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0BProposal Summary
From ROSES NRA Appendix A.35, p. A.35-5

The NAS Decadal Survey of Earth Science recognizes atmospheric mercury as an unaddressed air pollution problem, and proposes a new campaign of in-situ and remote measurements to constrain flux and transport models.  We will develop a new in-situ sensor of Total Gaseous Mercury (TGM) with options for Gaseous Elemental Mercury (GEM) and Reactive Mercury (RM).  The sensor can be deployed in the troposphere to complement trace pollutant measurements from remote sensing.  This powerful combination will map mercury transport and deposition with unprecedented temporal and spatial resolution.  

Existing mercury monitoring uses a sparse network of stationary sensors based on Cold Vapor Atomic Fluorescence Spectrometry.  The instruments’ expense, physical size and power requirements make them impractical for wide-scale deployment or use on mobile platforms.  Their sampling time resolution is low, and there are critical ambiguities about sensitivity to different mercury forms and species.  

The proposed mercury sensor will leverage UV absorption spectroscopy to permit stable calibrations and sample cycles on the order of seconds.  New intake and pyrolyzer technologies will disambiguate particulate-bound and reactive mercury forms.  Mass and cost are considerably reduced, facilitating “casual” installed deployments along commercial transport routes.  This could significantly improve spatial and temporal coverage.  Potential deployment platforms include tropospheric commercial cargo aircraft (prop planes), cruise ships, ground transport, news helicopters, and airships.  The instrument package will operate autonomously, logging and downloading data for assimilation. This will enable the first permanent sustained multi-altitude observation campaigns of tropospheric mercury.    In-situ measurements are combined with observations of CO for source attribution to identify anthropogenic plumes.  This will provide unique new insight into mercury fluxes and trans-oceanic transport processes, giving NASA key tools to understand the atmospheric transport science behind a major and growing public health threat where sources and deposition are separated by highly variable small to intercontinental distances.

1 1BScientific/Technical/Management 

1.1 6BApplicability to Earth Science Measurements
Mercury is an important human health concern.  The most significant exposure route is through consumption of high trophic level fish (Mergler 2007).  Mercury accumulates in fish mainly as methylmercury via reductive assimilation of inorganic forms in aquatic systems.  Even in the absence of local sources, fish in remote areas have relatively high Hg concentrations due to global atmospheric transport  and deposition of Hg (e.g. Schwindt et al., 2008), and nearly all states in the US have fish consumption advisories due to elevated Hg concentrations (http://www.epa.gov/waterscience/fish/advisories/).    However there are large uncertainties in the sources, chemical processing and deposition of atmospheric Hg (Lindberg et al 2007; Keeler 2009).  In addition observations of atmospheric Hg are sparse and measurement technologies have not advanced in the past decade (Jaffe 2009; Lyman 2010).

Industrial emissions of Hg are approximately 3400 metric tons/year globally, but China alone accounts for 44% of global anthropogenic emissions due to coal burning and other unregulated industrial processes (Jaffe et al 2005; Selin et al 2008).  While emissions in the US and Europe are currently decreasing (US EPA) emissions in China are increasing 3%/year (Wu et al., 2006).  These emissions can be directly transported to North America (Jaffe et al 2005; Weiss-Penzias et al 2007) and ultimately contribute 20% of the deposition to US ecosystems (Strode and Jaffe 2008).  From these results it is clear that Hg is a global pollutant that must be regulated accordingly.  Currently the UN Environmental Program has initiated negotiation for a global mercury treaty (see Hhttp://www.chem.unep.ch/mercury/H).  Once this treaty is negotiated, it becomes essential to have an adequate observational network in place to ensure compliance by all parties (Keeler 2009).
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Mercury in the air is measured as three operationally defined forms, gaseous elemental Hg (GEM), reactive gaseous mercury (RGM) and particle-bound Hg (PHg).  Most measurements show that GEM is the dominant form of Hg in the air.  RGM and PHg are more readily removed by wet or dry deposition compared to GEM, and thus have shorter lifetimes.  We refer to the sum of RGM and PHg as Reactive Mercury (RM).   All forms are emitted from industrial point sources (Pirrone and Mason, 2009, AMAP/UNEP, 2008) while GEM is thought to be the dominant form released from terrestrial and aquatic sources.  RGM is formed by reactions with atmospheric oxidants, but there is considerable uncertainty on the processes involved (Lindberg 2007; Pirrone 2008).

A major challenge in understanding Hg is the problem of sensing it in the atmosphere [Lindberg 2007, Pirrone 2008].  Existing monitoring uses stationary ground-based sensors manufactured by the Tekran Corporation that use a Cold Vapor Atomic Fluorescence Spectrometry (CVAFS) technique [Landis 2002].  These stations have several important shortcomings.  First, due to the expense of a permanent installation, coverage is sparse and there are few measurements in the free troposphere (Keeler 2009).  The CVAFS sensors’ expense, physical size and power requirements preclude widespread or mobile installations.  Their time resolution makes it very difficult to capture fine-scale variations seen during typical flight patterns.  Additionally, there is considerable uncertainty about the abundances and interaction of mercury’s various chemical forms. Mercury in the troposphere is present in very small concentrations (1-3 ng/m3).  Current sensors’ sensitivities to GEM, PHg, and HGM and particulate forms are poorly quantified [Temme 2003]. Factors such as inlet design and ambient weather may affect results.  Calibration and operation generally requires oversight by a trained operator, and different operational protocols can also bias the measurements.  

There have been a small number of Hg observations by aircraft (e.g. Ebinghaus and Slemr, 2000; Banic et al., 2003; Friedli et al., 2004; Swartzendruber et al., 2008; 2009; Radke et al 2007; Talbot et al., 2008).   Generally these observations are made at low time resolution.  Instrumentation being developed by the PI is providing the highest time resolution aircraft data available for TGM and RM (Swartzendruber et al 2009).   Further we are the only group that is currently using HgX2 compounds for routine calibration of RM sensors.  However these observations are complex, expensive and there are questions concerning the comparability of observations across groups (Jaffe 2009; Gustin 2010).  

The most extensive aircraft observations of Hg have been made by the European consortium of CARABIC (Hhttp://www.caribic-atmospheric.com/H).  These observations are made on an in-service commercial Lufthansa aircraft based out of Frankfurt Germany.  As a result, the vast majority of these observations have been made over European airspace and over a few intercontinental routes in the upper troposphere (e.g. Slemr et al 2008).  This program conducts almost no sampling in the North Pacific, where the bulk of the Chinese emissions are transported prior to arrival to North America (Jaffe et al 2005; Jaffe and Strode 2008).  These sensing challenges mean there is a lack of data to validate mercury oxidation and deposition models.  Relative to other trace contaminants, we have poor knowledge of mercury’s transport, spatio-temporal behavior, and the fluxes of anthropogenic and environmental sources and sinks.   Effective mercury regulation and control will require a new sensing network with broad spatio-temporal coverage and incorporating coordinated observations other anthropogenic emissions for source attribution [Keeler 2009].   
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The NASA Earth Science Decadal Survey recognizes this need explicitly.  It states: 

We will develop a new in-situ sensor of Total Gaseous Mercury (TGM) for deployment in the troposphere to complement trace pollutant measurements from remote sensing.  In addition we will develop a capability to configure this sensor to detect Gaseous Elemental Mercury (GEM) and Reactive Mercury (RM).  This powerful combination will map mercury transport and deposition processes with unprecedented temporal and spatial resolution.  The Atmospheric Mercury Vapor Sensor (AMVS) will leverage UV absorption spectroscopy, providing calibration stability and high time resolution sampling.  Reduced mass, power requirements and cost will permit “casual” installed deployments as a network that will piggyback in an unsupervised fashion aboard commercial cargo vehicles.  This exploits existing transport routes to significantly improve spatiotemporal coverage, allowing orders of magnitude more flights and transects than are currently possible through charter flight investigations. New intake technologies will quantify RGM forms, resolving a major source of measurement uncertainty (Jaffe 2008, Gustin 2010).  AMVS will enable the first permanent, wide-area multi-altitude observations of tropospheric mercury. To our knowledge the proposed sensor would be the first effort to address the NRC goal.  

The proposed sensor offers unique opportunities for NASA and ESD education and public outreach.  Mercury is a tangible, immediate toxicity threat that directly affects public health for communities around the country.  By engaging businesses and the community in transport partnerships, NASA has a unique opportunity to engage the public in any broader monitoring and modeling campaign.  As the dynamics of long-range transport are better understood, and the number of coal-fired power plants continues to increase around the world, there are increased calls for national and international coordination on large-scale mercury sensing networks.  New sensors, with improved accuracy, ruggedness, and calibration sensitivity can realize these goals.   

1.1.1 20BRelevancy Scenario

AMVS offers scalable deployment options ranging from targeted local campaigns to wide-scale installation on multiple commercial vehicles. Potential platforms include tropospheric commercial cargo aircraft (prop planes), cruise ships, ground transport, news helicopters, and airships. There are few aircraft Hg measurements of any kind (Jaffe 2008), and none with high time resolution.  Therefore it is likely that initial test flights conducted during instrument development will already have scientific interest.  Followup campaign options range from local active monitoring of sources in developed areas, to modeling regional effects around topographic features, to large-area model validation campaigns and characterization of long-range transport.  Each of these scales is independently relevant to decadal survey goals.  
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Here we detail a mid-term relevancy scenario as an example “next step” followup campaign.  It would address the specific problem of quantifying Hg/CO trans-pacific transport from Asian anthropogenic emissions (Jaffe 2005; Weiss-Penzias 2007; Selin 2007).  Given the rapid increase in Asian Hg sources (Wu 2006) it becomes imperative to routinely monitor these emissions.  At present no observations in the Pacific Rim region have this capability. Modeling studies and bottom-up inventories alone are not adequate to characterize the emissions (Selin 2006; Strode 2008).  In addition observed concentrations of Hg from the open ocean are poorly modeled, indicating Hg processing and natural sources that are poorly understood (Selin 2007) (Figure 2).

Development of robust and simple mercury sensors will provide the key tools to obtain long-term observations that capture highly variable concentrations at multiple altitudes and under different synoptic conditions.   This data is crucial to evaluate chemical transport models and emission inventories.  

Remote sensing will also play an important role.  Wide coverage satellite observation is a powerful means to attribute mercury concentrations to specific transport events. The AMVS in-situ measurements will be combined with TES and MOPITT CO or O3 products for source attribution to identify anthropogenic plumes.  Remote sensors such as MOPITT now provide global coverage of CO on regular timescales and are ready to be used in this capacity.  Recent studies have already used MOPITT products to recognize long-range mercury transport events (Emmons 2004), and it has sufficient sensitivity to detect changes in the CO background caused by specific plumes.   With both remote and in-situ sensing expertise, our team is uniquely positioned to contribute to Mercury modeling and monitoring effort.  Our scenario includes MOPITT and TES CO measurements coupled with three AMVS sensors installed initially on propeller cargo aircraft flying regular routes along the West coast.  In concert with the tropospheric airborne campaign, three AMVS sensors installed on cargo ships provide marine boundary layer coverage along trans-pacific cargo routes.  These observations could be assimilated using a global Hg chemical transport model, such as GEOS-chem (Selin 2007; Strode 2008).  The sensors will be autonomous, caching data and connecting to local mobile data networks whenever they come in range.  Results will be transmitted automatically by web interface to redundant, geographically-separated data collection archives managed by the Jet Propulsion Laboratory.  Measurements at 15s intervals cover the range of altitudes in the troposphere as aircraft climb and descend.  They will reach an extended geographic area over the course of a 6 month installed measurement campaign.  

This level of coverage will be sufficient to capture multiple discrete long-range transport events from Asia over multiple weather conditions and seasons.  It will produce a true spatiotemporal map of mercury concentrations including both structured fluctuations in the background signal and regional mercury “hot spots” from to sources in populated areas. This measurement campaign will be of immediate value to modelers and lay a foundation for permanent installations and long-term monitoring that will provide critical verification for a global mercury treaty.  

1.2 7BDescription of Proposed Technology
1.2.1 21BTechnology Description

AMVS aims to be a self-contained autonomous sensor requiring minimal support during its installation.  It consists of three main components.  The Inlet system / Pyrolyzer collects atmospheric mercury and converts all gaseous and particulate forms into Total Gaseous Mercury (TGM) for detection.  Next, the Detector and Optics stage measures mercury concentrations using UV Zeeman-splitting absorption spectroscopy.  The Data System provides autonomous control: it manages the system components, logs sensor data, tracks the sensor GPS location, and communicates regularly over mobile data networks to the mission control center.  We detail each of these components in the following section.
1.2.2 22BTechnical Approach

1.2.2.1 31BInlet Subsystem

High time resolution observations of both GEM and RM are highly desirable, since oxidation of elemental Hg is a key process in the global cycle (Swartzendruber 2006; Selin 2007).  This requires a well-designed inlet that can transmit these compounds to the primary detector.  We will develop a sensor for atmospheric TGM and GEM.  We will develop a stand-alone TGM detector as well as a configuration for GEM.  Deployed as a system, the pair will measure TGM, GEM, and RM.  The custom-designed inlet system and pyrolyzer will capture and/or convert all mercury species to GEM before detection (Swartzendruber 2009).   The difference between TGM and GEM gives RM with high time resolution, which is an essential component of the global Hg cycle.   Calibration systems for both elemental and oxidized Hg species (e.g. HgCl2) will be incorporated into the design.
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The standard method for collection of oxidized Hg compounds uses a KCl coated quartz denuder (Landis 2002), however this method appears to suffer from several biases (Swartzendruber 2009; Lyman 2010).  Recent tests in the PI’s lab have found that oxidized Hg compounds can be trapped efficiently with quartz wool at 50oC.  This method will be simpler to deploy and does not suffer the bias found due to O3 in previous work (Lyman 2010).   A separate airflow path (through the pyrolyzer) will measure TGM.  The pyrolyzer consists of a chamber with quartz chips at 500oC, which converts all particle-bound and oxidized Hg compounds to GEM.  The key research issues we will address during laboratory testing are:

· Identifying an inlet that can transmit all forms of Hg with high efficiency.

· Characterizing sensitivity to reactive and particulate-bound mercury forms.

· Verifying robustness against cross-contamination and variable temperature, pressure and airflow. 

· Choosing appropriate RGM compounds to use as a calibration standards and development of stable calibration sources.

Figure 3 shows a schematic diagram of the inlet design. The inlet construction and testing will be performed at the University of Washington.

1.2.2.2 32BDetector and Optics Subsystem

 Long-term unsupervised mobile deployments suggest the following performance requirements:

· Temperature stability over operational environments (-30°C to >20°C ambient)

· <25W average power required during the detection duty cycle.

· Ruggedness to vibration and thermal cycling, verified in lab tests (i.e. shake tables) and flight.

· Detection limits capable of identifying background concentrations < 0.2ng/m³
· Sensitivity to fluctuations <0.1ng/m³ at the detection limit.  This is the precision required to identify mercury enhancement from long range transport events; we will provide this sensitivity to the 2-sigma level for 30s integration times.

· Calibration stability for a deployment duration or self-calibration from an integrated source.
· 15s sample rate to capture all measurable changes at varying altitudes in a climbing aircraft.

The detector module exploits an existing commercial product: the Ohio-Lumex 915+ sensor (Figure 4).  The detector uses spectroscopy based on a Zeeman splitting technique.  Incoherent light from a mercury lamp is split into two circularly polarized paths.  One path is exposed to an atmospheric sample in a multipath Herriott Cell, while the other serves as an undisturbed reference standard.  A differential measurement of absorbed and reference mercury lines provides a stable indicator of ambient concentrations (Figure 5).  
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The original instrument was originally designed to detect concentrated (non-background) levels of ambient mercury, and offers a detection limit of 2 ng/m³. We will apply several modifications to improve the overall detection limit by a factor of 10x, as dictated by our science objective to resolve ambient mercury levels.   Discussions with the manufacturer and our experience with a NOAA unit have determined a minimum and target sensitivity improvement predicted for each modification.  These individual improvements combine approximately linearly.  If each improvement meets its minimum estimate, the project will still achieve the overall detection limit with a small margin.  Depending on how many of these components meet their target, the others may not need to be implemented.  We have based cost and schedule estimates on doing the work to meet minimum improvement in each of these areas.  We detail the modifications here in the order they will be attempted:

1. System parameter adjustments: The manufacturer has previously improved the sensor’s detection limit by altering system parameters such as flow rate and integration time. The AMVS application is also amenable to these changes.  We estimate this improvement as a (minimum) factor of 4 based on the manufacturer’s previous reported tests.

2. Improved pneumatics:  Experiences with the instrument suggest that pressure changes have visible affect on the measurements, and that mechanical modifications can stabilize the cell pressure.  A more stable delivery pump and fittings will reduce variability to provide sensitivity improvements of at least 1.5, as inferred from the observed impact of existing pressure change effects. 
3. Low-loss UV coatings: Initial investigation suggests that increasing the UV reflectivity of mirrors in the Herriott cell will improve detector performance. Typical UV mirrors offer 88-95% reflectivity, which is sufficient for the target applications of the commercial product.  High-performance optical coatings can provide better than 98% reflectivity. These performance coatings can vary from one production run to the next, so laboratory tests will evaluate coated mirrors in a laboratory test setting before installation.  The substitution will permit 2-8 times as many passes through the Herriott cell for sensitivity improvement factors of ~1.5 to ~3. 
4. Temperature-stable light source: NOAA experience suggests that temperature stability of the light source is one limiting factor of the basic configuration (Ryerson 2010).  Substituting a stabilized light source could permit longer integration, higher operating temperatures and possibly higher light input to improve signal to noise.  Based on previous experience building UV spectrometers, we expect this to yield a sensitivity improvement of ~1.5 to ~2.5. 
5. Improved detector sensitivity:  The electronic detector element of the Herriott cell can be replaced more sensitive phase-lock loop detection circuit. This will further improve sensitivity by a factor of at least 1.5.

6. Improved chassis temperature stability:  Thermal insulation will be important to insulate the chassis from changes in ambient temperature.  This will offer improved reduced noise in outdoor weather conditions.  Benefits of this change are difficult to predict so we exclude this from our margin. 
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Tests will reconstruct the optical path on a laboratory workbench.  We will characterize performance of each component to determine expected performance improvements. The laboratory tests will identify “best of breed” component options.  The final sensor package will include any thermal and electrical sensors required to autonomously calibrate the light source and detector, and recognize fault conditions that develop.  Calibration strategies will be documented and autonomous calibration algorithms tested in concert with the data subsystem task to ensure that all steps can be performed autonomously with internal sensor data.  If it is deemed necessary, the detector can also be modified to incorporate an internal mercury calibration source and feed system to allow autonomous recalibration in the field.
1.2.2.3 33BData Subsystem

The data subsystem includes the computing software and hardware for autonomous control.  Our goal of unsupervised, long-term installations means that the device must operate without oversight and with only periodic maintenance.   It may be subject to unexpected changes in its environment such as motion, interruptions in the vehicle power supply, and data network dropouts away from developed areas. Thus, the sensor itself must incorporate basic autonomy features of an autonomous vehicle.  It should control the sensor cadence, manage onboard power, hibernate when necessary, and communicate when appropriate.  It should monitor system health and respond appropriately to faults.

The data system will estimate the current state of the vehicle platform, including its GPS position and the activity in which it is currently engaged (i.e. cruising, landing, parked, turned off).  Probabilistic state estimation (Thrun 2005) will be performed based on data collected from controlled training runs; the learned model will predict the discrete states of the vehicle and sensor health using a Hidden Markov Model (Rabiner 1989).  Continuous state estimation using a Kalman Filter (Thrun 2005) can locate the sensor in space.   The data system will decide at regular intervals to activate and deactivate components, adjust control signals as necessary, and downlink data when appropriate.  If left without vehicle power for long periods, it will hibernate to conserve energy in the internal battery until the next trip. These control decisions are captured using a finite state based executive (Simmons et al., 1998).  It will leverage the Jet Propulsion Laboratory state chart autoencoder (Wagstaff 2008), a framework for automatically generating reliable, error-free executable code using state chart diagrams with provable properties.   The system will consist of COTS components, connected through standard interfaces, including:

· A commercial single-board computer or SBC with integrated storage

· A digitizer board to transform signals from analog sensors

· A data network link and antenna for communications 

· A control board for connection to any actuators in the inlet system 

· A GPS antenna and receiver to track vehicle position

· A flash memory system for logging data.

We will develop the data subsystem concurrently with instrument tests.  The initial integration will incorporate the GPS receiver since this can be developed independently from the inlet and detector subsystems. Benchtop tests will demonstrate sensor control, data logging and responses to injected system faults such as component failures or bad data. The complete inlet system and control will be incorporated during the final stage prior to tarmac testing and the initial observation campaign. 

1.2.2.4 34BFlight testing

The final stage of development will involve integrating the modules described above, ruggedizing the combined chassis for flight, and housing it with the data system.  We will test the entire integrated system on an aircraft platform during a regional field deployment.  We plan to fly the prototype aboard a small private aircraft for 5 flights of 8 hours each during each year of the project, with correlated measurements from the Mount Bachelor Observatory in Washington State.  This observatory maintains a stationary Tekran CVAF device for validating the airborne measurements.  Tarmac tests will demonstrate system integrity and collect ground-level reference and calibration data prior to each flight.  

The PI has worked extensively with several different small aircraft for atmospheric chemistry research, including a Kingair, a Beechcraft Duchess and Cessna aircraft (e.g. Price et al 2004; Bertschi 2005).  Past work includes observations of Hg on the Duchess aircraft in 2006 and 2008 (Swartzendruber et al 2008;2009).  This aircraft is owned by a flight school at Paine Field in the Seattle area, Northway Aviation, which has confirmed its availability to us.  The aircraft owners have worked with us to design and install inlets and power for atmospheric chemistry instrumentation.  Currently this aircraft is configured to provide up to 1200 watts of DC power, which we convert to AC for most of our instrumentation. The aircraft will also be equipped with sensors for CO, O3, temperature and RH.  Using forecast models and real-time satellite data (MOPITT, MODIS, etc), flights can be targeted to identify plumes of Asian origin.  The flight test data will provide important validation for using the CO/Hg ratio from satellites to constrain emissions.  

1.2.3 23BOperational Concept

The AMVS prototype suggests a future sensing network consisting of multiple distributed sensors operating independently.  These sensors communicate over commercial data networks with a central control center in a “spoke and hub” arrangement.  Depending on network availability, these communications could consist of small transmissions every hour or day, with the sensor caching relevant data between communications cycles.  Transport routes are selected to maximize sensor coverage over areas of interest.  Most cargo vehicles such as ground transport trucks, trains, and shipborne traffic follow dedicated routes so the coverage area of each installed sensor will be constant and predictable during the campaign (Figure 6).  Depending on investigation requirements, different installations can use the basic sensor package configured for TGM alone or the two-detector method capable of inferring RM concentrations.  Having multiple vehicle options will also hedge against the risk that participation from any single platform is too expensive due to technical, commercial, or regulatory reasons.  
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Coincident orbital sensing of CO is accomplished through two data products: the TES carbon monoxide data product and the MOPITT sensor providing wide-area coverage (Figure 7).  These provide insight into anthropogenic emission concentrations at a range of vertical resolutions.  The TES instrument provides high spatial resolution and clearly shows column differences within the troposphere.  The ability to identify anomalous transport events and separate anthropogenic concentrations from natural emissions makes it a powerful complement to a mercury sensor network.  The MOPITT sensor provides wide area coverage – the daily MOPITT footprints reach ~20% of the globe, ensuring overlap between cargo routes and space-based data.  The anticipated launch of a decadal survey GEO-CAPE mission will provide even better coverage, with hourly column measurements of the North and South American continents between 45°S and 50°N at approximately 7km resolution (NRC 2007).  Elevated CO combined with an elevated mercury concentration would be a strong signal of a mercury influx via long-range transport from a combustion source, e.g., coal-fired power plants. 
1.2.4 24BPotential Benefits

The benefits of a commensal deployment strategy more than justify the initial investment in a compact, stable sensor.  Flight hours are a primary expense of current field campaigns, and the main bottleneck limiting the data yield of any investigation.  Because flight schedules must be planned weeks or months in advance, it is difficult to capture periodic, isolated long range transport events.  The difficulty of calibrating and maintaining these sensors means that expert oversight is required for collecting validated data.  By alleviating these bottlenecks, AMVS sensing strategies can improve the quantity of airborne tropospheric data by orders of magnitude over status quo techniques. Without affordable concurrent deployment of multiple sensors along many geographic paths, understanding of mercury transport, variability, and paths to deposition the US environment will remain poor.  Any effort to consider future policy alternatives without a strong transport science basis will be fraught with challenges from many parties.  A strong transport science basis can emerge from the data set that can be gathered using the multi-point, accurate and continuous measurement enabled by the kind of instrument we propose.

Other benefits to NASA include commercial partnerships and a broader public education effort made possible by leveraging commercial transportation infrastructure.  By allowing independent businesses to sell or donate time aboard their platforms, NASA can draw these companies into the study, raise the profile of its sensing campaign, and educate the public about remote and in-situ atmospheric sensing.  As a toxin, Mercury’s impact on public health is clear and direct – it is an excellent venue for motivating interest and educational opportunities in atmospheric science.  The sensors themselves require little supervision, so schools or university groups could take custody of individual sensors and manage them as contribution to a long-term installed network. 

1.3 8BComparative Technology Assessment
Existing sensor technology is either unsuitable for pervasive mobile deployments or insensitive to background mercury levels.  We will describe the main competing measurement strategies here.  Table 1 (below) summarizes our conclusions.

Status quo UV spectrometers: Two commercial mercury sensing devices involving UV spectroscopy include the unmodified Ohio-Lumex 915+ and the  Ohio-Lumex RA-915 AM monitoring device.  Tests demonstrate detection of local atmospheric mercury “hot spots” near anthropogenic sources such as mines and smelters.   However, the unmodified Lumex devices are insensitive to background mercury levels (Guestrin 2010).  Moreover, the lack of a controlled, validated inlet mechanism means that sensitivity to RGM and PHg is unclear.  Finally, the unmodified Lumex devices are generally unsuitable for casual deployment aboard tropospheric transports.  The power circuitry does not currently permit use of vehicle power.  Supervision is required during operation, making it unsuitable for multi-week or multi-month deployments. 
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Cold vapor atomic fluorescence: This technique, typified by the Tekran Analyzer Model 2537, is the method of choice for existing ground-based monitoring installations (Landis 2002).  The incoming airstream passes through a PTFE prefilter that protects the later stages against particulate contamination.  An initial collection stage concentrates mercury from the incoming airstream onto a gold film substrate. During the measurement phase of the duty cycle, the concentrated mercury is vaporized and abundances quantified using a cold vapor atomic spectrometer.   This system is capable of achieving the required measurement sensitivity to detect background mercury signals and disambiguate long-range transport events.  However, the excessive requirements on mass (>23kg) and power (>100W) preclude casual or mobile deployments.  Additional barriers include the difficulty of calibrating the collection/vaporization process, which requires a stable mercury source supported by a trained operator.  Finally, it has a slow measurement cycle – a complete measurement requires at least 2.5 minutes.  There is some evidence of nonlinearity at low mass loadings used for aircraft measurements (Swartzendruber 2009b).  Finally, the sensitivity to particulate-bound and reactive gaseous forms varies with inlet configuration so it is also vulnerable to species ambiguity issues.

Cavity Ring-Down Spectroscopy – Prior research has investigated CRDS techniques for mercury sensing, and active development on laboratory testbeds continues (Faïn 2010). To date, these instruments are generally too slow and massive for mobile applications. No commercial model exists and further development and testing is needed (Jaffe 2009).

Two-photon Laser Induced Fluorescence – This technique has shown some initial promise for sensing GEM (Bauer 2002; Bauer 2003).  However, it is still considered a laboratory device and further maturation and evaluation would be required (Jaffe 2009).

	Sensor
	Standard Ohio Lumex 915+
	Tekran 2537
	CRDS
	LIF
	AMVS (Proposed)

	Sample time
	5s
	2.5m
	?
	?
	<15s

	Sensitivity
	2.0 ng/ m3
	0.1 ng/ m3
	?
	?
	<0.2 n / m3

	Mass
	7.5kg
	>23kg
	?
	?
	<10kg

	Power

	15W
	100W avg,, 200W peak 
	?
	?
	<25W

	Inlet
	n/a
	n/a
	?
	?
	Calibrated

	RGM sensitivity
	Unknown
	Unknown
	Unknown
	Unknown
	100% w/ Pyrolyzer

	Sensor autonomy
	No
	No
	No
	No
	Yes


Table 1: Sensor comparison.  Green items satisfy project requirements.
1.4 9BTRL Assessment
The basic system components have all undergone previous independent testing but have not yet been combined or tested thoroughly in the laboratory or the field.   We rate AMVS components’ technology readiness as follows:

· Inlet System / Pyrolyzer component: TRL 5, with proof of concept studies complete, with laboratory and initial aircraft testing (Swartzendruber 2009).

· Detector component: The basic unmodified instrument could be considered TRL 6 since it is a mature commercial technology that has been demonstrated in the field.  The optical component substitutions are more tenuous; they could be as low as TRL 3 in some cases.  Each of the proposed modifications has proven highly effective in other UV applications.

· Data System Component: TRL 5, components are COTS. Software is based on well-understood estimation and control algorithms. 

We conservatively consider the entire, integrated instrument to be the minimum of these rankings, making it a TRL 3 device (detailed design) on entry.  Note that development is likely to be both faster and lower-risk than this rating would suggest because we will probably not require all detector stage modifications to realize our success criteria.  On exit the sensor package will be a TRL 5 device, having undergone system prototyping with preliminary flight tests and ship-board usage.  This technology readiness level will make the system competitive for future Earth science solicitations.

1.5 10BResearch Management Plan

The proposed project is a partnership between the University of Washington and the Jet Propulsion Laboratory, with Ohio-Lumex, Inc. playing a significant role as a consultant and subcontractor on their detector instrument. The University of Washington team will be responsible for the front-end components including the inlet system and pyrolyzer.  The Jet Propulsion Laboratory will be responsible for developing the detector and data system components.  This allows both a clean separation of project responsibilities and a simple, well-defined interface between the two groups’ subsystems.  Physically, the interface consists of a simple pneumatic connection for sample delivery and stock electronic connections for control of air pump and front-end sensors.  The subsystems will be constructed independently at the two institutions during the first year, with independent testing and validation at each facility.  

The two teams will maintain close contact through regular teleconferences and face-to-face meetings as required. Intermediate tasks and milestones include: 

· Front-end (inlet and pyrolyzer) component development and testing

· Initial pyrolyzer and inlet design complete: month 5

· Pyrolyzer complete: month 9

· Delivery of complete subsystem: month 13

· Detector development and testing (cell, lamp, detector)

·    Initial diagnostic tests of Ohio-Lumex sensor: month 4 

· Delivery of complete subsystem: month 13

· Data system development 
· GPS/sensor data logging capability: month 9

· Onboard components, including data radio, complete: month 13

· System integration and tests

· Central control server online: month 15 
· Components installed into chassis: month 16-17

· Calibration window, instrument checkout: month 17

· Field campaign: months 19, 20-23

Note that there are no activities planned for months 14 (prior to system integration) and 18 (prior to test flights).  These periods are explicitly scheduled as margin.  We will report results periodically to ESTC through dedicated technical reports and presentations.  Reporting to the public will include periodic scientific and technical publications through relevant venues.


The PI is responsible for directing science goals of the investigation as well as ensuring that the instrument sensitivity and accuracy is sufficient to meet modeling and monitoring objectives.  An appointed JPL project manager will oversee efforts at the Jet Propulsion Laboratory and report to the PI as required.  Resource allocation will flow top-down within each institution, with the PI retaining ultimate authority.


In addition to the science and technical staff, we will establish a review board consisting of willing consultants with a professional scientific interest in the mercury sensing and modeling problem.  These participants will include representatives from the monitoring, policymaking, and modeling communities, and will meet on a bimonthly basis to advise the PI to ensure development is congruent with community needs and requirements. The external review board will also serve to communicate our progress to the larger mercury monitoring community including potential users of this technology.

1.5.1 25BSuccess Criteria

We aim to achieve the following quantitative objectives: 

· The pyrolyzer stage will convert 90% of RGM and particulate-bound species to TGM.

· The RM scrubbing unit will provide greater than 90% scrubbing capacity for a 10 hour flight time

· The detector will detect atmospheric mercury concentrations to 0.2ng/m3 with a 2-sigma error of 0.1ng/m3 at the detection limit for a retrieval rate of 30 seconds.

· The instrument will collect data under operational conditions at a cadence of at 15s or better.

· The data system will demonstrate instrument control including hibernation, vehicle state estimation, measurement, data logging and opportunistic communications.

These criteria constitute our baseline requirements for adequate system prototype performance during a test flight, and define the threshold to achieving the desired instrument TRL of 6.  

1.5.2 26BSchedule
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RECENT EMPLOYMENT

2008 — present

Senior Staff; Jet Propulsion Laboratory

Systems engineering/Project management for the MSPI
spectropolarimetric imager project. Some Cal/Val work for
MaRS at JPL and OCO at JAXA.

09/2005 - 2008

Member, technical staff; Jet Propulsion Laboratory
Instrumental in pushing airborne Laser Absorption
Spectrometer system from TRL3 to TRL5, including hardware,
programming, airborne flight ops and data analysis. I&T for
MaRS airborne and M3 lunar imaging spectrometers.

2005 - 2006

Technical Advisor to the CEO, SkyGrid Inc

Creation of a global information-dynamics architecture and
retrieval System

11/2003 - 08/2005

Senior Postdoctoral Scholar, Calif. Institute of Technology
Development, construction and testing of Space
instrumentation and materials. Design/development of vacuum
and cryosystems, cherenkov detectors. Some data analysis.
11/2000 - 10/2003

Postdoctoral Scholar, Calif. Institute of Technology

Space radiation instrumentation: development, modelling,
construction, testing. Participation in record-setting TIGER
Antarctic campaigns 2001 and 2003. Development, testing and
characterization of thin Si-based particle detectors. Data
analysis.

05/2000 - 10/2000

Research Associate / Postdoc, UMCP and NASA/GSFC

High energy cosmic-ray research. Flight operations of balloon-
borne particle detector in Lynn Lake, Canada. Data processing,
modelling, analysis. Some computer administration.

06/1995 — 05/2000

Research Assistant, NASA/GSFC, Greenbelt, MD

Development of balloon-borne particle detection
hardware.Testing, calibration, modelling. Flight operations in
Lynn Lake, Canada, summer 199;, data-processing, analysis,
modelling. Also some work on intermediate polars, modelling of
galactic properties from stellar populations. Computer system
administration.

EDUCATION

2000 Ph.D. NASA/GSFC & U of MD

1996 M.S. University of Maryland

1993 Dipl. Physik  Univ. Hamburg, Germany
1990 Vordiplom  Univ. Hamburg, Germany
1987 Abitur MSO, Bad Hersfeld, Germany

AREAS OF EXPERIENCE

In alphabetical order: Airborne imaging spectroscopy,
Astrometry, beam optics, computer systems, cryogenics, data
processing, electronics, high-speed timing circuits, particle
detectors, plasma physics, plastics and glues, polarimetry,
programming (embedded/VHDL/data analysis/experiment
control), radio astronomy, scientific ballooning,
semiconductors, space science and technology, systems
engineering, vacuum systems, x-ray detectors.

SELECTED PUBLICATIONS

The OCO/GOSAT Preflight Cross-Calibration Experiment;

F. Sakuma, C.J. Bruegge, D. Rider, D. Brown, S. Geier, S.
Kawakami, A. Kuze; IEEE Trans. Geosc. and Remote Sensing,
48, issue 1, 585-599 (2010)

Cosmic-ray origin in OB associations and preferential
acceleration of refractory elements: evidence from abundances
of elements “re through 34Se,' B.F. Rauch, J.T. Link, K. Lodders,
M.H. Israel, L.M. Barbier, W.R. Binns, E.R. Christian, J.R.
Cummings, G.A. de Nolfo, S. Geier, R.A. Mewaldt, J.W. Mitchell,
S.M. Schindler, L.M. Scott, E.C. Stone, R.E. Streitmatter, C.J.
Waddington, M.E. Wiedenbeck; Astrophys J 697, 2083 (2009)
A search for the signature of microquasars in the cosmic ray
iron spectrum measured by TIGER; S. Geier, L.M. Barbier, W.R.
Binns, E.R. Christian, J.R. Cummings, G.A. de Nolfo, P.L. Hink,
M.H. Israel, A.W. Labrador, J.T. Link, R.A. Mewaldt, J.W.
Mitchell, B.F. Rauch, S.M. Schindler, L.M. Scott, E.C. Stone, R.E.
Streitmatter, C.J. Waddington Adv. Space Res, 37, 1955 (2006)
Measurement of the Abundance of Radioactive °Be and Other
Light Isotopes in the Cosmic Radiation up to 2GeV Nucleon™
with the Balloon-borne Instrument ISOMAX; T. Hams, L. M.
Barbier, M. Bremerich, E. R. Christian, G. A. de Nolfo, S. Geier,
H. Gobel, S. K. Gupta, M. Hof, W. Menn, R. A. Mewaldt,
J.W.Mitchell, S.M. Schindler, M. Simon, and R. E. Streitmatter,
Astrophys. J. 611, 892 (2004)

A study of cosmic-ray beryllium with the Isotope Magnet
Experiment (ISOMAX) Dissertation (2000) Performance of
CAMAC TDC and ADC in magnetic field, S. K.Gupta, L.M.
Barbier, E. R. Christian, S.Geier, J. F. Krizmanic, J. W. Mitchell, R.
E. Streitmatter, P. J. Wasilewsski, Nucl. Instr. and Meth. 400,
428 (1997)

ROSAT PSPC observations of the Orion Trapezium area. I. Pre-
main sequence and O stars., S. Geier, H.J. Wendker and L.
Wisotzki, Astronomy and Astrophysics, 299, 39 (1995)

Das Réntgenbild des Orion-Komplexes oder Die Problematik der
Auswertung von ROSAT Daten, thesis (1993)

SELECTED PRESENTATIONS

R.O. Green, C. Pieters, P. Mouroulis, G. Sellar, M. Eastwood, S.
Geier, J. Shea; Lunar and Planetary Science XXXVIII (2007)

G. Spiers, S. Geier, M. Phillips, R. Menzies;16th intl. laser radar
conf., Nara, Japan, 24-28, (2006)

S. Geier, et. al in Proc. 28th ICRC (Tsukuba, Japan) (2003)

S. Geier, R. A. Mewaldt and M. E. Wiedenbeck in

Proc. 27th ICRC (Hamburg, Germany) (2001)

S. Geier et al. (W16.008) and G.A. de Nolfo et al.

(€23.003), in BAPS Apr 00 (2000)

S. Geier et al. (0G 1 1.32), G.A. de Nolfo etal. (0OG 1

1.09), J.W. Mitchell et al. (0G 1 1.31) and T. Hams et

al. (0G 11.33) in Proc. 26th ICRC (Utah, USA) (1999)

S. Geier et al. (VB10.03), G.A. de Nolfo et al.

(PP01.159), J.W. Mitchell et al. (VB10.01) and T.

Hams et al. (VB10.02) in Proc. cent. APS (1999)

S. Geier and H.J. Wendker, AIP conference proceedings

313, 275 (1994)

PROFESSIONAL AFFILIATION:

American Physical Society



We have planned an aggressive two-year research effort (Figure 8).  The first year will entail parallel development of the component subsystems with benchtop tests against calibration samples.  The project will quickly freeze sensor interfaces to sensors so that key “communication points” between the subsystems are established early in the project.  When appropriate, detector components, such as modified Ohio-Lumex detectors, can be tested independently in local field excursions.  As noted previously, month 14 is a margin period with no scheduled activity.  Months 15-17 involve integration and checkout with a formal calibration and testing on appropriate vibration and thermal simulation environments.  A second month of margin follows.  Month 19 is the first field test period.  This is followed by an additional margin month to permit any last changes before the final field tests in months 21-23. 

1.5.3 27BRisk Mitigation and Descoping

     We believe the highest risk in the project is associated with achieving stable background-level mercury measurements with the Ohio-Lumex instrument, since all other subsystem requirements have been achieved in previous tests.  Our resource and time allocation decisions recognize this risk.  Multiple months of margin permit additional time for chassis and component stabilization after each of the test flights.

    If stable operation is too difficult to achieve in the thermal and vibration regimes of a tropospheric aircraft, then alternative platforms are possible as a descoping option.  Shipboard use would be simpler to arrange and would also demonstrate the sensor principle.  These measurements would be independently useful since existing networks undersample marine environments.  A more radical fallback would be to test the pyrolyzer/detector pairing in a stationary field deployment.   In both cases we would demonstrate a new method for sensing background mercury level and provide a significant contribution to the field.

    We are aware a previous attempt failed to institute CARIBIC-style sensing by jet cargo carriers in the United States.  There are important differences between the CARIBIC approach and this effort which make the proposed sensor more likely to succeed. Not only is the proposed instrument much smaller (comprising a suitcase-sized rather than closet-sized package), but tropospheric mercury sensing will be far simpler to support.  The safety and engineering issues are far simpler than for stratospheric aircraft, and concentrations are significantly higher.  The wider range of entities (civil, commercial, and government) flying tropospheric routes gives a future observation program many more potential partners.  We can team with flight schools, tour groups, and small-scale cargo companies as needed to achieve desired coverage.  

1.6 11BPersonnel 

Dr. Daniel Jaffe, PI, , is Professor of Atmospheric and Environmental Chemistry at the University of Washington-Bothell and a Professor in the Department of Atmospheric Sciences at the University of Washington Seattle.  His areas of expertise are in global and regional atmospheric pollution, especially mercury, carbon monoxide, ozone, nitrogen oxides, aerosols and other metals and in long range transport of air pollution in the Arctic and Pacific regions and is the author of over 100 peer-reviewed publications.  He especially interested in the rapidly developing regions of Asia. Over the past 20 years he has been studying these pollutants at sites in Alaska, Russia, Japan, and the US.  He has successfully led numerous projects funded by NSF, EPA, NASA, DOE and NOAA.  He recently served on the National Academy of Science panel on intercontinental transport of pollutants and the UN EP task force on Hemispheric Transport of Pollutants (HTAP).

Dr. Sven Geier, Co-I, is a senior staffmember at the Jet Propulsion Laboratory. He will lead the system design, instrument integration, and testing.  His expertise includes systems engineering and project management experience for multiple spectroscopic sensing projects such as the Airborne Laser Absorption Spectrometer and MSPI spectropolarimetric imager.  His research focus topics include airborne spectroscopy, beam optics, computer systems, and embedded control. 

Dr. Arthur “Lonne” Lane, Co-I, is a scientist at the Jet Propulsion Laboratory. He will lead testing and development of the optical modifications.  Dr. Lane’s scientific expertise includes extensive work in ultraviolet spectroscopy and innovative application of instrumentation to unique problems in planetary and terrestrial sensing.  His focus areas include microinstrument development and remote, proximity and in-situ sensing for pollution problems.  He has been an investigator on over 15 instrument projects and is the recipient of three NASA exceptional scientific achievement medals.  He has managed mission teams and science laboratories consisting of tens to over a hundred staffmembers.  

Dr. David R. Thompson, Co-I, is a researcher at the Jet Propulsion Laboratory. He will lead the development of the data subsystem.  Dr. Thompson’s work focuses on machine learning and autonomy with applications to fielded sensor networks and science data analysis.  Current research includes adaptive exploration by autonomous robots and control of in-situ sensor networks.  His algorithms have guided autonomous robot sciencecraft in North America, South America, the Atlantic Ocean, and the surface of Mars.  
Dr. Robert L. Herman, Collaborator, is a research scientist at the Jet Propulsion Laboratory (JPL), where he has worked since 1998. His research interests cover atmospheric chemistry and spectroscopy from in-situ airborne spectrometers and satellite remote sensing.  He is currently the validation lead for the Aura Tropospheric Emission Spectrometer (TES) and principal investigator of the JPL Laser Hygrometers.  Dr. Herman will provide suggestions for aircraft integration, and to correlate satellite CO and O3 observations from Aura TES with the in-situ mercury measurements.
Dr. Thomas Ryerson, Collaborator, is a researcher at NOAA with expertise in mercury monitoring and sensing problems, and has deployed the Ohio-Lumex 915+ in the field.  Dr. Ryerson will advise the team on the sensor, suggest relevant instrument modifications, and recommend development goals to align the project with needs of NOAA and the mercury monitoring community.
1.7 12BFacilities and Equipment
University of Washington
The University of Washington facilities available for this research include the PI’s laboratory for atmospheric Chemistry with approximately one million dollars of state-of-the-art research instrumentation, including high sensitivity analyzers for CO, O3​, nitrogen oxides, aerosols, hydrocarbons, mercury.  Additional shared facilities including FTIRs, Mass spectrometers and the usual array of instrumentation found in chemical analytical facilities.  
Jet Propulsion Laboratory

The Jet Propulsion Laboratory maintains all necessary facilities required for design and construction of the flight-ready detector and chassis, with considerable in-house expertise in building custom spectroscopic sensors for aerospace applications.  Available facilities include all necessary workshop equipment and space for design, fabrication and construction of the physical device. This includes the chassis, but also the thermal and vibration buffering, mounting hardware, and the pneumatic connections between system components.   The detector testing and development will use optical and electronic laboratory space available at JPL.  Calibration and validation will exploit an existing mercury calibration facility installed for tests of the ENOSE sensor for human life support systems and the International Space Station.   Testing and design will exploit spectroscopy laboratory facilities and optical benches.  JPL maintains OSHA standards-compliant facilities and extensive care will be taken to ensure investigator safety whenever concentrated samples of mercury are required for calibration or validation purposes..  After sensor design, we will use JPL thermal/vibration testbeds for testing ruggedness of the completed instrument prior to aircraft flight.  Data subsystem development will use JPL information technology infrastructure.  JPL will also host the central data server for flight testing. 

1.8 13BSpecial Matters
Due to the prominence of the COTS Ohio-Lumex instrument in our development plan, we have recognized the importance of a close cooperation with this corporation during sensor development and testing of any modifications.   A close collaboration with Ohio-Lumex will ensure that we can leverage all the benefits of their experience with the instrument and the Zeeman spectroscopic method.  
1.9 14BQuad Chart 
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3 3BBiographical Sketch

3.1 15BPrincipal Investigator 
Dan Jaffe

Dr. Jaffe is a Professor of Environmental Science at the University of Washington.  He is expert on atmospheric chemistry, ozone photochemistry, urban and regional smog and long range transport of pollutants and is the author of more than 100 peer-reviewed publications on ozone, aerosols, mercury and other air pollutants.  Dr. Jaffe is widely recognized as an expert on global transport of pollutants, especially transport from Asia to the U.S. and has several papers on the influence of background sources on regional and urban air quality.  He recently participated on the panel for the National Academy of Science’s study on The Significance of Intercontinental Transport of Air Pollutants.  Below is a brief biographical sketch.  A full curriculum vitae is available at:  Hhttp://faculty.washington.edu/djaffe
Professional Positions Held

Professor—University of Washington-Bothell, Science and Technology Program, September 1997-current. 

Adjunct Professor of Atmospheric Sciences, University of Washington-Seattle, December 1997-current.

Professor of Chemistry--University of Alaska Fairbanks, Department of Chemistry/Geophysical Institute, June 1993 - September 1997.

Education

B.S.    Chemistry, February 1979, Massachusetts Institute of Technology

M.S.    Chemistry, December 1983, University of Washington

Ph.D.   Chemistry, June 1987, University of Washington; graduate work in inorganic, analytical and atmospheric chemistry, atmospheric sciences, environmental sciences and policy.

Five most relevant publications:
1. Lyman S., Jaffe D. and Gustin M. Release of mercury halides from KCl denuders in the presence of ozone.  Atmos.Chem.Phys.Disc 10, 12563-12564,2010.

2. Swartzendruber P.C., D.A. Jaffe and B. Finley Development and first results of an aircraft based, high time resolution technique for gaseous elemental and reactive (oxidized) gaseous mercury. Environ. Sci. Technol. 43 (19), 7484–7489 DOI: 10.1021/es901390t, 2009.
3. Finley B. Swartzendruber P. and Jaffe D.  Particulate mercury emissions in regional wildfire plumes observed at the Mount Bachelor Observatory.  Atmos. Environ. 43, 6074-6083, doi:10.1016/j.atmosenv.2009.08.046, 2009.

4. Swartzendruber, P.C., D. Chand, D. A. Jaffe, J. Smith, D. Reidmiller, L. Gratz, J. Keeler, S. Strode, L. Jaeglé, R. Talbot (2008), The vertical distribution of mercury, CO, ozone, and aerosol scattering coefficient in the Pacific Northwest during the spring 2006 INTEX-B campaign, J. Geophys. Res., 113, D10305, doi:10.1029/2007JD009579, 2008.

5. Chand D., Jaffe D., Prestbo E., Swartzendruber  P.C., HafnerW., Weiss-Penzias P., Kato S., Takami A., Hatakeyama S., and Kajii Y. Reactive and particulate mercury in the Asian atmospheric boundary layer. Atmos.Envir. 42, Issue 34, 7988-7996, [image: image2.png]


Hdoi:10.1016/j.atmosenv.2008.06.048H. 2008.


Five additional publications:

1. Fischer, E.V., D.A. Jaffe, D.R. Reidmiller, and L. Jaeglé. Meteorological Controls on Observed Peroxyacetyl Nitrate (PAN) at Mount Bachelor during the spring of 2008, J. Geophys. Res., accepted, doi:10.1029/20092009JD012776, 2009

2. Jaffe D.A. and Reidmiller D.R. Now you see it, now you don’t:  Impact of temporary closures of a coal-fired power plant on air quality in the Columbia River Gorge National Scenic Area. Atmos. Chem. Phys., 9, 7997-8005, 2009.
3. Holmes C.D., D. J. Jacob, R.P. Mason and D. A. Jaffe HSources and deposition of reactive gaseous mercury in the marine atmosphereH, Atmos. Environ. 43, 2278-2285, [image: image3.png]


Hdoi:10.1016/j.atmosenv.2009.01.051H, 2009. 

4. Weiss-Penzias P., D. A. Jaffe, P. Swartzendruber, W. Hafner, D. Chand, and E. Prestbo. Quantifying Asian and biomass burning sources of mercury using the Hg/CO ratio in pollution plumes observed at the Mount Bachelor Observatory.  Atmos. Envir., 41, doi:10.1016/j.atmosenv.2007.01.058, 2007.

5. Jaffe D. A., E. Prestbo, P. Swartzendruber, P. Weiss-Penzias, S. Kato, A. Takami, S. Hatakeyama and Y. Kajii.  Export of Atmospheric Mercury from Asia.  Atmos. Environ. 39, 3029-3038, 2005.
Synergistic activities
Professor Jaffe teaches courses in chemistry, environmental and atmospheric chemistry and global environmental issues.  He strives to integrate research and active learning elements into his teaching so as to bring the excitement of science to his students.  He has been an active participant in a number of U.S. and international task forces/panels on global pollution including the task force on Hemispheric Transport of Air Pollutants (HTAP), Arctic Monitoring and Assessment Program (AMAP), EPA Region X air toxics group and the Columbia River Gorge Commission.  He is  frequently quoted in the media based on his research and expertise on air pollution and mercury.
Graduate advisors: Drs. Norman Rose and Bob Charlson (U.Washington)

Post-doctoral advisor: None

Graduate students advised (major professor):

Harald Beine, Bianca Cerundolo, Emily Fischer, Richard Honrath, Jennifer Kelly, Robert Kotchenruther, Alexander Mahura, Heather Price, David Reidmiller, Phil Swartzendruber, Barbara Trost, Nicole Wigder, Zhiyong Zhang, Matt Zukowski.

Post-doctoral fellows advised:
Seth Lyman, Duli Chand, Brandon Finley, Julie Snow, Peter Weiss-Penzias, Isaac Bertschi, Brandon Finley, Will Hafner, Seth Lyman, William Simpson, Jack Herring.
Current collaborators:

Mae Gustin (U. Nevada), Daniel Jacob (Harvard), Lyatt Jaeglé (U. Washington), Joel Thornton (U.Washington), Staci Simonich (Oregon State U.), Lin Zhang (Harvard), Chris Holmes (Harvard), Duli Chand (CSU), Noelle Eckley Selin (MIT)

Updated January 2010
PI’s resume (not to exceed two pages)
· tailored for this proposal

· Co-I resume (not to exceed 1 page)
· Tailored for this proposal

· Include a paragraph entitled Relevant Experience that summarizes related experience to the position held in the proposed research.

· Assemble the CVs in the following order: 

1. PI

2. Co-Is in alphabetical order

(Example on next page)

3.2 16B Co-Investigator(s) 

[image: image4.png]Dr. Arthur Lonne Lane

BIOGRAPHICAL INFORMATION EDUCATION
A. B. (Chemistry) - Harvard Univ (1961)
Married, 42 years; 3 children Ph.D. (Phys. Chem.) - Univ of lllinois (1968) (in residence

at Caltech - 1963-68)
Ph.D. Thesis: “The Vacuum UV Photochemistry of Propane
Above & Below lonization”

INTERESTS
Ultraviolet physics and photochemistry; UV planetary astronomy of atmospheres & solid surfaces (cryogenic ices);
Spectroscopic and innovative application of instrumentation to unique problems; Planetary insitu microinstrument
development; Remote, proximity & in-situ sensing pollution problems; Science interactions with spacecraft and space
mission design, Mentoring students & young professionals in scientific instrument applications, development and fabrication.

EMPLOYMENT HISTORY-Supervisory Roles: Jet Propulsion Laboratory (1966 - present)

1976 - 1978 Team Chief - Voyager Science Integration Team (peak =20 staff members)
1982 - 1983 Group Supervisor - Section 312 / Mission Design Section (16 members at peak)
1987 - 1989 Group Supervisor - Section 326 / Geology & Planetology Section (peak = 8)
1989 - 1991 Section Manager - Section 326 / Geology & Planetology Section (peak = 129)
Division-level Science Staff Positions: Systems Division, Space Science Division, Instruments Division
1991 - 1992 Project Manager - Mars Science Microrover Demonstration Project [Rocky 4], (peak=35)
1992 - 1993 Manager - Office for Science, Instruments & Microrover, MESUR Flight Project (became Mars Pathfinder '96)
1995 - 1997 Acting Group Supervisor - Section 385 / Experimental Sciences (16 members)
PERTINENT ACCOMPLISHMENTS (partial listing)
1966 - 1970 Cognizant Scientist - Mariner 5 UV Photometer (Venus), Mariners 6 & 7 extended mission (Mars)
1968 - 1973 Experiment Representative - UV Spectrometry Mariners 8 & 9 (Mars)
1971 - 1976 Co-Investigator - Ultraviolet Spectrometer, Mariner 9 (Mars)
1972 - 1974 Staff Scientist - Planetary Astronomy Program (NASA-Headquarters)
1973 -1974 Co-Investigator - Objective Prism UV Schmidt Camera (Skylab V)
1974 - 1975 Principal Investigator - Ultraviolet Study (NASA-ESA ASSESS Mission), aircraft instruments & flight
1976 - 1995 Principal and Co-Investigator on more than 15 “Guest Observer” programs for the

International Ultraviolet Explorer (IUE) satellite
1976 - 1985 Member - IUE Astronomy Working Group (2 terms, separated by 2 years,1981 & 1984)

1978 - 1980 Assistant Project Scientist - Voyager Mission to the Outer Planets

1977 - 2000 Co-Investigator - Galileo Ultraviolet Spectrometer (Jupiter Orbiter)

1979 - 1991 Principal Investigator - Voyager Photopolarimeter Experiment (PPS)

1982 - 1985 Project Scientist/Project Manager - Pilot Planetary Data System (definition & concept phase)

1983 - 1986 Program Scientist - Flight Project Support Office

1986 - 1992 Principal Investigator - Pathfinder UV Spectrometer & Imager (UVSI) [DoD mission]

1987 - 1989 Chair, Science Advisory Committee; LACE UVPI (Surrogate P.l.) [DoD mission]

1988 - 1992 Principal Investigator - Delta Star UV Imaging Experiment (UVIE) [DoD mission], successful flight

1991 - 1992 Program Manager - JPL’s Planetary Instrument Definition & Development Program (PIDDP)

1991 - 1992 Project Manager - Mars Science Microrover Demonstration (Rocky 4)

1992 - 1994 Instrument Manager - Mars ‘94 Oxidant Experiment (Experiment added to Russian mission)

1996 - 1999 Co-Investigator - Champollion CIRCLE Instrument (Comet Nucleus Lander Composition Experiment).
1996 - 1997 Acting Lead Scientist & Instrument/Payload Lead-JPL Insitu Center of Excellence @ inception

1998 - 2006 Deputy Instr. Manager & Science Instr. Architect — Mars Microbeam Raman Spectrometer Instrument
1998 Principal Investigator — Lo’ihi Hydrothermal Vent Probe Project

1999 Principal Investigator — South Pacific Hydrothermal Vent Probe Project

1999 - 2001 Co-Investigator — Mars ‘03 Athena Payload, Mars Microbeam Raman Spectrometer Investigation

2000 - 2005 Co-Investigator — Mars Microbeam Raman Spectrometer Investigation

2000 Co-Investigator — Antarctica 2000 Deep Ice Probe

2002 Acting Deputy Leader — JPL’s Center for Life Detection

2002 - 2003 Principal Investigator — In-Situ Sensor Technology for Installation & Restoration Program (Edwards AFB)
2002 - Science Investigator — Astrobiology Research Group (Earth, Mars & Europa focus)

2003 Project Manager & Investigator — Deep Ocean Hydrothermal Vent Astrobiology Project (w/James Cameron)
2003 - 2007 Co-Investigator — 3 accepted ASTEP field campaigns (Svalbard, Norway & Antarctica), with in-situ instruments

2005 - 2007 Principal Investigator — In-Situ Deep Ice & Deep Ocean Organic Molecule Probe (JPL R&TD Program)
PROFESSIONAL SOCIETIES / SPECIAL ACHIEVEMENTS

1962 - 1963 University Fellow in Chemistry - University of lllinois Graduate School

1963 Elected to Phi Lambda Upsilon — Nat. Chemical Honor Society & Phi Kappa Phi— Nat. Honor Society
1962 - 1978 Member - American Physical Society

1980 - 1990 Member - American Astronomical Society (Division for Planetary Sciences)

1981 Outstanding Science Book for Children Award (National level selection)

NASA Exceptional Scientific Achievement Medals (three): Mars (1972), Jupiter (1981), Uranus (1986)

NASA Group Achievement Awards - Voyager Photopolarimeter Team (1982, 1986, 1990); Galileo UVS & Flight team
NASA Group Achievement Awards - Mars Science Microrover Demo. (1993), Mars Oxidant Exp. (1997), and more.
Current list of scientific, open literature, refereed publications (not abstr) is >98, with majority in Planetary Sciences






[image: image5.png]David R. Thompson
David.R.Thompson@jpl.nasa.gov

Selected Recent Research

Intelligent Hyperspectral Image Analysis (JPL 2009
- present): Leading a task to develop algorithms
with analysis of hyperspectral imagery for NASA’s
Advanced  MultiMission  Operations  System
(AMMOS) for use in future space missions.

0CO-2 Carbon Observatory (JPL 2009 — present):
Developing spectroscopy techniques that will be
used by the Orbital Carbon Observatory mission to
estimate atmospheric CO,.

Autonomous Target Selection for the Mars
Exploration Rovers (JPL 2007 - present):
Developed object recognition for autonomous
geologic analysis. Recently demonstrated the first
fully autonomous geologic target detection and
response by a rover spacecraft.

Machine Learning for Radio Astronomy (JPL 2009 —
present): Researching methods for online, real-time
radio astronomy analysis leveraging machine
learning.

Mission Planning for Autonomous Ocean
Sensorwebs (JPL 2009 — 2010): Algorithm
development and mission planning for a fleet of
autonomous submersible sciencecraft in a dynamic
ocean sensorweb.

Autonomous Science by Remote Spacecraft
(Carnegie Mellon 2006 — 2008): Conducted field
experiments in the Mojave and Atacama deserts to
test technologies for autonomous science
understanding by remote agents. Designed
algorithms for automatic image analysis,.

Education
Ph. D., Robotics, The Robotics Institute, Carnegie
Mellon University, 2008.
M.Sc. Informatics, Univ. of Edinburgh, Scotland, 2002.
B.A., Computer Science, Carleton College, 2001.

Professional Positions

2009 — present: Researcher in Information Technology,
Jet Propulsion Laboratory

2008 — 2009: Member Technical and Research Staff,
Jet Propulsion Laboratory

2004 — 2008: PhD Student, Carnegie Mellon Robotics
Institute

2003 — 2004: IT Consultant and English Instructor,
DuocUC School, Santiago Chile

2002: Research Associate, Computer Vision Group,
Univ. Edinburgh, Scotland

Selected Awards and Honors

NASA Tech Brief Award: Flightspeed Integral Image
Analysis Toolbox, 2010

NASA Tech Brief Award: Fast Onboard Image Texture
Analysis, 2010

Jet Propulsion Laboratory Team Award: Atmospheric
CO2 Observations from Space, 2010

Jet Propulsion Laboratory Individual Spot Award:
Airborne Mercury Vapor Sensor, 2010

International Conference on Robotics and Automation,
Best Vision Paper finalist, 2008

NASA JPL Planetary Sci. Summer Scholarship 2007

American Assoc. Artificial Intelligence Doctoral
Consortium Scholarship 2007

Carnegie Mellon Robotics Institute Graduate Fellowship
2003-2008

NASA State Space Grant 2005

Selected Refereed Publications
D. Thompson, L. Mandrake, M. S. Gilmore, B.

Castano, “Superpixel Endmember Detection,”
Trans. Geosci. and Remote Sensing (to appear).

D. Thompson, Steve Chien, et al. “Path Planning in
Strong, Dynamic, Uncertain Currents,” ICRA
2010.

D. Thompson, et al. “Mission Planning in a
Dynamic Ocean Sensorweb,” ICAPS 2010.

D. Hayden, S. Chien, D. R. Thompson and R.
Castano. Onboard Clustering of Aerial Data for

Improved Science Return. [EEE Intelligent
Systems, May 2010.

D. R. Thompson and N. Cabrol. Fast Texture
Analysis  for  Autonomous  Exploration.
International Joint Conf. on Al (Al in Space)
2009.

D. R. Thompson. Domain-Informed Novelty
Detection for Autonomous Exploration.
International Joint Conf. on Al, 2009.

T. Estlin, R. Castano, B. Bornstein, D. Gaines, R. C.
Anderson, C. de Granville, D. Thompson, M.
Burl, M. Judd, and S. Chien, Automated
Targeting for the MER Rovers , Infotech,
Aerospace AIAA, 2009.

D. R. Thompson, D. Wettergreen and R. Castano.
Information-Optimal Subsampling of Temporal
Image Sequences for Remote Exploration.
International Joint Conf. on Al (Space), 2009.

D. R. Thompson. Intelligent Mapping for
Autonomous  Robotic  Survey.  Doctoral
Dissertation. The Robotics Institute, Carnegie
Mellon. 2008




4 4BCurrent and Pending Support

Dr. Daniel Jaffe

Current Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Jaffe, D.
	Western Airborne Mercury Observations (WAMO)
	National Science Foundation, Atmospheric Chemistry / Alex Pszenny, Hapszenny@nsf.govH, tel: (703)292-8522
	October 2008 – September 2010
$320,786
	0.17

	Jaffe, D.
	Understanding the Influence of Global Air Pollution on US Air Quality through

Observations at the Mt. Bachelor Observatory (MBO)
	National Science Foundation, Atmospheric Chemistry / Alex Pszenny, Hapszenny@nsf.govH, tel: (703)292-8522
	Sept. 2007-August 2010

$592,358 


	0.08

	Jaffe, D.
	Import of Asian Mercury to the U.S. as Observed at the Mt. Bachelor Observatory
	Electric Power Research Institute / Leonard Levin: llevin@epril.com, tel- (650) 855-7929
	August 2009-June 2011 $175,105
	0.04


Pending Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	 n/a
	 
	
	
	


Dr. Arthur Lonne Lane

Current Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Prof. J. Farmer, ASU
	Mineralogy & Microtexture: Rover-based Demonstration of an integrated payload for assessing habitability of Early Mars (Instrument Lead Developer)
	NASA-MIDP

Mr. David Lavery,(202) 358-1766

David.Lavery@nasa.gov
	10/1/2007-09/30/2010 end
$1.46 M
	0.15, 0.10, 0.05

	Dr. I. Kanik, JPL
	NAI Cycle 5: Astrobiology of Icy Worlds (Co-I)
	NASA Astrobiology Institute Cycle 5

Dr. Carl B. Pilcher, (650) 604-0022U can5@nasa.gov

	2/01/2009-9/30/2013
$6.8 M 
	0.13 each yr


Pending Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Dr. R. Hodyss, JPL
	Fiber-Optic Probe for Chemical Characterization of Titan’s Lakes

(Co-I)
	NASA-ASTID
Dr. Michael New; (202) 358-0702
Michael.H.New@nasa.gov
	10/1/2011 --
9/30/2015

$946K
	0.15 

each yr for

4 years


Dr. Sven Geier

Current Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Dr. David Diner
	A Multiangle Spectropolarimetric Imager
	ROSES 2007: IIP
	trough 08/11
$2840K
	4.5

	Dr. Robert Green
	AVIRIS
	NASA ESTO task

	through 08/11

	2


Pending Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Dr David Diner
	SWIR extension to MSPI
	ROSES2010:IIP
	2011-2014
	6

	Dr. Dan Jaffe
	Atmospheric sensor
	ROSES2010: IIP
	2011-2014
	4

	Dr. Sharon Kedar
	Muon Radiography of Planetary Surface Features
	PIDDIP
	2011
$168K
	1


Dr. David R. Thompson
Current Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	Dr. David R. Thompson
	AMMOS Automated Target Selection
	NASA Advanced Multimission Operations System (AMMOS), POC Laverne Hall,  HLaverne.Hall@jpl.nasa.govH. 818.393.5430


	10/2009-9/2011, $370k
	0.1

	Dr. David Crisp
	OCO/ACOS Algorithm Development
	NASA ESD, POC Michael Gunson, 818.354.2124
	10/2009-9/2011 (anticipated)
	0.5



	Dr. Tara Estlin
	AEGIS 
	NASA New Millennium Program, Chris Stevens
	5/2010 - 9/2010
	0.05

	Dr. Dayton Jones
	Square Kilometer Array Technology Development
	JPL Research and Technology Development Initiative, POC Robert Preston, 818.354.6895
	10/2009-13/2010
	0.3


Pending Support

	Name of Principal Investigator on Award
	Award/Project Title
	Program Name/ Sponsoring Agency/ Point of Contact telephone and email
	Period of Performance/Total Budget
	Commitment
(Fraction of Work Year)

	 Dr. David R. Thompson
	TextureCAM: autonomous habitat survey 
	NASA ASTID 2010
	10/2010-09/2013
	0.3


5 5BBudget Justification

5.1 17BBudget Narrative 

The project will be a 2 year effort.  Our significant costs include labor, equipment and components for the physical instrument, and travel costs for the field expeditions.  Cost estimates presume that the field site will be located in the continental West Coast.  The budget has been structured to provide budgetary autonomy to each of the two partner institutions while ensuring close coordination through teleconference and face-to-face meetings.  The comprehensive JPL subcontract includes all personnel, equipment, fabrication costs, and travel.    It also supports participation in field experiments.  If any reallocation of task responsibilities is deemed necessary during the project, this can be supported through additional subcontracts originating from either institution.
5.1.1 28BPersonnel and Work Effort 

A required element of the Budget Narrative is a table of Personnel and Work Effort, summarizing the work effort required to perform the proposed investigation. The table must have the names and/or titles of all personnel [includes all funded and unfunded co-Is, collaborators, postdoctoral fellows and graduate students] necessary to perform the proposed effort, regardless of whether those individuals require funding. For each individual, list the planned work commitment per period in fractions of a work year. Where names are not known, include the position, such as postdoc or technician. 

From Guidebook, p. 2-12.

Deliverables indicated in Section 2.4 shall be required of awarded proposals. In cases where subcontract arrangements exist, consolidated project reports are the responsibility of the PI. The proposed budget should provide for these reporting requirements. In this context, “Annual” refers to a twelve-month task effort that commences at award.

From ROSES NRA Appendix A.35, p. A.35-10.

Type your text here; use “Body_RS09” style.

Use the following table format for your Summary of Personnel and Work Effort. (The text in the table included here is an example only.)
Table 5-1. Summary of Personnel and Work Efforts for Key Personnel

	Name
	Organization
	Role
	Work Commitment

	
	
	
	Year 1
	Year 2

	Dr. Dan Jaffe
	University of Washington
	Principal Investigator
	
	

	Dr. Sven Geier
	JPL
	Co-Investigator
	.30
	.30

	Dr. Arthur Lonne Lane
	JPL
	Co-Investigator
	.15
	.15

	Dr. David R. Thompson
	JPL
	Co-Investigator
	.20
	.20

	Dr. Thomas Ryerson
	NOAA
	Collaborator
	-
	-

	Dr. Robert Herman
	JPL
	Collaborator
	-
	-

	Dr. William F. Hug
	Photon Systems, Inc.
	Collaborator
	-
	-

	Dr. Joseph Siperstein
	Ohio Lumex, Inc
	Collaborator
	-
	-


5.1.2 29BFacilities and Equipment
Proposed costs for purchased facilities, tooling, or equipment must be entered in the Proposal Cover Page and included in the Budget Details (ref.  Section 2.3.10(b)). 

There should be direct and obvious correlation between the items described in the Budget Narrative, those given in the Budget Details, and the figures entered in the Proposal Cover Page forms.

From Guidebook, p. 2-12.

Facilities <and/or> equipment will be available for this research.

· Include only those facilities and/or equipment that will be required to perform the work.

· Include pictures of the equipment with a brief description.

The proposed project utilizes existing facilities already available at both the Jet Propulsion Laboratory and The University of Washington. Major equipment purchases are:

· Three Ohio-Lumex 915+ sensors, $30K each.  We have estimated the cost of these instruments based on company quotes, with inflation.  Three sensors are required.  The first will be dismantled and reconstructed on the optics bench for component-wise testing.  The second will be modified into the prototype instrument, while the third will serve as a reference standard.  We have also included a $25K subcontract to Ohio Lumex for factory calibration and modification services.

· High-performance optical components, $25K.   This purchase includes the cost of UV reflective coatings, detector and light source components for the detector system.

· Supporting hardware and electronics, $25K.  This category includes chassis components, the power system, and non-optical components used in modifying the detector stage.

5.1.3 30BRationale and Basis of Estimate

The derivation of the cost estimate is a grassroots methodology based on the expert judgment from a team of experienced individuals who have performed similar work. The team provides the necessary relevant experience to develop a credible and realistic cost estimate. The cognizant individuals identify and define the products and the schedule needed to complete the tasks for each work element. Then they generate the resource estimates for labor, procurements, travel, and other direct costs for each work element.  
5.2 18BJPL Budget Details – Year 1 
Direct Labor – Year 1

· Dr. Arthur Lonne Lane.  Time Commitment is .15 wy.  ($21.7 requested salary with $13.1K fringe benefits)

· Dr. Sven Geier. Time Commitment is .30 wy.  ($33.2K requested salary with $19.7K fringe benefits).

· Dr. David R. Thompson. Time Commitment is .20 wy.  ($19K requested salary with $11.5K fringe benefits).

· Instrument Development Specialist, .30 wy ($28.5K requested salary with $17.2K fringe benefits.  Responsible for optical modifications.

· Data Systems Engineer, .30 wy. Responsible for data system and interface development. ($28K requested salary with $16.9K fringe benefits)

· Engineering Staff.

· Optics Technician .20 wy, responsible for optical component integration

· Electronics Technician, .10 wy, responsible for system electronics

· Total Engineering Staff Time Commitment is .30 wy ($28.0K requested salary with $16.9K fringe benefits)

· Graduate Student Intern.  Time Commitment is .20 wy ($12.1 requested salary and $7.3K fringe benefits)

Other Direct Costs – Year 1

Subcontracts/Subawards

· Desktop Network Chargebacks (calculated at $5.08/hr.):  All JPL computers are subject to a monthly service charge that includes hardware, software, and technical support. ($16.8K)
· Factory Modifications and Support by Ohio Lumex ($25K)

Equipment

· Ohio-Lumex 915+ sensors (x3), ($90K total).

· Optical components ($25K)

· Chassis and supporting hardware ($25K)

· Misc: Data System Electronics and interfaces ($5K)

Services

· Machine shop services, test facilites and tech support. ($25K)
Supplies and Publications

· Publication and Documentation:  Miscellaneous publication and documentation charges ($2K).

Travel

· Two domestic conferences ($5K total)

· Five programmatic trips to U. Washington and Ohio Lumex ($10K total)

Other

· JPL Multiple Program Support (MPS)   $44.1K.

Facilities and Administrative (F&A) Costs – Year 1
· Allocated Direct Costs (ADC)    $101.8K.

· Applied General ADC                $67.6K.

Total Estimated Costs for Year 1:  $715.7K
5.3 19BJPL Budget Details – Year 2
Direct Labor – Year 2

· Dr. Arthur Lonne Lane.  Time Commitment is .15 wy.  ($22.7 requested salary with $13.7K fringe benefits)

· Dr. Sven Geier. Time Commitment is .30 wy.  ($34.8K requested salary with $20.9K fringe benefits).

· Dr. David R. Thompson. Time Commitment is .20 wy.  ($20K requested salary with $12K fringe benefits).

· Instrument Development Specialist.  Time Commitment is .30 wy ($29.9K requested salary with $18K fringe benefits

· Data Systems Engineer.  Time Commitment is .30 wy ($29.3K requested salary with $17.7K fringe benefits

· Engineering Staff.

· Mechanical Technician .20 wy, responsible for system integration

· Electronics Technician, .10 wy, responsible for system electronics

· Total Engineering Staff Time Commitment is .30 wy ($29.3K requested salary with $17.7K fringe benefits)

· Graduate Student Intern.  Time Commitment is .20 wy ($12.6 requested salary and $7.6K fringe benefits)

Other Direct Costs – Year 2

Subcontracts/Subawards

· Desktop Network Chargebacks (calculated at $5.08/hr.):  All JPL computers are subject to a monthly service charge that includes hardware, software, and technical support. ($17.1K)
Equipment

· Replacement parts and upgrades ($5K)

Supplies and Publications

· Publication and Documentation:  Miscellaneous publication and documentation charges ($2K).

Travel

· Two domestic conferences ($5K total)

· Five programmatic trips to U. Washington and Ohio Lumex ($10K total)

· Participation in field tests – 2 individuals, 14 days (4x domestic airfare ($10K total)

Other

· Multiple Program Support (MPS)   $44.2K.

Facilities and Administrative (F&A) Costs – Year 2
· Allocated Direct Costs (ADC)    $88.8K.

· Applied General ADC                $49.1K.

Total Estimated Costs for Year 2:  $517.5

Figure 1:  The atmospheric mercury cycle.  Image courtesy Crispin Pierce, U. Wisconsin





“Although mercury is not directly observable from space, an effective observational strategy should integrate in-situ measurements from the surface and from aircraft with satellite observations of correlated species (e.g., CO from combustion).”


– NASA Earth Science Decadal Survey [NRC 2007, p. 177].





Figure 2: Model predictions of ambient TGM at sea level using chemical transport models (Image from Selin et al., 2007).  In-situ measurements appear as circles.  Note that ocean measurements in the northern hemisphere diverge from GEOS-chem model predictions.
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Figure 3: Inlets system for the AMVS.  Components in black, with the pyrolyzer, are part of the primary TGM system.   Components in red would be used for the combined TGM/GEM/RM system.





Figure 4: Ohio Lumex 915+ Mercury Spectrometer and main components. 





Figure 5: Zeeman spectroscopy technique.  Annotations show where the base design could be modified with new components to improve sensitivity.  Image courtesy Ohio-Lumex.





Figure 6: AMVS deployment options include tropospheric test platforms (Twin Otter and B-200) as well as permanent installation options aboard surface and airborne vehicles.  These platforms cover a range of terrains and altitudes.   The small size, low power and autonomous operation of the instrument we propose enables it to be hosted at minimal cost on a variety of different platforms and provide data unobtrusively during their normal operation.








Figure 7: Remote sensing of CO by MOPITT and TES instruments for March 16, 2006.  Red lines indicate the overlap.  MOPITT provides wide-area coverage while TES gives high resolution.  Both data products clearly resolve elevated pollution over cities in California.





Figure 8: Project schedule and milestones
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