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          When I was a sophomore at Bowdoin College I took a community based hydro geology class in which the majority of the class work was a field research project, focusing on a local polluted watershed. My group of three students developed an instrument network to establish a stream discharge history of the different components of the watershed. This involved going out into the field, especially after big rain and snow melt events, and measuring stream velocity/depth profiles. We then developed a rating curve (reference water height vs. discharge curves) for each stream and used these curves to establish a discharge history from pressure transducer (stream water depth) data. In addition to taking field measurements, I created and implemented the algorithms to calculate stream discharge from our velocity/depth profiles and developed software to automatically plot the future discharge histories. Our results were presented to members of the College and local community as a poster presentation and in a term paper.


I studied abroad in New Zealand during my junior year and partook in a small scale study of the concentrations of various chemical species in several aquifers and streams as a part of my environmental chemistry class. The results were presented in a poster presentation.

I partook in a Research Experiences for Undergraduates program at Woods Hole Oceanographic Institute. My research was in the department of Physical Oceanography and focused on the transfer of momentum across the air-sea boundary. I was given a data set from a project designed to analyze the specifics of the vertical velocity profile due to a surface wind stress. I worked independently, first focusing on data quality control and instrument inter-comparison and then on some routine time series analysis. The data was taken from a shallow coastal embayment that was connected to another colder and saltier water source via a canal. Tidal forcing essentially acted in one dimension, pulling the water in and out of the embayment. And because the water was shallow, the amount of salty cold water which was pulled past the data buoy was depth dependent due to bed friction. Understanding these dynamics was a worthwhile digression in the broader context of the project because stratification which varied with the periodicity of the tides shifted the flow in and out of the stratified shear regime and also meant the specifics of bottom boundary velocity shear had a strong temporal variability due to both mean flow strength, accelerating/constant flow regimes, and stability associated with stratification. These physics were not appreciated or anticipated by those who proposed the project. Through time series analysis and writing simple physical models, I made substantial progress at understanding the pertinent bottom boundary dynamics at play, not only in the context of the project’s advancement but as interesting and not necessarily well understood physical processes in their own right. My results were written up in a 30 page paper and presented to WHOI faculty and other Summer Student Fellows.   


During my senior year at Bowdoin, I did a year long honors research project. I looked at how the temporal sampling of atmospheric carbon dioxide biases the observed records relative to modeled records. Because atmospheric observations are only made when the wind blows from a non-polluted (representative of large scale air masses) sector, observed records differ from the temporal mean concentration at that site. In contrast, when scientists model the carbon dioxide concentration, they compare the mean of their model output at a site to the observed record. This bias has implications for carbon fluxes which are constrained through inverse methods. In particular, I was interested in how this bias would affect the inter-annual variability of carbon dioxide and carbon sources deduced from inverse modeling. This question had not previously been considered.


My adviser introduced me to some modelers at NCAR who let me use their model output and I then composed a theoretical case study using Green’s function analysis.  My adviser was an observationalist and, though very well versed in theory, I directed most of my questions to the modelers directly. In addition to learning the mathematical tools of forward and inverse modeling, I learned the value of collaboration. I am grateful to the scientists who helped to answer my questions and I believe they too benefited from my results and our mutual interactions.  My honors work was presented in 115 pages of written work published at the Bowdoin College library and through a public presentation. Upon review by the Department of Physics, I was awarded highest honors. 


During my senior year I also pursued a semester long project in experimental physics. Our department had purchased some equipment to establish a Mossbauer spectrometer a decade back. Mossbauer spectrometry involves looking at the hyper-fine quantum states associated with nuclear (gamma-ray) transitions. The energy associated with these hyper-fine transitions are on order 17 magnitudes smaller than the total energy of the nuclear transition and therefore not directly measurable on a gamma ray detector.  Instead, a radiation source is Doppler shifted with source speeds of order 1mm/s and the radiation absorbed by the sample is deduced from measurements of the scattered radiation intensity. The system involved many different components, both physical and data integration. I worked with the resources the department had to ask what could be used to replace the missing components, sometimes fabricating the pieces I needed in the machine shop. Most notably, I composed a velocity calibration system that utilized a laser interferometer and was capable of measuring source velocities to with in one visible light wavelength over the period of forced source oscillation. That project was an amazing experience because it really made me think about instrumentation at a fundamental level. I was awarded the Bradley Noel prize for excellence in experimental physics for this work.


For the duration of an 8 month field project, I worked as a developmental technician at Scripps Institute of Oceanography as a member of a 17 person research group. Our immediate group preformed in situ measurements of water pressure and velocity in the surf zone of Black’s Beach, La Jolla, California. 


My duties included instrument fabrication, installation, maintenance, recovery, and public relations. I machined and welded instrument frames and markers from plans as well as designing some components from scratch. Most of my work involved going into the surf zone with other field members and keeping the instruments and frames in working order. I also performed bathymetric and beach surveys and helped with the deployment and recovery of Lagrangian surf zone drifters. More than anything else, I learned how to be a part of a team of dynamic people, each with their own set of skills and crucially dependent on each other. A significant part of my work was talking to the public who utilized the beach. I found that most people were receptive to learning about the science being studied. However, it was challenging to convey the importance of our work to those who were uninterested and upset about the instruments infringing upon their recreational area.  That made me rethink why the science was truly important for the greater good of society as opposed to just the scientific community. Though most of my work was physical labor, I was in very close contact with the scientists and we shared ideas about the pertinent science. I also become part of the broader research community at Scripps, attending lectures and interacting with many oceanographers both in and outside of the near-shore community.  


Most recently, I have been involved in many projects, both theoretical and experimental at the University of Washington. My primary research group thinks about mechanisms of abrupt climate change during the glacial and I have written (always from scratch) energy balance models, spectral spherical  barotropic normal mode models , multilevel baroclinic normal mode models, and am currently writing a time dependent linear two level model of eddy mean flow interaction. I have also analyzed GCM output with consideration of heat transport and eddy activity. On the experimental side, I have aided in the fabrication, deployment, maintenance and recovery of a dense network of mixed (snow and rain) precipitation gauges in the Olympic mountains, that will aid our understanding of spatial variability of orographic precipitation. I have also preformed glacier surveys and set up sonar snow depth networks around the terminus of Blue Glacier, Mt. Olympus, Washington, to help in tracking recent changes in glacier extent. I will spend six weeks in Greenland this spring drilling an ice-core and monitoring atmospheric aerosols. I have developed the above collaborations through my own interest in the systems being studied and through the experimenters desire to have me on board both as someone who can contribute and trouble shoot in the field and as someone who offers a unique physical perspective as a self titled modeler. 

