in the 
Los Angeles region appear to be insensitive to warming temperatures. 
 
Ian Shiach shiach@email.arizona.edu U Arizona 
Phenology, photosynthetic capacity, and seasonal biomass production in 5 hybrid poplar clones 
Recent and projected warming trends may significantly influence the timing of bud break, leaf 
senescence, and the duration of the growing season for deciduous trees. Furthermore, leaf photosynthetic 
capacity is not constant throughout the growing season, and changes in leaf area duration and leaf 
physiology driven by warming may alter annual carbon accumulation in trees. We investigated the 
seasonal patterns of leaf development, photosynthetic capacity, and the resultant biomass of hybrid poplar 
trees in an irrigated common garden experiment at the Biosphere 2 research facility in Oracle, AZ. We 
used hybrid poplar lines typically grown at a range of latitudes to investigate the linkage between 
phenology and carbon gain in closely related genotypes. To quantify bud break in 2013 and 2014 and leaf 
senescence in 2013, we used USA National Phenology Network protocols to make observations of leaf 
phenophases. We used infrared gas analysis to monitor photosynthetic capacity (Vcmax and Jmax) over 
the 2013 and 2014 growing seasons. To quantify total aboveground biomass, we coppiced the trees at the 
end of the 2013 growing season, and created allometric relationships based on basal branch diameter to 
estimate mid-season aboveground biomass during 2014. We found that bud break occurred earliest in 
lines suited to higher latitudes in 2013 and 2014, and senescence began latest in lines from higher 
latitudes in 2013. However, mid- to late-season Vcmax was lower for lines from higher latitudes in 2013 
and 2014. Aboveground biomass was positively correlated with Vcmax, but not bud break in 2014. 
Phenology is a key control of potential carbon gain in plants, but mid- to late-season Vcmax may explain 
more of the observed variability in seasonal biomass production. If projected warming causes increased 
heat stress and thus reduced mid- to late-season Vcmax, lengthening growing seasons may not lead to 
increased carbon uptake in plants. 
Aaron Sidder Aaron.Sidder@colostate.edu Colorado State 
Evaluating the climatic and geographic shifts of the mountain pine beetle under past, present, and 
future climate conditions in the Rocky Mountains 
Over the last decade, western North America has experienced the largest mountain pine beetle 
(Dendroctonus ponderosae) outbreak in recorded history, and Rocky Mountain forests have been hit 
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particularly hard. The mountain pine beetle is a major biological disturbance agent in montane and 
subalpine forests that can cause widespread tree mortality and substantially alter forest structure, 
composition, and function. Although bark beetles are indigenous to North American forests, warming 
temperatures and prolonged drought related to climate change, fire suppression, and reduced habitat 
heterogeneity have facilitated population increases and have allowed the beetle to expand its range into 
previously unfavorable conditions. Climate directly influences beetle physiology, life cycle, and dispersal 
capability and understanding the climatic drivers of mountain pine beetle outbreaks is essential for 
estimating current and future range expansions and climatic conditions that can support large populations.  
The goal of my research is to determine the past, present, and future climatic drivers of D. ponderosae in 
the Rocky Mountain region of the U.S. and how this climate space—the range of climatic variables that 
support a healthy beetle population—translates to the geographic range of the beetle. This analysis will 
use statistical modeling techniques (species distribution models), publicly available aerial detection 
survey data, and historic and projected climate data. This research will advance the understanding of the 
role of climate in shaping the distribution of the mountain pine beetle, and will also explore interesting 
new approaches to species distribution modeling. Furthermore, this research will contribute to the 
understanding of forest ecology and the drivers of disturbance in mountain environments while helping 
land managers assess future forest vulnerability to biological disturbance under changing climate 
conditions. 
 
Daniel Swain dlswain@stanford.edu Stanford 
The Extraordinary California Drought of 2013-2014: Character, Context, and the Role of Climate 
Change 
Nearly the entire state of California experienced extremely dry conditions during 2013 and early 2014. 
State-wide 12-month accumulated precipitation was less than 34% of average over this period, leading to 
a wide range of adverse impacts upon both human and natural systems. The California drought occurred 
in tandem with a highly persistent region of positive geopotential height (GPH) anomalies over the 
northeastern Pacific Ocean (associated with the so-called “Ridiculously Resilient Ridge”), which 
displaced the jet stream well to the north of its climatological mean position and prevented winter storms 
from reaching California during the canonical wet season. Remarkably, the extreme dipolar flow pattern 
induced by the stubborn blocking anticyclone over the northeastern Pacific recurred during two 
consecutive winter seasons, which helped to accelerate the onset of exceptionally severe drought 
conditions in California. 
We find that the extreme GPH values during 2013 are observationally unprecedented over a vast region 
covering most of the North Pacific Ocean and adjacent land areas. We also report that California 
experienced both its driest calendar year and driest consecutive 12-month period in at least 119 years. 
Finally, we assess the role of climate change in affecting the likelihood of occurrence of the large-scale 
conditions linked to the California drought using data from an ensemble of climate models run as part of 
the CMIP5 experiment. While a 2013-magnitude event appears to be rare in both preindustrial and 
present-day climates, we find that the GPH values associated with the 2013 event are at least three times 
more likely to occur in the present climate. Ongoing work seeks to investigate the remarkable spatial 
structure of atmospheric anomalies associated with the 2013-2014 drought and to assess trends in 
persistent atmospheric configurations leading to precipitation extremes in this region. 
 
 
Alana Wilson alanamwilson@gmail.com UC Boulder 
Knowledge of climate impacts at the regional scale: International collaborations to quantify 
cryospheric melt and the unique opportunities of USAID-funded research science 
The Contribution to High Asia Runoff from Ice and Snow (CHARIS) project is led primarily by a team at 
University of Colorado Boulder (CU Boulder) and is mandated by its funder, the US Agency for 
International Development (USAID), to combine scientific research activities and capacity building. The 
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scientific objectives are to enhance understanding of the role of ice and snow in High Asian hydrology, 
and the capacity-building component engages academic or government research partners in eight 
countries of High Asia whose water resources are intricately linked to the presence of ice and snow. The 
motivation is to better understand the vulnerability of downstream water resources in the face of warming 
temperatures. This funding structure creates unique opportunities to prioritize international collaboration 
with: 1. Non-academic scientists, as demonstrated by CHARIS’ collaboration with government 
hydrometeorological and water management agencies in three countries, and 2. Research scientists with 
limited training or experience in a field of interest, as demonstrated by CHARIS’ facilitation of graduate 
education for Kabul University (Afghanistan) faculty and support for the initiation of glaciological and 
hydrological field studies by faculty at Sherubtse College, Bhutan.  
CHARIS accomplishments to-date include knowledge exchange about regional hydrology (both partner – 
CU Boulder and partner – partner), funding of Afghan students for M. S. by Research in Glaciology at 
Kathmandu University, and training of partners in water sampling techniques for hydrochemistry based 
mixing model work. With respect to field research, water sampling and hydrochemistry interpretation has 
offered the best opportunity to engage students and young researchers in the project. The CHARIS project 
provides a unique forum for conversations about water as a trans-boundary resource in Asia and the 
implications of anticipated changes in the cryosphere. An overview of accomplishments and on-going 
objectives will be presented. 
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The importance of abyssal ocean warming in transient climate change 
The Antarctic Bottom Water (AABW) filling the abyssal Southern Ocean has warmed faster than any 
other part of the deep global ocean in recent decades. Though this warming accounts for a significant 
fraction of ocean heat uptake, few climate models are able to capture this warming feature in global 
warming experiments.  Here, we test if these modeling discrepancies are caused by insufficient model 
resolution. Specifically, we examine if the abyssal ocean response to an atmospheric perturbation is 
fundamentally altered when ocean eddies and sea ice formation regions (polyñyas) are resolved. To do so, 
we compare the response of the Southern Ocean to CO2 doubling in a GCM (CCSM 3.5) configured at 
two resolutions in the ocean and sea ice components: standard (1°), in which eddies are parameterized, 
and fine (0.1°), in which eddies are resolved. We find that resolution fundamental alters the abyssal 
ocean’s response to surface warming. At each resolution, the Southern Ocean takes up a similar amount 
of heat, but the depth at which heat is sequestered differs greatly. At fine resolution, the abyssal ocean 
warms five times more than at standard resolution. We argue that the resolution of polyñyas is the 
primary control on the abyssal ocean response. These divergent patterns of warming raise the question: do 
we need to capture this abyssal ocean warming, if our goal is to better understanding transient climate 
evolution? Because AABW is sequestered from the atmosphere longer than any other water mass, we 
suggest that AABW warming is the most efficient form of ocean heat uptake at postponing surface 
warming. We present a framework to compare the relative efficacy of heat uptake in other water masses, 
to explore the sensitivity of surface climate evolution to the pattern of ocean heat uptake throughout the 
global ocean. 
 
Celine Heuze c.heuze@uea.ac.uk U East Anglia 
Changes in global ocean bottom properties and volume transports in CMIP5 models under climate 
change scenarios 
Changes in bottom temperature, salinity and density in the global ocean by 2100 for 24 CMIP5 climate 
models are investigated for the climate change scenarios RCP4.5 and RCP8.5. The multimodel mean 
shows a decrease in density in all deep basins except for the North Atlantic which becomes denser. The 
individual model responses to climate change forcing are more complex: regarding temperature, only one 
model predicts a cooling of the bottom waters while the 23 others predict a warming; in salinity, there is 
less agreement regarding the sign of the change, especially in the Southern Ocean. The magnitude and 
equatorward extent of these changes also vary strongly among models. The changes in properties can be 
linked with changes in transport of key water masses. The Atlantic Meridional Overturning Circulation 
weakens in most models and is directly linked to changes in bottom density in the North Atlantic. These 
changes are due to the intrusion of a southern water mass, made possible by the decrease in North 
Atlantic deep water formation. In the Indian, Pacific and South Atlantic basins, changes in bottom density 
are congruent with the weakening in Antarctic Bottom Water transport through these basins. We argue 
that the greater the meridional transport, the more the change is propagated towards the equator. Then 
strong changes in density cause changes in transport. The speed at which these property changes reach the 
deep basins is critical for a correct assessment of the heat storage capacity of the oceans as well as for 
predictions of future sea level rise. 
 
 
 
Brian Green brianmg@mit.edu MIT 
Multi-Decadal Ocean Variability and the Inter-Tropical Convergence Zone 
The connection between multi-decadal variability in northern hemisphere sea surface temperatures (SST) 
and the inter-tropical convergence zone (ITCZ; a band of intense precipitation near the equator) is 
examined using reconstructions of Earth’s climate over the 20th Century. In the context of a simple 
energetic framework, multi-decadal variation in Atlantic and Pacific Ocean SST are shown to modulate 
the ITCZ position through an exchange of energy between the surface ocean and the atmosphere. On 
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multi-decadal timescales these SST anomalies heat the atmosphere, creating an inter-hemispheric 
temperature contrast in the atmosphere. The atmosphere responds by shifting the ITCZ towards the 
warmed hemisphere. On inter-annual timescales a North Atlantic Oscillationlike pattern of atmospheric 
forcing dominates North Atlantic sea-surface temperature variability, obscuring the connection between 
ocean circulation variability and the ITCZ position on those timescales. The differences between oceanic 
and atmospheric forcing of North Atlantic sea surface temperature on multi-decadal versus inter-annual 
timescales are discussed in terms of the ocean’s mixed-layer energy budget. 
 
Andy Miller awmiller@mit.edu  MIT 
How does the stratosphere decide to split? 
Stratospheric processes are known to exert an influence on Northern hemispheric surface climate. In 
recent years this fact has made its way into American mass media under the label "polar vortex". While 
there are many misconceptions on how the stratosphere might cause the low temperatures observed over 
the two most recent winters, the effect of stratospheric processes on surface climate is well established 
scientifically (e.g. Baldwin and Dunkerton,2001). My research focuses on sudden stratospheric warmings 
(SSW). During these events the vortex, that dominates the winter at high altitudes, breaks up which leads 
to a warming of the polar stratosphere of more than 50K over a few days. Charlton and Polvani (2007) 
found statistically significant differences between two different types of SSWs. It has therefore become 
standard to distinguish between vortex displacements (wave 1) and splits (wave 2), although no widely 
accepted definitions exist. 
Here we ask what dynamical differences exist between the two types of events and why they have 
different effects on surface climate. I am using MERRA reanalysis data and to calculate energy and 
enstrophy budgets of the stratosphere around the central date of SSWs. Preliminary results show that, 
against common belief, the tropospheric wave flux into the stratosphere does not determine the type of the 
SSW. Instead, processes within the stratosphere are responsible for the transfer of energy between 
wavenumbers. My analysis of the vertical structure of splits puts two more hypothesis in question. First, I 
show that the growth of the barotropic mode alone cannot explain the split of the stratospheric vortex. 
Additionally, I present evidence that the vortex orientation during splits in much more variable that 
previously assumed. I will show a comparison of these results to a dynamical core model which allows 
me to control the planetary wave spectrum to a large degree. 
 

Paulo Ceppi ceppi@atmos.washington.edu UW 
Pecha Kucha: Towards understanding cloud feedbacks in global warming simulations 
 
 
Posters (alphabetical by last name): 
 
Dhruv Balwada db10d@fsu.edu FSU 
Lagrangian estimates of flow and mixing in the Antarctic Circumpolar Current 
The Antarctic circumpolar current(ACC) is an integral part of the climate system as it acts as a control on 
the overturning rate of the Meridional Overturning Circulation(MOC). This control is maintained by a 
complex system of eddies and jets present in the ACC, whose observations remain scarce. The Diapycnal 
and Isopynal Mixing Experiment in the Southern Ocean (DIMES) is a CLIVAR study aimed specifically 
at providing some of the first in situ measurements of these stirring and mixing processes. 
The experiment includes tracer release, float, and small-scale turbulence components in the regions ~30° 
east and west of the Drake Passage. In this presentation I present some of the major results obtained from 
the RAFOS float deployments. The floats show the mean flow pattern and the variability in the region. 
The presence of jets, presumably associated with hydrographic fronts, and strong eddy energies 
downstream of the topography are evident. The Drake Passage is a region of transition in the flow from 



	   23	  

slow zonal flows to fast flows flowing along topography. A strong recirculation in the Yaghan Basin is 
also apparent and has possible implications for strong across stream transport. Dispersion calculations 
show an eddy diffusivity of ~700m2/s in the South east Pacific Ocean and an enhancement of the eddy 
diffusivity by a factor of ~2.5 in the Scotia Sea. Finally, a simple model is presented of the flow in the 
region to show the possible causes of the observed length and time scales in the frequency spectra and 
also to explain the mean flow. I also discuss how these results will possibly impact parameterizations of 
eddies in climate models. 
 

Paulo Ceppi ceppi@atmos.washington.edu UW 
Understanding the Negative Shortwave Cloud Feedback in Midlatitudes 
Climate change causes changes in cloudiness that can damp or amplify the original radiative forcing, a 
phenomenon called "cloud feedback." Cloud feedbacks affect both the shortwave (solar) and longwave 
(terrestrial) components of the Earth's radiative budget. Faithful simulation of cloud properties is 
particularly challenging in climate models, due to the small scale and complexity of the physical 
processes involved. Because of this, the cloud feedback is one of the dominant components of the 
uncertainty in the climate response to greenhouse gas forcing in model simulations. This work seeks to 
improve our understanding of extratropical shortwave cloud feedbacks, using climate model experiments. 
In the midlatitudes, shortwave cloud (SWcld) feedbacks are mostly negative, driven by increases in cloud 
optical thickness, in turn caused by liquid water content (LWC) increases. However, the mechanisms 
responsible for the LWC increase are not well understood, and could be dynamical or thermodynamical. 
Here we test the importance of thermodynamical processes by selectively perturbing the freezing 
temperature and/or specific humidity in the cloud physics code of two climate models (GFDL AM2.1 and 
CESM1.2), in an idealized aquaplanet (ocean-only) configuration. The perturbations are chosen to be 
consistent with a reference global warming experiment. 
We find that freezing point decreases alone cause large increases in LWC, and explain roughly half of the 
global warming response. The LWC increases occur directly poleward and upward of the freezing line, a 
feature also found in the global warming experiment. Specific humidity increases (keeping relative 
humidity fixed) also contribute to LWC increases, mainly through a decrease in the growth rate of ice 
crystals through the Bergeron-Findeisen process. Together, the freezing point and humidity perturbations 
explain about 80% of the global warming response in both models. This suggests that temperature-driven 
phase changes in mixed-phase clouds are the dominant driver of the negative SWcld feedback in the 
midlatitudes, and that other potentially relevant processes, such as boundary-layer stability changes, or jet 
stream shifts, play a secondary role. 
 
Jinqiang Chen jcchen@gps.caltech.edu CalTech 
Future Projection and Associated Uncertainty of the East Asian Summer Monsoon 
The regional climate change of the East Asian summer monsoon is investigated in the Coupled Model 
Inter-comparison Project – Phase 5 (CMIP5) archive in the context of the moist static energy budget. In 
the greenhouse gas forcing scenario, the reduction of radiative cooling and the increase of continental 
surface temperature occur much more rapidly than changes in sea surface temperatures (SSTs). Without 
changes in SSTs, the rainfall in the monsoon region decreases over oceanic regions, despite an increase in 
the land-sea thermal contrast traditionally considered as a fundamental driver of monsoons. The reduction 
in precipitation is robust amongst all CMIP5 models and is primarily attributable to a weakening of the 
subtropical westerly jet. The weakening of the jet, in turn, can be explained by changes in thermal wind 
balance due to variant heating rate along latitudes. On longer time scales, SSTs increase, as does monsoon 
rainfall. This delayed precipitation increase is driven by both the thermodynamic contribution to 
precipitation changes, by which wet regions get wetter and dry regions get drier, and dynamical changes 
due to changes in circulation. These results clearly highlight deficits of commonly proposed geo-
engineering schemes as climate mitigation strategies, which, by reducing the surface warming without 
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sequestration of CO2, might still result in dramatic changes in rainfall, especially in heavily populated 
monsoonal regions. Similar analyses will be applied to other subtropical convergence zones in the Earth’s 
atmosphere. 
 
Ross Dixon rddixon@wisc.edu UW Madison 
Investigating Saharan Heat Low Biases in the CMIP5 Dataset 
Understanding West African climate is highly important to the people who live in the region and depend 
on monsoon precipitation, as well as those affected by the North Atlantic hurricane season. Recent studies 
have shown the importance of the African Easterly Jet (AEJ), the African Easterly Waves (AEWs), and 
the Saharan Heat Low (SHL) in understanding the duration and onset of the West African Monsoon 
(WAM). Strong biases in these features in the CMIP5 dataset make climate projection difficult. This 
study focuses on the SHL, which has been shown to be connected with the monsoon on both short and 
long timescales. How do the CMIP5 models represent the location and strength of the heat low? How is 
this important feature connected with other model biases? Indexes for the strength and location of the heat 
low, monsoon precipitation, and AEW activity are generated and correlated with each other. Historical 
runs of models with both fully coupled oceans and fixed sea surface temperatures (SSTs) are analyzed to 
contrast the importance of SST biases and modes of internal atmospheric variability. The identification of 
structures that co-vary across the models allow us to better understand how the models represent West 
African climate and hypothesize mechanisms that lead to these strong model biases. In addition to looking 
at intermodel variability, intramodel variability was also assessed to observe the dependence of decadal 
variability of WAM precipitation on trends in the heat low strength and position. 
 
Sarvesh Garimella vesh@mit.edu MIT 
The role of primary anthropogenic aerosol particles in cloud formation and climate 
Primary anthropogenic aerosol particles (PAAPs) have the potential to influence the climate system 
through interactions in the atmosphere with radiation and water. Those that act as cloud condensation 
nuclei (CCN) or ice nuclei (IN) can influence cloud formation, which is the most uncertain driver of 
climate change. Among the various types of PAAPs, fly ash particles released from coal combustion have 
significant potential to form clouds. They contain soluble material that has the potential to increase their 
ability to form cloud droplets and also contain heavy metals that have the potential to enhance their ice 
nucleating properties. Since between 10^3 and 10^4 tons of fly ash particles are released per year by coal 
combustion from the US alone, these particles may have a significant influence on the climate. This study 
investigates the efficiency with which fly ash particles from cloud droplets and ice crystals in the 
laboratory. Using a Cloud Condensation Nucleus Counter to observe droplet activation and a 
Spectrometer for Ice Nuclei for ice activation, this study presents results for CCN and IN activation 
experiments using fly ash. In warm cloud experiments, fly ash particles are found to be moderately 
hygroscopic, with kappa values between 0.04 and 0.32. In cold cloud experiments, fly ash particles are 
found to be efficient IN in both the deposition and immersion modes (with activation behavior similar to 
that of mineral dust). These laboratory results indicate that fly ash particles have a demonstrable ability to 
interact with water. The results will subsequently be used to develop a parameterization for simulating the 
interaction of fly ash and water in models. 
 
Leah Johnson leahjohn@uw.edu UW 
Small Processes, Big Impact: The Role of Submesoscale Instabilities on Upper Ocean Stratification 
Classical theory predicts that upper ocean spring stratification results from one-dimensional processes 
dictated by wind and solar heating. Yet recent theory and models suggest that small submesocale 
instabilities that arise at upper ocean fronts are a prevalent leading order process acting to stratify the 
mixed layer by advection. These instabilities can grow as a result of slumping isopycnals (mixed layer 
instabilities) or due to interactions between fronts and winds. This mechanism competes with processes 
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that keep the upper ocean vertically homogenous in winter and could dominate in spring as winter forcing 
weakens but before the ocean is heated at the surface. The prevalence of submesoscale instabilities and 
it’s influence on the shoaling mixed layer during spring is a key component for understanding the upper 
oceans role in the climate system; including the phenology of phytoplankton blooms, surface heat fluxes, 
mode water formation/ventilation and the strength of the meridional overturning circulation. 
Parameterizations of submesoscale processes have been assimilated into ocean simulations, yet there is no 
observational study that has identified the global prevalence of these processes in setting the structure of 
the upper ocean in springtime. Here, observations from the global ARGO database are contrasted with 
results predicted by a 1-D mixed layer model that do not include these instabilities. Deviations between 
model output and data provide insight to where submesoscale processes are influential in the evolution of 
the seasonal mixed layer. 
 
Stefan  Keiderling ske089@gfi.uib.no University of Bergen 
Tropical Diabatic Heating and Its Influence on the Extratropical Jet during Winter 
Jet streams are a major player in the general circulation of the atmosphere. They exhibit variability on a 
large range of time scales. For example, our daily weather is strongly connected to the mid-latitude jet 
stream. Indeed, North Atlantic storms, which develop in the left exit region of the jet, are most active 
during autumn and winter when the mid-latitude jet stream is strongest. Furthermore, the jet streams 
exhibit variability on climatological time scales. For example, the low frequency variability of the North-
Atlantic mid-latitude jet is the upper tropospheric signal of the North Atlantic Oscillation, the leading 
pattern of climate variability in the region. Thus, understanding the mechanisms causing the observed 
variability of jet streams is of importance for understanding regional climate and climate variability. 
The relative influence of various mechanisms driving jet variability in the different sectors (e.g. North-
Atlantic and North-Pacific) and seasons is still disputed. One family of studies (e.g., Lee and Kim (2003), 
Lorenz and Hartmann (2001,2003), Eichelberger and Hartmann (2007)) emphasizes the interplay between 
tropical heating and eddy forcing in an axially symmetric world. However, the mid-latitudes are also 
affected by topography, land-sea contrasts, and sea surface temperature variations, all of which are 
important factors for jet stream variability. In my study, I use the index for thermal driving defined by Li 
and Wettstein (2011) and apply it to the ERA-Interim reanalysis data to estimate the influence of tropical 
heating on jet stream variability in the North Atlantic and North Pacific. In the future, I will use an 
idealized model setup, where I will try to reproduce the observed variability of the jet stream first by 
including ororgraphic and land-sea contrasts mimicking the different ocean sectors, and second by adding 
transient tropical heating, e.g., a MJO like pattern. 
 
Baird Langenbrunner baird@atmos.ucla.edu UCLA 
Investigating intermodel uncertainty in global and regional precipitation change within the CMIP5 
ensemble 
The ability to make robust statements on expected changes occurring within the climate system is limited 
by the uncertainty inherent in model projections, especially at the regional level. This uncertainty is 
investigated within a 36-model ensemble for end-of-century precipitation (P) changes from the Climate 
Model Intercomparison Project Phase 5 (CMIP5). EOF analysis is used to visualize the principal modes 
of intermodel disagreement in P, and joint EOF analysis is used to understand coupled disagreement 
between P and SSTs or upper-level winds. This uncertainty is also explored in the simulated historical 
climatologies, for both the coupled and atmosphere-only simulations. Globally, tropical regions of deep 
convection dominate intermodel disagreement on P change and climatology. Regionally, the story 
becomes less tropically dominated. A focus on the midlatitude Pacific storm track region produces 
leading modes of P disagreement that are related to dynamical changes in the storm tracks. The use of the 
CMIP5 “ensemble of opportunity” makes it possible to sample uncertainties from both model structure 
and parameterization. In addition to the CMIP5 ensemble, this analysis is also applied to a perturbed 
physics ensemble, in which parameters for the Community Earth System Model (CESM1) are 
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systematically sampled. This methodology can also be useful in exploring how one could optimally 
choose a subset of climate models to represent the larger CMIP5 ensemble. Such an approach is relevant 
to downscaling studies, where computational cost limits the number of models that can be downscaled, 
requiring regional modelers to select a subset of models that accurately samples the uncertainty of an 
ensemble as a whole. This requires one to optimize model performance on multiple criteria at once, 
lending itself to a “multi-objective optimization” (or Pareto optimization) analysis done here for the 
CMIP5 ensemble in the context of intermodel uncertainty in P change. 
 
Isabela Le Bras ilebras@whoi.edu MIT 
Investigating hot spots of exchange between the Deep Western Boundary Current and the interior 
ocean using a simple model 
The ocean transports heat from the equator to the poles, aiding to stabilize the earth's climate. The North 
Atlantic carries over 50% of the total oceanic heat in the northern hemisphere (Trenberth 2001), though it 
is half the size of the North Pacific, because it has a meridional overturning circulation and deep 
convection sites. This study focuses on one component of the overturning circulation in the North 
Atlantic, the Deep Western Boundary Current (DWBC), which carries cold, convectively formed water 
masses from the Nordic Seas along the North American continental slope towards the equator. The 
DWBC is a relatively understudied component of the overturning circulation as it is a subsurface current, 
rendering it difficult to measure.  
The DWBC was first observed after it was predicted (Stommel and Arons 1960), using floats that were 
swept southward in it (Swallow and Worthington 1961). Recently, neutrally buoyant floats were placed in 
the DWBC and it was found that the floats left the DWBC preferentially at certain locations (Bower et al. 
2009). This is somewhat at odds with observations of the DWBC at fixed locations, which reveal a 
coherent current. The relevant dynamics remain unclear in the literature and are explored here using a 
simplified, two-layer quasi-geostrophic model. We explain the relative importance of curved coastlines 
and topography to the stability of the current as well as the role that the nearby North Atlantic (surface) 
Current plays in the increased exchange of water and properties between the boundary and the interior 
that is observed. Model initialization is informed by observations from the Line W moored array (Pena-
Molino et al. 2011). 
 
Xiaojuan Liu xjliu@uw.edu UW 
Understanding the effect of precession on South-American climate 
The oxygen isotope concentration in calcite in speleothems (δ18Oc) over South America shows a distinct 
spatial pattern change for the past 250,000 years orchestrated by precessional forcing. Using an isotope-
enabled model ECHAM4.6 coupled to a slab ocean model, we study how and why precession changes the 
climate of South America.  
Two experiments, called the “low insolation” experiment and “high insolation” experiment, were 
performed with the same modern boundary conditions, but forced with the extreme minimum and 
maximum of southern hemisphere summer insolation, respectively. Differences between these two 
experiments (“low” minus “high”) display as a dipole pattern: less precipitation and heavier precipitation-
weighted δ18O (δ18Op) along the Andes, and more precipitation and lighter δ18Op in northeast Brazil. 
The differences in δ18Op are consistent with δ18Oc of speleothems, in terms of both sign and magnitude. 
Further analysis of the δ18O of precipitation, the δ18O of water vapor and the probability distribution 
function (pdf) of precipitation intensity reveals that changes in both the seasonality of precipitation and 
the “amount effect” contribute to the heavier δ18Op along the Andes, while the “amount effect” almost 
exclusively contributes to the lighter δ18Op in northeast Brazil.  
To identify the causes of precipitation response, three additional experiments are performed with 
localized albedo increase over South America and/or Africa. These show that the decrease in precipitation 
along the Andes is caused by cooling of local South American continent, whereas the increase in 
precipitation over northeastern Brazil is associated with cooling of northern Africa. Reduction of southern 
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hemisphere summer insolation cools both South America and northern Africa. Cooling of South America 
weakens the South American summer monsoon and changes the pdf of precipitation intensity over 
tropical South America and along the Andes; contrary to previous suggestions, changes in the strength of 
the South American monsoon does not account for the simulated increase in precipitation in northeastern 
Brazil. Instead, the cooling of northern Africa intensifies the northeasterly trades south of the equator over 
the Atlantic, intensifying moisture convergence and hence precipitation over northeastern Brazil. 
 
Elizabeth Maroon emaroon@uw.edu UW 
The tropical precipitation response to a one-hemisphere continent 
Over the course of the year, more precipitation falls in the northern hemisphere (NH) than in the southern 
hemisphere (SH). Multiple studies persuasively link the present-day NH precipitation peak to northward 
heat transport by the ocean. However, other processes may be responsible for regional differences in 
precipitation, and for shifts of precipitation in past climates. Here, we test the effect of a single NH 
subtropical continent with varying albedo on the tropical precipitation in two general circulation models 
(GCMs): the GFDL gray radiation atmosphere model (Frierson et al, 2006) and the GFDL AM2.1 
(Anderson et al, 2003). The continents in both models are hotter and drier than the surrounding ocean, 
resulting in a NH that is warmer than the SH. Precipitation on average, however, does not move toward 
the warmer hemisphere, but into the colder SH in both models; the larger the albedo, the greater the shift 
in precipitation. Greater OLR (outgoing longwave radiation) over the NH continent results in northward 
atmospheric heat transport from SH to NH. This northward heat transport is accomplished by the upper 
branch of the Hadley circulation and is accompanied by a southward transport of moisture: precipitation 
shifts southward. The precipitation response in the AM2 simulations is larger than that in GRaM and also 
has regional differences in the location of precipitation due to the inclusion of cloud and clear sky 
radiative feedbacks. 
 
Daniel McCoy dtmccoy@uw.edu UW 
Observed Southern Ocean Cloud Properties and Shortwave Reflection: Calculations of SW Flux 
From Observed Cloud Properties 
The behavior of the low cloud in the Southern Ocean substantially affects not only the reflectivity of the 
region, but also the global atmospheric circulation. Because the processes that create low cloud occur at a 
finer scale than the resolution of global climate models their behavior must be parameterized and thus it is 
difficult to constrain the effect of low clouds on the energy balance. In this study cloud properties 
describing the coverage, microphysical characteristics, and water content derived from several remote 
sensing instruments are combined to investigate their impact on the top of atmosphere flux of reflected 
solar shortwave radiation (SWUP) over the Southern Ocean (40S-60S). In this region global climate 
models (GCMs) indicate a strong increase in reflected solar radiation with warming (a negative 
feedback). The SWUP and reflectivity calculated by this method are verified against CERES data from 
2007-2008 and shows values of, respectively, R>0.95 and R>0.67. The relative significance of seasonally 
varying cloud properties to the reflected solar radiation is investigated. Low cloud fraction reaches a 
maximum and droplet effective radius reaches a minimum in summer. These effects combine to increase 
SWUP during the summer. However, decreases in cloud liquid and ice water path in summer decrease 
SWUP. The negative cloud optical depth feedback predicted by GCMs is thought to be contributed to by 
a transition from ice to liquid clouds with warming. The increase in SWUP due to such a transition is 
projected consistent with a 1K warming throughout the low and middle cloud in the Southern Ocean. The 
estimate of the increase in SWUP due to an ice to liquid transition varies dramatically depending on the 
assumed microphysics. This uncertainty in cloud albedo in a warmed climate highlights the importance of 
a more comprehensive understanding of aerosol and cloud processes in this region. 
 

Timothy Myers tamyers@ucsd.edu Scripps 
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Observational and model estimates of subtropical marine boundary layer cloud trends due to 
anthropogenic climate change 
Subtropical marine boundary layer clouds are poorly simulated by climate models and contribute 
substantially to inter-model differences in climate sensitivity. In this study, we compute independent 
relationships of cloud properties to interannual variations in sea surface temperature, estimated inversion 
strength, horizontal surface temperature advection, free-tropospheric humidity, and subsidence using 
observations and as simulated by models participating in the Coupled Model Intercomparison Project 
phase 5. Each relationship is considered to be independent because it represents the association between 
some cloud property and a meteorological parameter when the other parameters are held constant. We 
approximate modeled cloud trends in climate change simulations as the sum of the simulated 
cloud/meteorology relationships multiplied by the respective meteorological trends. This method allows 
us to explain inter-model differences in projected cloud changes. We approximate the true cloud trend due 
to climate change as the sum of the observed cloud/meteorology relationships multiplied by the multi-
model mean metrological trends. The results may provide an observational constraint on both the cloud 
feedback to warming and climate sensitivity. 
 

Geeta Persad gpersad@princeton.edu Princeton 
The Regional and Remote Climate Impacts of Absorption-Driven Solar Dimming 
Surface-based observations have identified statistically significant regional trends in clear-sky surface 
solar radiation (SSR) since the 1960s that are strongly driven by changes in aerosol emissions. The 
climate response to changes in SSR can be expected to differ depending on whether the attenuated 
shortwave radiation is being trapped within the atmosphere (i.e. absorbed) or reflected back out of the 
surface-atmosphere system (i.e. scattered), but few studies have analyzed the relative contribution to these 
SSR trends from aerosol absorption versus aerosol scattering. We recently demonstrated in a pair of 
atmospheric general circulation models (AGCMs), however, that as much as half of the clear-sky SSR 
trend over East Asia—the region with the largest SSR reduction and also one of significant global 
dynamical import—is attributable to increased aerosol absorption. This creates a surface-atmosphere 
radiative dipole with interesting potential consequences for regional and remote climate.  
We here analyze the climate response to absorption-driven dimming over East Asia in AM3, the 
Geophysical Fluid Dynamics Laboratory’s latest generation AGCM. We find that, although the aerosol 
absorption constitutes a large positive radiative perturbation in the atmosphere, the SSR-driven surface 
cooling dominates the response of the regional circulation, suppressing large-scale ascent and convection 
and reducing the land-sea contrast and monsoonal on-shore flow. This can be contrasted with AGCM 
studies over ocean surfaces, which find that aerosol absorption promotes large-scale ascent due to 
increased atmospheric heating in the presence of fixed SSTs. We discuss the implications of this finding 
for the differing responses to absorption-driven dimming that can be expected over land versus ocean, as 
well as the impact of this regional radiative perturbation on global climate via East Asian monsoon 
teleconnections and downstream effects. 
 
 
 
 
Stephen Po-Chedley  pochedls@uw.edu UW 
Correcting for diurnal drift in MSU measurements: Evidence of tropical tropospheric amplification 
Amplified tropical tropospheric warming compared to surface warming, known as the lapse rate feedback 
or tropical amplification, is a critical negative feedback in the climate system. The lapse rate feedback is 
robustly represented in global circulation model simulations (GCMs) of past and future warming and is 
expected given moist adiabatic warming of the tropical atmosphere. Observations from the microwave 
sounding unit (MSU) demonstrate amplification on interannual timescales, but some dataset constructions 
show little decadal warming in the tropical troposphere. Differences between the three homogenized 
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constructions of the mid-tropospheric temperature (TMT) from RSS, NOAA, and UAH have trends that 
range from close to zero (UAH) to trends that are consistent with GCM simulations (RSS and NOAA). 
These differences have been attributed to the treatment of sampling time changes in the satellite MSU 
measurements and how instrument calibration non-linearity is treated. NOAA and RSS have used GCM 
simulations to represent the diurnal cycle and remove it from satellite observations and UAH uses 
comparisons from co-orbiting satellites to remove satellite measurement drift through the diurnal cycle. In 
this work, we construct an observed diurnal cycle by attributing slowly evolving diurnal sampling 
differences with brightness temperature differences between satellites. This derived diurnal cycle has 
excellent error characteristics and effectively removes biases related to satellite diurnal drift. The resulting 
tropical tropospheric trends are consistent with moist tropical warming and GCM simulations that 
demonstrate tropical amplification. 
 
Daniel Rothenberg darothen@mit.edu MIT 
Assessing the sensitivity of global aerosol indirect effects to activation treatment 
Aerosol indirect effects on clouds constitute one of the largest uncertainties with respect to assessing past 
and future climate change. These uncertainties are tied to both lack of detailed knowledge on how the 
chemistry and size distributions of atmospheric aerosol have changed over the past century as well as 
difficulty in relating aerosol changes to cloud properties. Importantly, the ambient aerosol burden sets a 
limit on the number of cloud droplets produced in convection. The physical process defining this limit is 
included in a simplified form inside many modern global climate models; thus, a model's diagnosed 
aerosol indirect effect on climate is critically dependent on a single physical parameterization of droplet 
activation. Here, a new parameterization designed using advanced statistical methods to better estimate 
cloud drop number concentrations in regimes with high anthropogenic aerosol pollution is evaluated 
against commonly-used parameterizations. The new parameterization is as accurate but 6 times faster than 
a detailed, iterative scheme commonly used. We show that cloud droplet number concentration is far 
more dependent on the number and size of accumulation mode aerosol than on other factors including the 
chemical composition of the aerosol. Furthermore, we couple the new parameterization to a global 
aerosol-climate model which resolves the evolution of the aerosol mixing state to better capture the 
effects of anthropogenic pollution. Consistent with other work, employing the new, more advanced 
parameterization increases the global average column droplet burden, and produces better agreement with 
satellite observations in the polluted region of Southeast Asia, although this is also partially due to the 
inclusion of an improved aerosol physics model. Finally, we evaluate the impact of the improved 
activation on radiative forcing from cloud interactions to better understand global and regional aerosol 
indirect effects. 
 
Maria Rugenstein maria.rugenstein@env.ethz.ch Zurich 
The ocean is shaping tropospheric adjustments 
We analyze the ocean’s role in shaping the atmosphere’s fast response to radiative forcings with a 120-
member ensemble of the coupled climate model CESM. Recently, it has been argued that the initial 
tropospheric adjustment to a forcing agent should be treated as part of the forcing and not as a feedback, 
as long as the surface temperature response is negligible. The distinction between forcing and feedbacks 
is important to quantify climate sensitivity, the much sought-after number of global average equilibrium 
and transient surface warming for a given amount of CO2 forcing. 
It has been shown previously that the water cycle response to CO2 forcing has a fast and a slow 
component and that the fast component can make up more than 40% of the total signal in certain 
variables. However, it is not clear how to distinguish between the two timescales and how they relate to 
the estimation of the climate sensitivity. In most of these studies, the ocean is not considered to play an 
active role in the adjustment phase. 
We show that on time scales of months to years after a forcing, the ocean heat uptake (OHU) strongly 
varies spatially. While the tropical Pacific initially loses heat, locations of high OHU shift poleward 
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during the first three years, before becoming stationary. The ocean is passively and actively linked to the 
atmospheric fast responses via latent heat exchange, freshwater redistribution, and the rate and efficiency 
of local heat uptake. Globally integrated, the OHU efficiency is as high as the climate feedback parameter 
for more than a decade. Since the oceanic adjustment involves surface heat fluxes, differentiating between 
time scales of adjustment and feedbacks is even more convoluted than in the atmosphere. 
We conclude that analysing the ocean’s role is necessary to quantify a forcing’s short time scale 
contribution to transient and equilibrium climate sensitivity because of (1) the oceans’ impact on the 
magnitude of the atmospheric adjustment and (2) the initially very high OHU efficiency. 
 
Hillary Scannell hillary.scannell@maine.edu U Maine 
Quasi-decadal variability of ocean heat waves in the Southern Hemisphere extra-tropics 
Large-scale ocean heat waves can be extremely damaging for both ecosystem functioning and fishery 
productivity. Unlike terrestrial heat waves, little work has been done to understand the dynamics of heat 
waves in sea surface temperature (SST). New high spatial and temporal resolution SST data now make it 
possible to investigate regions of persistent extreme anomalies in SST. Here we characterize the spatial 
patterns of accumulated SST and explore the frequency of ocean heat waves in the Southern Hemisphere 
extra-tropics. We compute a percentile-based metric that considers the size, intensity and duration of 
ocean heat waves, and we examine the atmospheric and oceanic processes that precondition these events. 
We find evidence of a Hemisphere-wide extra-tropical pattern of ocean heat waves at the quasi-decadal 
frequency that is partially explained by the clustering of La Niña events in the equatorial Pacific and the 
upward trend in the Southern Annular Mode index. 
 
Andrew Shao ashao@apl.washington.edu UW 
Determining longterm properties and variability of fronts within the Antarctic Circumpolar 
Current 
Methods using satellite altimetry to identify and track the locations of the Subantarctic Front (SAF) and 
Polar Front (PF) of the ACC tend to require estimates of mean dynamic topography. Because of steric 
effects, these methods may incorrectly find longterm poleward trends and correlations to climate modes 
of variability that relate to temperature changes rather than changes in frontal locations. A new method is 
introduced based on the skewness of sea level anomaly (SLA) which is robust such biases. Regions of 
high skewness are shown to be related to strong jets which dominate SLA variability. No longterm trends 
and only weak correlations of SAF and PF to climate modes of variability are diagnosed, whereas 
topography is shown to have a strong effect on the positions of these fronts 
 
Carlowen Smith csmith@gfdi.fsu.edu FSU 
Multiple Zonal Jet Regimes Recreated in a Laboratory Annulus 
Multiple, meandering zonal jets arise spontaneously from turbulence in the Antarctic Circumpolar 
Current (ACC). These provide a complex and varying barrier to meridional heat and material transport, 
and so provide a major control on the meridional overturning circulation of the ocean, and thus global 
climate.  
The exact dynamical nature of these jets, and more importantly, their response to changes in forcing is 
still being debated. 
We have created turbulence in the laboratory that is dynamically similar to that of the Southern Ocean. In 
the presence of a topographic analog of the gradient in planetary vorticity (the Beta effect), multiple zonal 
jets appear that are qualitatively similar to those found in planetary atmospheres and in the ACC. 
By varying such external parameters as the large-scale temperature gradient, rotation rate, and the 
imposed beta-effect, we observe the transition between regimes of multiple zonal jet flow. Spectral 
characterizations and eddy-mean flow decomposition provide insight into the various theoretical models 
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for multiple zonal jet formation. We also observe the long term equilibration of the system, which has 
implications for the response time of the ACC to changes in external forcing. 
 
Sarah Strazzo ses09e@fsu.edu FSU 
A spatio-temporal analysis of the environmental influence on tropical cyclone intensity 
As we strive to better understand the relationship between tropical cyclones (TCs) and climate, global 
climate models (GCMs) have become a valuable tool and resource. However, despite notable progress in 
physics and resolution, GCMs are still unable to realistically simulate the inner core structure of intense 
TCs. Given this limitation, we must exercise caution when using GCMs to predict and understand how 
climate change may affect future TC activity, particularly with respect to intensity. Although climate 
models do not yet realistically simulate TC intensity and structure, they do a relatively better job of 
capturing the large scale environmental fields that influence how intense a TC may become. Therefore, if 
we can use observational data to understand how various environmental variables (e.g., sea surface 
temperature, vertical wind shear, mid-level relative humidity) influence the lifetime maximum intensity of 
TCs, we may be able to utilize GCM simulations of relevant environmental variables to infer information 
about TC intensity in the future. 
This research is thus divided into two sections. First, we use observational and reanalysis data from the 
1979—2012 period to assess the influence of key environmental variables on TC intensity for the North 
Atlantic Basin. To accomplish this, we utilize a Bayesian spatio-temporal statistical model that examines 
the relationship between regional TC maximum intensity and several environmental variables: sea surface 
temperature, 200—850 hPa wind shear, 400—700 hPa relative humidity, and tropopause temperature. 
The model also considers ENSO effects by incorporating a term for the Southern Oscillation Index. 
Results from this portion of the study allow us to quantify the spatially varying influence of relevant 
environmental variables on TC intensity. Finally, we will use these statistical relationships to infer future 
TC intensity by employing environmental data from 21st century simulations by three GCMs. 
 
Jeffrey Willison jawill20@ncsu.edu NC State 
Upscale influence of mesoscale heating in extratropical cyclones and implications for climate model 
biases 
We have previously shown that the intensity of individual extratropical cyclones and their aggregate 
behavior in the North Atlantic stormtrack are strongly sensitive to horizontal resolution. Current climate 
model resolutions are inadequate for representing small-scale condensational heating, which plays an 
important role in mid-latitude cyclogenesis. Such a deficiency leads to uncertainty in projections of how 
extratropical cyclones will behave under global warming. Here we investigate the upscale effect of a mid-
latitude resolution deficiency on the large-scale flow and the subsequent implications for projections of a 
warmer world with increased atmospheric moisture. We use the Weather Research and Forecast (WRF) 
model configured globally with a high-resolution 2-way nest in the Northern Hemisphere mid-latitudes. 
Ten continuous years are simulated both with and without the high-resolution nest for current and future 
scenarios. The future scenarios are forced by increased CO2 concentrations and sea surface temperature 
changes projected by models from the Coupled Model Intercomparison Project phase 5. Differences in 
individual cyclones arise as small-scale latent heating is better resolved and the climatological 
stormtracks respond accordingly. The stormtrack response is expressed in terms of the Lorenz energy 
cycle through Eulerian eddy statistics. The upscale influences of condensational heating are also shown 
for the warmer and moister environment. Our results allow for better understanding of potential biases in 
projections of extratropical cyclone behavior and the role of cyclones in the general circulation under 
global warming. 
 
Matthew Woelfle woelfle@atmos.washington.edu UW 
Timescales of Tropical Adjustment to Extratropical Forcings in an Idealized Model 
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Despite advances in complexity and resolution, many global climate models still simulate a spurious 
southerly extension of deep tropical convection in the tropical Pacific Ocean. This bias is known as the 
double-Intertropical Convergence Zone (ITCZ) bias. Recent work suggests underrepresentation of low 
clouds over the Southern Ocean is responsible for this tropical precipitation bias. Previous work has 
shown the double-ITCZ bias to develop within the first year of integration in a fully coupled global 
climate model. 
In this study, we use the GFDL Atmospheric Model version 2.1 coupled with a slab ocean of uniform 
depth to investigate the response timescale of tropical climate to a prescribed extratropical forcing. We 
subject a series of simulations with differing mixed layer depths to anomalous surface heating in the 
southern hemisphere midlatitudes and equivalent surface cooling in the northern hemisphere midlatitudes. 
The tropical response to the extratropical forcing is characterized by the change in tropical temperature 
asymmetry between the northern and southern hemispheres, which has been shown to be correlated with 
the location of the ITCZ in prior work. The timescale of the tropical temperature asymmetry response is 
shown to vary linearly with the combined-ocean atmosphere heat capacity of the modeling system despite 
differences in the mean tropical temperature response. The response timescale is of the order of weeks for 
a 2.4 m mixed layer and years for a more realistic 50 m mixed layer. Furthermore, for deep mixed layers, 
the timescale of the response decreases with increasing magnitude of the prescribed forcing. The 
timescales presented in this study for realistic mixed layer depths are longer than the timescale for the 
development of the double-ITCZ bias in fully coupled models. 
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Alex Crawford alexander.crawford@colorado.edu UC Boulder 
The impact of sea ice and snow cover decline on the summer Arctic frontal zone 
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The Arctic frontal zone (AFZ) is a narrow band of steep horizontal temperature gradients spanning the 
coastline of Siberia, Alaska, and western Canada along the Arctic Ocean during summer.  Past research 
has associated the summer AFZ with surface heating contrasts between the Arctic Ocean and snow-free 
land, with its regional strength strongly influenced by topography.  The AFZ has significant impacts on 
summer precipitation patterns in the Arctic.  Cyclones forming along the Siberian sector of the AFZ often 
contribute to the summer cyclone maximum in the Arctic Ocean, which in turn has strong impacts on sea 
ice conditions. The Arctic is one of the most rapidly warming areas of the world, and this warming has 
implications for the summer sea ice regime, snow cover retreat, and even cyclone frequency.  As a 
warming Arctic continues to become more accessible during summer, the role of the AFZ in the regional 
climate system is becoming more relevant.  Furthermore, the AFZ itself may change in response to 
regional warming. This study uses 35 years of data from atmospheric reanalyses and passive microwave 
satellite observations to examine the influence of regional warming on AFZ strength. Declining snow 
cover in spring has led to accelerated warming of air temperatures over land and an enhanced AFZ in 
June. Declining sea ice also accelerates warming of air temperatures over the ocean, but this feedback is 
largely delayed until autumn and winter, so it has a lesser impact on the summer AFZ. 
 
Hayley Dosser hdosser@apl.washington.edu UW 
The Impact of Sea-Ice Decline on Arctic Ocean Internal Waves and Mixing 
In recent decades, the Arctic has undergone a dramatic transformation due to the overall warming of 
Earth’s climate. The traditional picture of the Arctic Ocean as quiet and slowly changing is no longer 
accurate. In particular, mixing in the Arctic Ocean may be increasing, which has the potential to impact 
ocean circulation, change the surface ocean response to atmospheric forcing, affect sea-ice melt, and 
enhance or reduce biological productivity. One of the dominant sources of mixing in low-latitude oceans 
is internal waves, generated either by wind or by tides. In the Arctic Ocean, sea ice reduces the amount of 
energy that can be transferred from storms to the surface ocean, and limits internal wave propagation. 
Because of this, and the difficulty of data collection, the role internal waves play in the Arctic Ocean 
mixing has received little attention in the past.  
During the last decade, sea-ice area and thickness have declined rapidly. As a result, the wind-generated 
internal wave field may be becoming more energetic. This study presents the first quantitative evidence 
that seasonal and interannual decreases in sea ice have caused an increase in the energy of the internal 
wave field in the Arctic Ocean. Year-round observational data from drifting Ice-Tethered Profiler 
instruments for the years 2005 to 2012 is used to study the internal wave field, including periods of 
minimum sea-ice area in summer 2007 and 2012. Possible changes in ocean mixing related to the 
observed internal waves are investigated using a numerical model, with a particular focus on vertical heat 
flux from the warm Atlantic Water layer, which contains enough heat to completely melt the sea ice. 
 
Alyssa Abbey alabbey@umich.edu U Michigan 
Recent lake-area increases on the Qinghai-Tibet Plateau: links to permafrost degradation and 
climate change 
The Qinghai-Tibet Plateau is covered by thousands of lakes ranging in size from a few square kilometers 
to several thousand km2.  Many of the lakes are located in internally drained basins, where lake area can 
be used as a direct indicator of the hydrologic budget within the basin.  In this study, we examined recent 
changes in the surface area of eight internally drained lakes from four regions on the plateau (NE, NW, 
SE, and SW).  Lakes in both a glaciated and an unglaciated basin were selected from each region.  Image 
classification was used with Landsat imagery to reconstruct lake areas through time. Lake area time series 
for each basin showed that between 1972 and 1997 lake area decreased slightly or remained unchanged, 
whereas six of the eight lakes increased in area from 1998 to present. Precipitation over the study period 
has not changed significantly, and is not equal in all regions, making it an inconsistent explanation for 
lake expansion. Although glacier melt may be contributing to the increase in lake area in glaciated 
watersheds, this is not the case for unglaciated watersheds.  Most of the Qinghai-Tibet Plateau is 
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underlain by permafrost, which has been degrading over the past 40 years as mean annual air temperature 
has increased uniformly in all regions by ~0.4°C/decade. We suggest that permafrost degradation due to 
this temperature increase is the main cause for lake area increase since 1997.  Permafrost degradation will 
accelerate in the coming decades as progressively larger land areas of Tibet are warmed and thawed, 
resulting in obvious consequences for local water resources and the hydrologic budget of many lakes on 
the Plateau. 
 
Tyler Sutterley tsutterl@uci.edu UC Irvine 
Regional Ice Sheet Mass Balance from GRACE time-variable gravity 
We use monthly gravity fields from the Gravity Recovery and Climate Experiment (GRACE) to 
determine the regional ice sheet mass balance in Greenland and Antarctica from 2002 to 2013. The total 
mass variability is controlled by a few select regions. To help interpret our findings, we compare our 
GRACE-derived solutions with surface mass balance outputs from the RACMO2 regional climate model. 
In key regions, we corroborate our regional mass balance results with independent datasets from satellite 
and aerial altimetry. In Greenland, the strongest ice mass loss signals are found in the Southeast and 
Northwest sectors, corresponding to changes in both the surface mass balance and ice dynamic signals. 
Over the observation period, these two regions generate approximately 70% of Greenland's mean ice 
mass loss. The strongest acceleration in Greenland ice mass loss is found in the Southwest sector, which 
we find driven by strong increases in meltwater runoff. In Antarctica, the Amundsen Sea Sector and the 
Antarctic Peninsula are the significant contributors to the continent's ice mass loss. We find that the ice 
mass balance from Amundsen Sea Sector is increasingly negative. Currently, mass variability in East 
Antarctica is largely driven by changes in surface mass balance. The mass balance in Queen Maude Land 
has been increasingly positive since 2009 in agreement with increases in regional surface accumulation. 
The contribution from the two ice sheets to global sea level rise has increased dramatically over the last 
decade with average mass losses of 270 Gt/yr in Greenland and 70 Gt/yr in Antarctica.  
 
Andrew Shao ashao@apl.washington.edu UW 
Pecha Kucha: Polar vortices: From the Earth to Jupiter and 'round again 
 
 
Posters (alphabetical by last name): 
 
William Armstrong william.armstrong@colorado.edu UC Boulder 
Glacier sliding dynamics analyzed from spatiotemporal evolution of ice surface velocity estimated 
from pixel tracking using high-resolution optical satellite imagery  
We use the free pixel tracking software COSI-Corr to estimate spatially distributed glacier velocity on 
weekly to-monthly timescales on the terminal 15 km of the Kennicott Glacier in the Wrangell Mountains 
of Alaska. We interpret these data to better understand the mechanics of glacier basal sliding. Basal 
sliding is a mechanism by which glacier velocity can rapidly accelerate and is critical for glacier erosion. 
Therefore, basal sliding is important both for understanding how glaciers will respond to climate change 
and for understanding arctic and alpine landscape evolution. On-glacier GPS monuments show the 
satellite-derived glacier velocities are accurate in both magnitude and azimuth to within 1%. We create 4 
velocity maps spanning March to late August 2013. We document a significant summer speed-up induced 
by meltwater inputs to the glacier bed. We find the velocity anomaly, defined as summer minus spring 
glacier velocity at each pixel, is uniform over a length scale equivalent to ~15 glacier thicknesses. The 
velocity anomaly is relatively steady near the glacier margins and terminus. Additionally, the maximum 
velocity anomaly does not correspond to the location of peak ice surface velocity. Glacier basal sliding is 
thought to be related to effective pressure, defined as ice overburden pressure minus subglacial water 
pressure. Under this canonical view, these observations would imply that effective pressure is uniform 
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over large length scales and steady near the glacier margins and terminus. This scenario seems unlikely 
due to spatial heterogeneity of the subglacial environment and spatiotemporally variable water inputs. 
More likely, our observations reflect spatially variable basal sliding, which is “smoothed” through viscous 
coupling to adjacent ice. These observations have implications for interpreting surface velocity data in the 
context of basal motion and result in a different pattern of mass flux than would be predicted by 
conventional models. 
 
Cheng Dang chengd1@uw.edu UW 
Light-absorbing impurities in seasonal snow in western North America 
Small amounts of light-absorbing particulates (LAPs) in snow can decrease the surface albedo, especially 
at visible and ultraviolet wavelengths. Commonly found LAPs in snow are black carbon (BC), organic 
carbon (OC), and iron oxides. Their presence reduces the albedo of snow and triggers positive feedback 
processes; both of these advance the melting of snowpack and hence influence the climate and 
hydrological cycle.  
A large-area geographical survey of LAPs in snow was conducted in western North America from 
January to March of 2013. More than 600 snow samples from 67 sites across 13 American states and 3 
Canadian provinces, spanning from Nevada to Manitoba. These samples were melted and filtered. The 
filters were analyzed with a spectrophotometer to estimate the BC mixing ratio and the fraction of the 
light absorption by BC and non-BC LAPs. In addition, chemical analyses of the samples were used to 
obtain independent estimates of the light absorption due to OC and to iron oxides, and to subdivide the 
OC absorption into contributions by different types of OC. 
The BC mixing ratio of most samples ranges from 2 to 50 ng BC/g snow, with the following regional 
medians: Pacific Northwest 19, Rocky Mountains 23, Northern Plains 36 and Canada 17. These mixing 
ratios of BC in snow of western North America is much lower than was found in Northern China, where 
it ranged from 100 to 1200 ng/g. Using the optical analysis alone, we estimate that, in these regions, BC 
accounts for 82%, 78%, 60% and 70% respectively of total particulate light absorption in the snowpack. 
The remainder is due to non-BC LAPs (mostly OC and iron oxides). The fraction of light absorption due 
to non-BC estimated from the optical analysis is generally ~10% higher than that quantified by the 
chemical analysis. 
 
Sarah Dewey deweys@uw.edu UW 
Aerial Surveys on the Margins of Climate Change: Observing the Beaufort Sea Seasonal Ice Zone 
(SIZ) in 2012 
The Beaufort Seasonal Ice Zone (SIZ) is an area of the Arctic Ocean where ice melts and reforms 
annually, occupying a delicate and complicated intersection of atmosphere-ocean-ice dynamics. Because 
of a shift from multiyear to seasonal sea ice and an overall decline in Arctic sea ice volume in recent 
decades, observations and model forecasts of this zone are essential to understanding processes of global 
change that may be amplified at high latitudes. 
The SIZ presents an observational challenge because of its remoteness, weather, and the costs of 
shipboard surveys. Seasonal Ice Zone Reconnaissance Surveys (SIZRS) overcome that challenge through 
“flights of opportunity”, on which UW scientists help fulfill the U.S. Coast Guard’s mission to expand 
airborne operating capabilities to polar environments—creating an exemplary science-policy partnership. 
From May to October of 2012, surveys of the Beaufort Sea aboard USCG Arctic Domain Awareness 
flights were made monthly. That year, sea ice extent reached a record minimum and SIZRS sampling 
ranged from complete ice cover to open water. Observations of temperature and salinity with expendable 
probes reveal the formation of a warm oceanic mixed layer. This layer’s evolution through the year is 
important because its thermal communication with the surface impacts sea ice formation and melt.  
Observed salinity and temperature are compared with UW’s Pan-arctic Ice-Ocean Modeling and 
Assimilation System (PIOMAS), which models oceanic and ice conditions for the poles. Comparison of 
SIZRS data with PIOMAS predictions of upper ocean physical properties can show how to adapt regional 
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ice-ocean model predictions for the SIZ, which will be useful in the future when more Arctic sea ice is 
seasonal. A 1-D mixing model is also used to assess how much observed seasonal changes are due to 
large-scale horizontal processes versus local vertical mixing. These large-scale processes may be 
indicators of shifting climate regimes. 
 
Joe Hamman jhamman1@uw.edu UW 
Understanding Arctic Climate Change Using the Regional Arctic System Model (RASM) 
The impacts of climate change are projected to be disproportionally severe in the Arctic region, affecting 
sea ice, seasonal snow cover, streamflow, permafrost, glaciers, and ice sheets as well as terrestrial and 
aquatic ecosystems. Changes in these processes are likely to prompt non-linear responses and feedbacks 
throughout the Arctic region and global climate systems. The net effect of these feedbacks is not easily 
understood without the use of complex coupled earth system models. Fully coupled earth system models 
allow us to evaluate the interactions between components of the climate system; determine the extent, 
magnitude, and sign of complex feedback processes; and to project the climate system’s response to 
future predictions. The Regional Arctic System Model (RASM) is a high resolution, regional, coupled 
atmosphere - land - sea ice - ocean that uses the Community Earth System Model (CESM) coupling 
infrastructure over a Pan-Arctic domain. RASM is composed of the Weather Research and Forecasting 
(WRF) atmospheric model, the Variable Infiltration Capacity (VIC) hydrology model, the RVIC 
streamflow routing model, the Parallel Ocean Program (POP) model and the Los Alamos Sea Ice model 
(CICE). This presentation will 1) provide an overview of the observations and simulations that motivated 
the development of RASM, 2) discuss some of the sensitivities discovered in the development of the 
model with a focus on land-atmosphere and land-ocean interactions, 3) demonstrate some of the benefits 
and drawbacks to using a regional climate model rather than a global climate model, and 4) give an 
outline of future research using RASM. 
 
Karl Lapo lapo.karl@gmail.com UW 
Exploring the stability feedback in snow models 
Snow-covered surfaces form an important part of the water and energy cycles, providing the surface 
boundary condition for weather and climate models, controlling the distribution of ecosystems, and 
providing fresh water for humans. Snow cover and extent are vulnerable to reductions attributable to 
climate change with implications for climate and weather feedbacks, ecosystems, and water resources, as 
snow-covered area changes at basin and continental scales. Understanding snow’s current and changing 
role in cold region hydrology motivates the use of physically-based snow models that represent snow 
dynamics. 
Many snow model processes are non-linear, such that small differences in model parameter values yield 
large differences in simulated quantities such as the snow water equivalent (SWE) or snow surface 
temperature (Ts). How these processes feedback within snow models is poorly understood, leading to 
substantial uncertainty in evaluating snow model performance. Previous model intercomparisons have 
attributed model disagreement in simulated SWE and Ts to the stability feedback. In this feedback, the 
downwelling longwave irradiance, which strongly controls Ts, can feedback with the turbulent fluxes by 
altering the stability. If the downwelling irradiance is small, Ts drops in response. A cooler surface leads 
to enhanced stability, as a cool surface sits underneath a typically warmer atmosphere. Most turbulent 
flux parameterizations based on Richardson number will then either decouple from the atmosphere or 
strongly suppress turbulence under stable conditions, which can further cool the surface as the latent and 
sensible fluxes are either turned off or substantially reduced. This stability feedback with the net 
longwave irradiance may not be physical; decoupling of turbulent fluxes under stable conditions violates 
turbulent exchange theory and a number of observational studies, and models that decouple from the 
atmosphere have been shown to be less accurate. Yet, these Richardson number stability schemes are 
widely used in popular snow models. 
In this study, we explore the stability feedback explicitly by artificially introducing biases in the 
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irradiance forcing data in simulations of seasonal snow, specifically examining impacts on 
simulated SWE, Ts, and latent and sensible heat fluxes. We simulate snow at four sites spanning a range 
of climates encountered within the Western United States using two well-established and widely-used 
snow models: 1) the Utah Energy Balance model (UEB) and 2) the SNow THERmal model (SNTHERM) 
which use Richardson number and Obukhov-Monin stability schemes, respectively. We show that 
the stability feedback explains the differences in Ts between the two snow models but is unable to explain 
differences in simulated snowmelt. Other model components related to changes in the internal energy in 
the bulk of the snow, such as snow layer structure, thermal conductivity, and numerical integration likely 
explain modeled melt differences. We finish by suggesting that snow models move away from turbulence 
schemes not based on the Richardson number, instead using schemes that better match observations such 
as Obkhov-Monin in order to better simulate the exchange of energy between the snow and atmosphere. 
 
Larissa van der Laan larissa.laan.13@ucl.ac.uk University College London 
Modelling glacier processes in the Ötztaler Alps: comparing the use of gridded nowcasting system 
data to interpolated station data in a physically based snow/ ice melt model 
Physically based hydroclimatological models have the ability to accurately model complex processes but 
require extensive datasets to produce results which correctly represent these processes. Especially in 
mountainous regions such as the Alps, these processes are characterised by multiple interactions between 
the particular topography and meteorological conditions. To evaluate the impact of different model input 
datasets, the physically based, distributed snow- and icemelt model AMUNDSEN is run once with 
interpolated station data and once with gridded data from the Integrated Nowcasting through 
Comprehensive Analysis system (INCA). The study is carried out in a glacierised basin in the Ötztaler 
Alps, an example of the mountainous regions for which AMUNDSEN was developed, for the time period 
2003-2011. Generated fields of mean temperature, liquid, frozen and total annual precipitation, global 
radiation and snow- and icemelt are compared to reach an initial understanding of differences between the 
input datasets. Simulated change in snow water equivalent for two winter seasons and simulated mass 
balance changes on two glaciers are compared to observed data derived through airborne laserscanning 
and the direct glaciological and geodetic method. The built-in linear reservoir model in AMUNDSEN is 
calibrated and validated against observed discharge data. The main finding is that model performance is 
better using INCA data, since distribution and range of precipitation and temperature are better 
represented in the gridded INCA than in interpolated station data. Using INCA data in distributed 
hydrological models with less sophisticated meteorological processing than AMUNDSEN could present a 
significant improvement in their accuracy. 
 
Melinda Webster melindaw@uw.edu UW 
A Comparison of Melt Pond Evolution in the Beaufort and Chukchi Seas 
Melt pond evolution on sea ice has been well-documented on multiyear and landfast sea ice in the Arctic, 
but estimates of melt pond evolution on drifting, first-year sea ice are sparse. Though landfast and drifting 
first-year sea ice have similar physical properties, they undergo different dynamic and thermodynamic 
processes, which results in different progressions of melt. Using 1-m resolution Literal Image Derived 
Products (LIDP) paired with in situ buoy data, we evaluated the melt pond evolution on drifting first-year 
and multiyear sea ice in the Beaufort and Chukchi seas during the 2009-2013 melt seasons. We 
characterized the sea ice surface into sea ice, young ice, melt pond, and open water fractions, and 
compared the results with those from the Surface Heat Budget of the Arctic Ocean (SHEBA) field 
campaign in 1998. Preliminary results show earlier melt onset, slower initial growth in melt pond 
fraction, and double the maximum melt pond fraction in the 2009-2013 period compared to the SHEBA 
results. Maximum melt pond fractions were reached one month after melt onset on drifting sea ice, in 
comparison to eight days on landfast ice. These results reveal differences in melt progression of drifting 
first-year, multiyear, and landfast sea ice in the Beaufort and Chukchi seas, and thus, may be useful for 
validating sea ice and climate models. 
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Hannah Zanowski zanowski@princeton.edu Princeton 
Evidence for long-term, large-scale climate impacts associated with the Weddell Sea polynya 
The role of Weddell Sea polynyas in perturbing the deep ocean is investigated using GFDL’s coupled 
climate model, CM2G. We use statistical composite analysis to create a single polynya event from 40 
events that occur in a 2,000-year-long preindustrial control run of the model. Using the composite, we 
determine 1) the temperature, salinity, and water mass changes associated with a typical polynya event, 
and 2) the extent to which these anomalies explain recent abyssal ocean warming observations. For the 
time period following the polynya, termed the ‘recovery,’ we calculate composite temperature, salinity, 
and water mass changes associated with the event. We find that the signal from the polynya recovery 
sufficiently explains a small fraction of recent abyssal ocean observations. Between 1500m and 3200m, a 
warming of 0.02°C to 0.5°C occurs in the model and is statistically significant at the 95% confidence 
level. Salinity changes between 0.002 PSU to 0.05 PSU occur in the same depth range and are also 
statistically significant at the 95% confidence level. Temperature and salinity changes are generally 
amplified in the south, with the strongest changes confined to the Weddell Sea and the South Atlantic. 
While most of the recent Southern Ocean deep water changes are attributable to anthropogenic forcing, 
we conclude that some are a result of the 1970s Weddell Sea polynya recovery. 
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Megan Gambs mfgambs@uw.edu UW 
Climate change policy and the U.S. Congress: A twenty-year review 
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In recent decades, increasing evidence has suggested that our changing climate will have significant 
ecological, economic, and societal impacts, both nationally and globally. Through this study, we 
investigate the manner with which the U.S. Congress has responded to emerging issues of climate change 
by exploring all climate change legislation proposed over the past two decades. Using the Library of 
Congress THOMAS, we analyze bills introduced between the 103rd and 112th Congress (1993–2012), 
and compile a database of bills that substantively address climate change (n=565). We coded bills by 
home state and party affiliation of the primary sponsor, and by policy topic (e.g. foreign affairs, energy, 
human health, greenhouse gas mitigation, research and education). In addition, we categorize each bill as 
to whether or not the bill proposes actions that increase the capacity to study, adapt, mitigate, or regulate 
aspects of, or relating to, climate change, or climate change implications. These bills are coded as 
progressive, while bills that do not meet these criteria are deemed non-progressive as they either ignore or 
actively thwart the actions coded as progressive.  
Using our database, the following questions are addressed: What types of climate change legislation are 
being introduced in Congress? How is proposed legislation changing over time and why? Which actors or 
subgroups within Congress are introducing climate change legislation and how have these trends changed 
over the study period? Over the last 20 years, which climate change legislation has been successful and 
what drove its success compared to bills that failed to pass? What types of external events appear to drive 
the timing and content of climate change legislation introduced by members of Congress?  
Understanding the manner in which legislation passes or does not pass and the impact of externalities on 
legislative success may prove beneficial to the success of future climate change legislation. Climate 
change policy and the U.S. Congress: A twenty-year review 
 
Lubna Seal lubnaseal12@gmail.com U. Waterloo 
Searching for Particular Vulnerable Countries to Climate Change with a Focus on Tourism Sector 
Adverse effects of climate change can exacerbate sustainable development challenges in many developing 
countries. To help developing countries meet their development challenges, United Nations Framework 
Convention on Climate Change (UNFCCC) at its seventh conference of parties (COP 7) in 2001 
recognized adaptation as a policy response to the adverse effects of climate change. Consequently, 
adaptation fund has been emerged as a financial mechanism under the auspices of UNFCCC. However, 
the fund falls short to meet the need of adaptation cost estimated. The scarcity of adaptation fund urges to 
develop an evidence based vulnerability ranking globally to inform decision making process in 
prioritization of adaptation fund. One of the mandates of UNFCCC for developed countries to “assist the 
developing country Parties that are particularly vulnerable to the adverse effects of climate change in 
meeting costs of adaptation to those adverse effects”. However, there is no operational interpretation of 
the very word “particularly vulnerable” under the convention. To identify this certain group of countries, 
many studies developed vulnerability ranking. Most cases the ranking was established using aggregated 
data and sometimes biased to specific geographical location. This study aims to develop a new 
vulnerability matrix globally to identify the countries where adaptation is an urgent need. To do so, the 
current study reviews the existing studies on climate change vulnerability indices. This study compared 
the published vulnerability indices and identified consistent differences across the studies which makes it 
more challenging to identify the particular vulnerable countries. Therefore, this study conducts an 
integrated analysis from currently available vulnerability indicators. Also, it brings new indicators vital 
for the vulnerability assessment of a country; however, have been overlooked or escaped by the 
vulnerability research community. 
 
Morgan Levy mclevy@berkeley.edu UC Berkeley 
Land Use Change Impacts to the Hydroclimate: The Land-Water-Energy Nexus at the Southern 
Fringe of the Brazilian Amazon 
Land use / cover change (LUCC) in the form of conversion of forestland to pastureland, and pastureland 
to cropland has occurred extensively in the transition zone between the Amazon rainforest and savannah 
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in Brazil (the Brazilian transition zone or BTZ). Agricultural development-driven LUCC at regional 
scales can alter evapotranspiration and rainfall; these hydroclimatic changes impact stream flows, and 
thus hydropower generation. Therefore, LUCC may impact rain- and flow-dependent ecosystems as well 
as energy production. The BTZ provides a case study for analyzing this understudied land-water-energy 
nexus dynamic. 
This research connects 12-year LUCC data at watershed scales in a four state BTZ region to i) ground and 
satellite rainfall data, ii) stream flow records, and iii) in-line hydropower potential estimates. The analysis 
maps spatial LUCC statistics to rainfall and flow time series statistics, and energy potential estimates. 
This exploratory data analysis is intended to lead to confirmatory analysis on LUCC impacts to seasonal 
rainfall patterns, flow regimes, and hydropower generation capacity. 
Scenario modeling studies suggest LUCC may change rainfall patterns, and either increase or decrease 
stream flows and hydropower. However, empirical analyses are limited, especially at regional scales. This 
research hypothesizes that there exist more nuanced hydroclimate outcomes to LUCC than simple 
increases or decreases in rainfall and flows. In response to existing literature, we propose that outcomes 
are moderated not only by direct vegetation impacts to stream flows (via altered evapotranspiration) but 
also by climate feedbacks – specifically changing rainfall patterns due to vegetation cover change. We 
hypothesize that flow changes are LUCC-type dependent, and may come in the form of altered seasonal 
stream flow variability, which is undesirable from a hydropower planning perspective. 
The preliminary analysis focuses on large, gauged watersheds; the research will be extended at a later 
date to ungauged sub-watersheds using modeling tools from the field of statistical hydrology. The 
methods developed in this study are ultimately be extensible to tropical and transitional forest regions 
worldwide where there exists potential for simultaneous agricultural and hydropower development, and 
where planners require an understanding of LUCC impacts to hydroclimate-dependent industries and 
ecosystems. 
 
Walker Stanovsky stanovsk@uw.edu  UW 
Standing In The Greenhouse: A Scientific Approach To A Constitutional Problem 
Though most non-lawyers have never heard of the constitutional doctrine of standing, plaintiffs in every 
federal lawsuit must meet its requirements before the courts will consider the merits of the case. Most 
federal climate change lawsuits have been turned away without rulings on their merits, often due to 
failures of standing. To have standing, plaintiffs must demonstrate (1) a concrete, actual or imminent 
injury (2) fairly traceable to the challenged action of the defendant and (3) likely to be redressed, at least 
in part, by remedies available from the court. In particular, courts tend to see the causal connections 
among defendants’ actions, plaintiffs’ injuries, and available remedies as too speculative or too attenuated 
to support standing. However, recent science in several disciplines suggests potential injuries linked to 
elevated CO2 levels near emissions sources, rather than mediated by the global carbon pool. Taking these 
scientific developments in light of recent court precedents, I suggest a theory of standing that may open 
the door to rulings on the merits of some climate change cases that have previously been rejected for lack 
of standing. 
 
 
Jeff Kessler jkessler@ucdavis.edu UC Davis 
Pecha Kucha: Teaching energy and climate topics to 6th graders 
 
 
Posters (alphabetical by last name): 
 
Md Monzurul Alam mmalam@ucalgary.ca U Calgary 
Modelling and analysis of near-surface soil O2 and CO2 for early CCS leak detection 
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In recent years, carbon capture and storage (CCS) technology is considered one of the most potential 
ways of reducing elevated CO2 level in the global atmosphere and mitigating climate change related to 
increased CO2 concentration. In CCS, the CO2 is captured from different sources that burn fossil fuels 
(mainly from coal and gas based large scale power plants) and finally injected into the selected subsurface 
geological formations where CO2 is trapped by impermeable cap rock layers, micro pore spaces, 
dissolving in ground water and forming minerals. However, the success of this technology is greatly 
dependent on the monitoring and detection methods of the sites that can ensure inserted CO2 remain 
trapped in below ground and there is no occurring of CO2 re-emission to the atmosphere. The leakage of 
CO2 from subsurface to atmosphere can occur through any abandoned wells, bore holes, or faults and 
fractures; and the migration of leak CO2 to near surface soil will certainly have some impacts on the 
regular bio-geo-chemical processes of that soil which are not widely discussed in the existing CO2 leak 
detection methods. Our research, therefore, focuses on the analysis of complete gas exchange mechanism, 
both diffusive and advective, between soil and atmosphere due to the soil biological activities, and the 
relationship of soil biochemical processes with various environmental factors such as soil temperature, 
water content, pH level etc. Our ‘soil gas reaction-diffusion-mass flow model’ shows that anomaly of the 
pressure gradient along depth at near surface of regular soil can be used as a tool for early detection and 
quantification of any CO2 leak from storage site. 
 
Ulil Amri ulilamri@uw.edu UW 
Faith-based organizations and climate change in Indonesia 
The issues of climate change do not only attract state actors to get involved but also non state ones 
including faith based organizations. The two biggest faith based organizations in Indonesia, 
Muhammadiyah (25 million adherents) and Nahdlatul Ulama (40 million adherents), do not want to be 
left behind in the climate change discourses and are keen to show their commitment to getting involved in 
various adaptation projects such as combating deforestation, conducting reforestation, and doing 
environmental advocacy. So far, they have mobilized their adherents who are mainly pesantren (Islamic 
traditional boarding schools) and school members. Many pesantrens and schools collaborate with state 
actors to make adaptation strategies work in halting environmental degradation. 
I argue that unlike the state actors that utilize bureaucratic governmentality of climate change such as 
written law or regulation, the faith-based use spiritual kind of governmentality named “virtue” to address 
the issue of climate change: combating deforestation, conducting reforestation, and doing environmental 
advocacy. This paper does not aim to make contrast between the role of state and non-state actors. 
Instead, it attempts to enrich our understanding on the pivotal role of the non state actors in addressing the 
issues of climate change. 
 
Heather Brown hbrow33@lsu.edu LA State 
An Analysis of Risk Perceptions and Attitudes towards Climate Change among Residents of 
Southeastern Louisiana 
Climate change, especially in the form of sea level rise, is a growing area of concern for communities 
living within coastal areas, which will be of the first to experience its effects. Areas of high vulnerability, 
such as Southeastern Louisiana, are prime locations to initiate research in determining what factors make 
an individual both more or less vulnerable to natural disasters and environmental hazards. Alongside 
understanding what factors create vulnerability for individuals and communities, looking into the reasons 
why certain people agree or disagree with the topic of climate change is necessary in understanding the 
concept of the climate change risk perceptions of the general public. The level of risk perception for 
climate change is reliant on the knowledge of causes of climate change, the consequences brought upon 
by climate change, and the extent in which individuals feel that the effects of climate change will be 
harmful to their lifestyles. 
This presentation will aim to answer the following research questions. To what extent are residents 
concerned with climate change? Does geography affect risk perception? What factors/variables account 
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for variation in level of concern for climate change? Does experience with hazards in the past 
significantly affect one’s risk perception overall? This analysis is specifically related to the residents and 
geographical factors within the zip codes around that of Lake Pontchartrain located in Southeastern 
Louisiana. Multivariate regression analysis was used to determine which factors (socio-economic, 
demographic, ideological, political affiliation, awareness of hazards, environmental quality, elevation) 
account for variation in attitudes and risk perceptions concerning climate change. This type of research is 
important because it helps to target the individuals that show the greatest vulnerability and least amount 
of adaptive capacity towards climate change, in which adaptation initiatives and educational resources can 
be targeted towards the appropriate communities. 
 
Joshua  Griffin pjgriff@uw.edu UW 
What is a “sector”? Reassembling “the cultural” in climate adaptation research and practice. 
What constitutes the cultural dimensions of climate adaptation? Is “culture” a thing which poses a 
definitive limit on climatic adaptation (Ford, 2009)? Or is “culture” better understood as a means, a set of 
practices, dispositions, and values through which human communities relate to their environment and 
seek to make a way within it (Adger et al., 2013)? In the last decade, the literature on human dimensions 
of climate change in the North American Arctic has grown to be dominated by single-sector approaches 
to vulnerability and adaptation which perpetuate an ahistorical, neo-functionalist approach to culture, 
which has long been challenged by cultural and environmental anthropologists alike. But, rather than 
abandoning “the culture concept” altogether, climate adaptation researchers might begin to “reassemble” 
(Latour, 2007) the interconnected domains of perception, practice, and values which together constitute 
the myriad and emerging cultures through which human communities make and remake their relation to 
place. Drawing on two and a half years of applied fieldwork with the Iñupiaq community of Kivalina, in 
Northwest Alaska, this paper offers a case study of contemporary climate adaptation praxis, with 
implications for our understanding of “the cultural” in the Anthropocene. 
 
Jeff Kessler jkessler@ucdavis.edu UC Davis 
What I learned from an 11-year old: Climate Change and Renewable Energy Education 
The California Public School System has no requirements for standardized science testing at a 6th grade 
level; there is therefore limited motivation for science education to take place. Through the National 
Science Foundation Graduate STEM Fellows Program, I worked closely with one 6th grade classroom in 
the Sacramento Unified School District to teach students about Renewable Energy and Climate Change 
topics, and to create scalable, implementable lessons. Using an active, hands-on learning environment, 
students were introduced to material associated with Life-Cycle Assessment, Energy, Force, Power, 
Electricity Generation, Climate Science, and Renewable Energy Technology. Climate and energy 
modeling played a key role toward the later half of the class in which students explored climate change 
through models and hands-on learning. Making use of scenario models and role-playing, students were 
able to discuss climate change implications as a group, and learn about adaptation strategies alongside 
emission reduction options. Students were regularly exposed to relevant news articles dealing with 
renewable energy and sustainability topics, and were required to synthesize and critically evaluate data 
and information associated with renewable energy and climate change. In-class quizzes were used to 
assess learning objectives and further tailor lessons to better achieve learning goals. Over 2/3rds of all 
students demonstrated significant improvements in understanding for both Earth science and physical 
science topics, and 60% of the class demonstrated exceptional understanding of topics. This is indicative 
of an effective approach for engaging students in climate-relevant education, and that the material 
presented to students is age-appropriate. An end-of-year survey was issued to students to assess which 
learning modules they found to be most engaging and effective. 
 
Graise Lee Jenni graise@gmail.com NC State; visiting UW 
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Climate change and informed conservation decision-making in open pine systems in the 
Southeastern United States 
Creating a sustainable conservation landscape in the Southeastern United States (SE) requires fostering a 
decision-making environment that applies climate science to achieving conservation objectives that 
society cares about. Our project focuses on unraveling the institutional context within which management 
decisions are made to evaluate how climate science is integrated in decision-making. If climate science is 
a factor, we want to understand how information is acquired and possible barriers to accessing and 
sharing information. We explored this decision-making context with open-ended interviews with key 
decision makers and managers of open pine ecosystems in the SE. Preliminary results suggest two key 
barriers to inclusion of climate science in conservation decisions. Some decision makers don’t believe 
that climate change is an issue facing open pine ecosystems as there is little information on how climate 
change impacts these ecosystems and existing information is not always accessible because of security 
concerns (e.g., endangered species, military training). Risk assessment protocols and sharing information 
through a codified knowledge management system can help address these barriers. 
 
Gustavo Valdivia gustavo@jhu.edu John Hopkins 
Between the margins of the state and the heart of science: Paleoclimatology and pastoralism in an 
Andean community 
My paper explores how climate scientists and indigenous herders produce knowledge about climate and 
climate change through their respective cultural interactions with a glacier mountain the southern 
Peruvian Andes. By doing this, it tries to understand the histories and languages that organize these 
representations and how they interact with each other. More specifically, it brings these two areas of 
expertise regarding glacial mountains into conversation through ethnographic work with scientists and 
native pastoralists at Quelccaya — the largest tropical glacier in the world—, located in Cuzco, Peru. The 
Quelccaya glacier has been studied since the 1970’s by Professor Lonnie Thompson, considered the 
world's most distinguished paleoclimatologist and whose studies in this area were pioneer to indicate how 
anthropogenic factors are influencing climate variability on our planet (Thompson et al., 2006). The 
Quelccaya Mountain is located inside the territory of the pastoral Andean community of Phinaya, Cuzco. 
Phinaya, as other pastoral communities, is located precisely in some of the highest altitude zones of this 
region: between 12000 to 16000 feet above mean sea level, where agriculture is usually not possible. 
Since agriculture is not possible in this community, pastoralism is the primary economic activity. The 
territory is dominated by grasslands that are irrigated with the Quelccaya glacier runoff water, and that 
serve to feed the herds of alpacas, llamas and sheep that every nuclear family has in the community 
(Sendón 2006). In recent years, however, the glaciers surrounding Phinaya have begun to retreat. So it is 
expected that the water flows during the dry seasons will be dramatically reduced, and it is possible that 
livestock rising would not be possible in this part of the Andes (Orlove 2008; Huggel et al. 2003). By 
analyzing the social relations, cultural codes, and material resources that are being mobilized for the 
production of knowledge about the glacier by both the indigenous herders and the climate scientists, my 
results problematize the epistemological, cultural, temporal, territorial and ecological horizons that 
determine the role of glacier mountains in the dominant narratives of climate change and climate change 
vulnerability today. 
Andrew Wilcox wilcoxa@wfu.edu Wake Forest 
Biochar production from bamboo: a disruptive agroforestry innovation for increased food security, 
renewable energy generation and carbon sequestration in tropical soils 
Our project aims to implement agroforestry principles in the sustainable management of Amazonian 
bamboo. We are studying Guadua spp. bamboos in the ecological, socioeconomic and cultural contexts of 
Southeastern Peru for their potential as a source of renewable bioenergy through the production of 
biochar. The study builds on the famous legacy of Terra Preta in the Central Amazon and advances 
current research on the topic. Locally, biochar can address rapidly advancing deforestation from 
agriculture and contamination from mining while also providing global climate benefits through carbon 
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sequestration and avoided emissions. 
The initial phases of the project consist of (1) producing significant quantities of different biochar 
formulations, (2) characterizing their chemical and physical properties, and (3) establishing experimental 
parcels in sustainable agricultural intensification and ecological restoration of degraded lands. The 
bamboo kiln represented a substantial technology transfer to Peru and is a multi-feedstock, slow-pyrolysis 
batch design capable of producing five cubic meters per cycle. The chemistry department at Wake Forest 
University and laboratories at Peruvian partner universities will analyze the various biochars. The 
agricultural trials are established at a research center near Manu National Park and involve several annual 
and perennial crops and forest plots. The ecological restoration trials are taking place in a mining 
community, Manuani, and study the impact of biochar on the growth and survival of 7 pioneer tree 
species in mercury contaminated mine lands.  
The implications of an economically viable and ecologically balanced use of Amazonian bamboos extend 
far beyond the deployment of a novel technology and a new useful plant species. Regionally, Guadua 
bamboo could be a single element of a sustainable land use mosaic in an important biological corridor. 
Globally, it could be a replicable and scaleable model for how to generate value from a natural landscape 
while leaving its ecosystem services relatively intact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Session VII: BIOLOGICAL CHANGE 
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Alexander Bergan abergan@whoi.edu WHOI 
The effect of elevated carbon dioxide on the sinking and swimming of a thecosome (shelled) 
pteropod, Limacina retroversa 
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As CO2 increases in the surface ocean causing ocean acidification, many calcifying organisms may have 
diminished capabilities to build and maintain shells or other calcified structures. Studies have repeatedly 
shown that there will be adverse effects of ocean acidification on thecosome pteropods (pelagic 
gastropods), including degradation to shells from aragonite dissolution. Although pteropods have 
negatively buoyant shells, they are able to swim and modify their sinking rates because they have 
parapodia, or wings. Empirical examinations of the ecological and biogeochemical implications of ocean 
acidification on the locomotive ability of pteropods have been few. In this study, shells from the pteropod 
species Limacina retroversa were observed to become more opaque and to develop holes after exposure 
to laboratory CO2 manipulations to 800 ppm (medium) and 1200 ppm (high), while shells from the 400 
ppm (ambient) treatment were generally transparent and whole. A high speed video was used to measure 
sinking velocity of pteropods from the three CO2 treatments, alive after a captivity of 26-27 days. The 
average terminal velocity of pteropods with their wings withdrawn was observed to be significantly 
higher for pteropods exposed to the ambient CO2 level than those exposed to medium CO2, and the 
sinking velocity was most depressed for the high CO2 treated pteropods. Deployed wings retarded an 
animal’s sinking to an extent that depends on the angle and muscular rigor of the wings. Additionally, a 
variety of behaviors were observed and the locomotive ability (swimming speed, duration, and wing beat 
frequency) of L. retroversa was examined from each treatment group. Ocean acidification induced 
changes to the shells of L. retroversa could potentially decrease predator avoidance and increase energy 
expenditure. At higher latitudes, where Limacina pteropods are particularly abundant, slower postmortem 
settling rates could alter the carbon cycle by delivering less particulate carbon to depth. 
 
Robert Mason robert.mason1@uqconnect.edu.au U Hawaii 
Prediction of Coral Bleaching Using Satellite Remote Sensing 
Reef-building corals are a symbiosis between dinoflagellate algae (the symbionts) and coral animals (the 
hosts). Coral bleaching, the expulsion of the algae from corals during stress, threatens tropical coral 
ecosystems. The scientific consensus is that recent large-scale coral bleaching events (over the past three 
decades) are the result of elevated ocean temperatures, often in combination with high irradiance. 
Together these factors cause a breakdown in the pathways of photosynthesis in the algae of corals, 
leading to a build-up of light-induced toxins in both algae and coral. Satellite-based radiometers can 
detect both sea surface temperature and light levels. Therefore, it is possible to predict the occurrence of 
coral bleaching using this satellite-provided information. Here I present experimental work leading to the 
development of an algorithm for the prediction of coral bleaching using satellite remote-sensing. The 
ability to predict coral bleaching is an important tool for coral reef managers who are grappling with the 
increasing local and global stressors faced by reefs. Beyond coral bleaching, this algorithm may 
ultimately have applications for predicting stress caused by climatic warming and high solar irradiance in 
other primary producers, such as seagrasses and terrestrial plants. 
 
 
 
 
 
Michael Tillotson mdt3@uw.edu UW 
Environmental influence on juvenile growth, age at migration and survival in sockeye salmon 
(Oncorhunchus nerka): Implications for population level productivity and fisheries management 
The sockeye salmon ecosystems of Bristol Bay, Alaska, are home to one of the largest and most valuable 
salmon runs on the planet, and the region’s economy is almost entirely dependent on this resource. 
Climate has been shown to play a key role in determining sockeye (Oncorhynchus nerka) abundance, run 
timing and spatial distribution which in turn influence the profitability of the fisheries. Thus, climate 
change has potentially significant implications for the future of the fishery and the communities it 
supports. Identifying adaptive strategies for resource users and managers requires an understanding of 
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what future climate conditions are likely to be, and how salmon populations will respond. Predicting 
population level responses to change in salmon is particularly challenging because of the complex, 
anadromous life cycle of the genus. In Bristol Bay rising temperature is likely to increase the scope for 
growth and survival during portions of salmon life cycle. However, interactions between age, size and the 
timing of ontogenetic shifts may also result in unintuitive outcomes. We explored nearly 50 years of 
climate, abundance, size and age composition data for the Kvichak River to examine the influence of 
climate variability during freshwater residence on juvenile growth, age at seaward migration and 
subsequent marine survival. Despite evidence of size-selective marine survival and a positive influence of 
temperature on juvenile growth, population productivity was not correlated with temperature during 
freshwater residence. A negative correlation between fry size and age at seaward migration likely negates 
the potential marine survival benefits of increased growth, as younger individuals are more susceptible to 
early marine predation. Our findings suggest that population level responses to climate change can be 
unintuitive in species with complex life histories. To be effective, management responses to a changing 
climate must account for these complexities. 
 

Eric Ross ejross3@wisc.edu UW Madison 
How backyard birders are helping us understand the regional impacts of climate on bird migration 
phenology 
The timing of many springtime events throughout the world is shifting due to climate change. Studies 
have shown that since the 1930’s, the timing of when migratory birds arrive to their breeding grounds has 
been getting earlier for many species. However, many of past studies rely on observations from a limited 
number of sites or banding stations and often focus on a single metric of phenology, first arrival date. 
Using data from Project FeederWatch, a continental-scale citizen science program focused on wintering 
birds, we analyzed observations from hundreds of backyards over a twenty-three year period (1990-2012) 
to characterize the migratory front for five temperate migratory bird species. After calculating the 
difference between two threshold-based metrics of arrival we correlated both arrival timing and migration 
speed in relation to a suite of climate variables on their overwintering grounds. We found support for the 
importance of multiple climate conditions on several aspects of migration fronts, which often included 
minimum temperature during the week immediately preceding arrival and total precipitation over the 
month before arrival to the breeding grounds. Additionally, we found that during years with early first 
arrival, migrants appeared to trickle into the breeding ground over several weeks. Conversely, during 
years of delayed spring arrival, the pace of migration was more abrupt and characterized by a reduced 
temporal window between the first and median arrival dates. Our findings suggest that many past studies 
ignore critical information on the influence of overwintering climate conditions on the entire migratory 
front. We predict that migratory fronts of short-distance migratory birds will arrive earlier and become 
less pronounced under projected climate change. Additionally, our study provides support for the 
continued use of citizen science projects to investigate ecological responses to climate change at broad 
spatiotemporal scales that would otherwise often be unfeasible. 
 
 
Posters (alphabetical by last name): 
 
Pamela Barrett barrettp@uw.edu UW 
High-CO2 vents in a coral reef ecosystem: A natural ocean acidification experiment in the western 
tropical Pacific 
Pacific island communities are economically and culturally dependent on coral reef ecosystems, which 
provide habitat for commercial and subsistence fisheries and often represent an integral aspect of tourism-
driven economies. Maug is part of the Northern Mariana Islands and consists of three small islands that 
form the outer ring of a submerged volcano. In 2003, a high-CO2 hydrothermal vent system was observed 



	   47	  

in shallow-water reef habitats in the Maug caldera. The site was identified as a location for an “in situ 
ocean acidification experiment” to observe changes in the local coral reef ecosystem arising from 
prolonged exposure to increased temperature and decreased pH. Gradients in pH and shifts in the coral 
community composition around vents sites have been mapped. Water sample analysis revealed 
temperatures of 45°C–63°C near vent openings and pH values as low as 6.1, significantly warmer and 
more acidic than surrounding waters. In the immediate vicinity of the hydrothermal vents, no corals were 
observed and the benthic habitat was sandy and algal-dominated with lower fish biomass. Coral of the 
genus Porites rus dominated coral-inhabited sites closest to the vent fields. In mesocosm experiments, P. 
rus has been found to be more resistant to thermal stress and have high survival and calcification rates 
under high-CO2 conditions compared to other genera of coral. The narrowing of coral genetic diversity 
within coral reef communities in a high-CO2 ocean is likely to impact other dependent species such as 
fishes and crustaceans. 
 
Erica Escajeda escajeda@uw.edu UW 
Timing is everything: identifying phenological shifts in denning chronology of polar bears (Ursus 
maritimus) in Baffin Bay 
Climate change is dramatically altering the phenology—the timing of seasonal activities—of species at a 
rate that may outpace their ability to adapt. These effects are especially pronounced in the Arctic where 
the sea ice is rapidly decreasing in extent, thickness, and seasonal duration. For polar bears (Ursus 
maritimus), the sea ice serves as a vital hunting and migration platform and reproduction is directly 
associated with the timing of ice break-up in the spring. Female polar bears time their emergence from the 
den to coincide with the spring seal pupping season and solitary adults use the ice to find mates. Earlier 
retreat of the sea ice due to climate warming will have cascading effects on the timing of these important 
life history events and could impact the stability of polar bear populations. The effect of climate change 
on polar bear reproductive phenology is poorly understood and research is needed to address this 
knowledge gap in order to determine the role of phenological changes in the mitigation/exacerbation of 
polar bear decline in the Arctic. This study will use satellite telemetry data collected from two polar bear 
populations, Baffin Bay and Kane Basin, to elucidate any shifts in denning chronology as a result of 
earlier sea ice break-up. Our specific objectives are to: 1) characterize maternal den site attributes of the 
Baffin Bay and Kane Basin populations; 2) identify the entrance and exit dates from the dens using 
temperature and location data; 3) compare the results to historical data; and 4) inform the local 
government and communities of Baffin Island and West Greenland of critical denning habitat of polar 
bears. Data analysis is currently underway and is expected to be complete by fall 2014. 
 
Sara Fowell s.fowell@noc.soton.ac.uk Southampton 
Reconstructing long and short term variability in the Caribbean Sea surface temperature and pH 
using the Sr/Ca, Li/Mg and boron isotopic composition of Siderastrea siderea coral skeletons 
Global climate change is imposing a cocktail of environmental stresses on coral reefs; particularly ocean 
warming and ocean acidification. Global-mean sea surface temperatures increased by 0.1°C per decade 
from 1971-2010, coupled with a decline in pH from 8.2 to 8.1 since 1850. Satellite data shows that the 
Sapodilla Cayes, Belize, has seen greater temperature increases of up to 0.9°C from 1982-2009, which 
has had a detrimental impact on coral calcification. The response of corals to these impacts has been 
shown to vary across a reef ecosystem, with coral calcification and mortality varying with distance from 
the shore. A greater understanding of the local response is therefore clearly needed to form specific 
policies in order to protect this sensitive ecosystem. However, sparse temperature and pH observations 
make it necessary to reconstruct past ocean conditions using more indirect methods. 
Here, Sr/Ca and Li/Mg in the skeleton of the coral Siderastrea siderea in the Sapodilla Cayes is used as a 
palaeothermometer across 3 major reef zones. In addition, the boron isotopic composition of the same 
samples are used as a proxy for seawater pH. Century long annually resolved samples, and high resolution 
bi-monthly samples allow us to distinguish between seasonal- and multi-decadal variability in local 
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conditions, and to identify global signals of ocean acidification and SST change. 
Previous culture-based studies have shown that S. siderea displays greater sensitivity to ocean warming 
than to acidification. By applying temperature and pH proxies to generate reconstructions from the 
century long cores, coupled with measures of coral calcification, we are able to gain vital insights into the 
causes of the observed secular changes in skeletal growth. Observations such as these are key in reducing 
uncertainty in projections of the impact of anthropogenic change on this important reef builder in the 
coming century. 
 
Hilary Hayford hayford@uw.edu UW 
Behavior ameliorates thermal stress when tidal cycle shifts microclimate 
The capacity of an organism to regulate temperature through behavior is often overlooked when 
predicting the effects of climate change. Tidal cycles offer a predictable change in microclimate that can 
be used to test the behavior of animals in their natural habitat. I hypothesized that snails foraging in the 
intertidal would be constrained by high temperatures and long durations of aerial exposure. I added a 
common predatory snail, Nucella ostrina, to artificial concrete islands in the intertidal and forced snails to 
choose between barnacle prey placed on western or eastern faces of blocks on each island or to shelter 
and go without feeding. Snail behavior and barnacle mortality were monitored daily for two months. I 
found a periodic foraging pattern that followed the 14-day lunar tidal cycle and correlated with reduced 
thermal risk. Snails exhibited foraging peaks when aerial exposure time and/or aerial temperature were 
minimized. The percentage of snails foraging on one substrate face or the other coincided with timing of 
the low tide; snails fed on the cooler western faces when low tides occurred in the morning, and on 
eastern faces during afternoon low tides. Barnacle consumption rates mirrored this spatiotemporal 
foraging behavior. My model predicted mobile organism presence and location: snails foraged during the 
days of the tidal cycle least likely to be hot and selected the coolest available surface when foraging. 
These results suggest that N. ostrina alters its behavior to capitalize on relatively small-scale differences 
in microclimate, maintaining a foraging pattern that consistently minimizes its exposure to hot aerial 
temperatures. Consequently, predation pressure on barnacles changes in space and time. If temperatures 
increase, mobility may give this predator an advantage over its sessile prey. Mechanistic climate change 
models should include ameliorative behavior when predicting changes in both population distributions 
and dynamics of species interactions. 
 
Shirley Leung shirlleu@uw.edu UW 
Linking phytoplankton community structure and global ocean carbon export rates via satellite 
A key mechanism that drives the influx of CO2 into the ocean is the biological pump, in which 
phytoplankton take up CO2 and export it to the deep ocean for long-term storage as the resulting 
particulate organic matter (POM) sinks to depth. These productivity-driven export fluxes are large enough 
to increase concentrations of dissolved inorganic carbon at depth, making accurate quantification of 
biological pump strength crucial to understanding the role of the ocean in the global carbon cycle as well 
as its response to anthropogenic additions of CO2. In spite of its importance, mechanisms governing the 
sinking and decomposition of POM throughout the ocean are poorly understood and only crudely 
represented in global biogeochemical models. Specifically, these models do not account for variable POM 
remineralization profiles and export rates with differing phytoplankton species present at the surface, in 
part because it is unclear exactly how different phytoplankton community assemblages affect these 
parameters. In order to clarify this relationship, we quantitatively investigate how phytoplankton 
community structure and size distribution control primary productivity as well as carbon and nutrient 
export rates throughout the global ocean. Using satellite observations of particle size distribution, 
phytoplankton species frequencies, and net primary production, we derive an empirical relationship 
between phytoplankton community size structure and POM export and remineralization rates which can 
be added into global biogeochemical models in order to see how phytoplankton size-dependent POM 
decomposition rates affect global carbon and nutrient distributions as well as new phytoplankton 
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production. These models would also be able to help answer the question of how climate warming-
induced shifts in phytoplankton community composition will affect future ocean carbon export and 
storage rates. 
 

Alexander Lowe alowe70@uw.edu UW 
Covarying effects of salinity fluctuations on nearshore organisms: linkages between oceanography, 
primary productivity and pH 
The mixing of oceanic water masses with freshwater runoff from rivers in estuaries creates complex 
physical and chemical environments to which nearshore organisms must adapt. Owing greatly to human 
activity, ocean and river inputs have changed, causing significant changes to nutrients and food 
availability, temperature, salinity and pH, among other things. These long-term trends are suggestive of 
future oceanographic changes, yet the ecological response and corresponding feedbacks on coastal 
oceanography are unknown. Will there the magnitude of temperature, osmotic and pH stress change? Will 
food availability that provides the energy essential for responding to stress change? Potentially yes. But 
things get messy once ecology gets involved. Using data collected in the San Juan Archipelago (SJA), 
WA, a semi-enclosed estuary marked by complex bathymetry and strong tidal mixing of oceanic and 
riverine waters, we show that local phytoplankton biomass is strongly related to salinity fluctuations. 
When salinity drops below 30 ppt, phytoplankton biomass is significantly higher than when salinity is 
above 30 ppt, consistently across tidal and seasonal timescales. The decreased water density overcomes 
strong tidal mixing, thus leading to stratification and a better environment for phytoplankton to soak up 
sunlight and CO2. This simple mechanistic threshold may improve models of future changes to estuarine 
systems. High phytoplankton biomass was associated with high pH in the low salinity water. We used this 
threshold in concert with long-term records of freshwater input and salinity to hypothesize a long-term 
increase in primary productivity and increased frequency of higher pH water in the SJA over the last 75 
years. Under this hypothesis, increased primary productivity simultaneously ameliorates pH stress and 
provides more energy to consumers, potentially offsetting stressors caused by climate change. 
 
 


