Short Title (in electronic cover page): 

Applying NASA Observations and Models for Air Quality: DSS for the Exceptional Event Rule.
Title (in electronic cover page):
Applying NASA Observations and Models for Air Quality: DSS for the Exceptional Event Rule.
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The objective of this project is to develop a decision-support system (DSS) for the implementation of the new Exceptional Event (EE) Rule, which permits States to flag air quality (AQ) data caused by exceptional air pollution, such as forest fires and dust storms. The Rule requires States to provide evidence for and the quantification of exceptional source contributions. Based on the reported evidence, EPA decides if the EE flag is justified. 
Preparing and evaluating the EE evidence is a tedious, costly and technically challenging task for the State and EPA offices. A powerful EE DSS tool will be developed that will allow users to (1) explore and analyze data for specific EEs (2) prepare EE flagging reports (3) evaluate and approve the EE reports. For the States, the powerful EE tools will make the event documentation easy and efficient, while for EPA, the standardized DSS tools will make the decisions more consistent and robust. 

The project will achieve its goals primarily by linking, harmonizing and integrating and otherwise ‘connecting the pieces’ contributed by its autonomous core constituent partners represented by the projects GIOVANNI, NAAPS, VIEWS, AIRPACT and DataFed. The a wide range of distributed multi-sensory data (including MODIS, OMI, CALIPSO), suitably processed and packaged for the EE DSS using flexible web service orchestration through DataFed. The EE DSS data browsing, processing, reporting and communication facilities will be combined and presented through a user-friendly portal. 
The broader benefits of this are project will include deeper scientific understanding of EEs and innovative application of remote sensing and information technologies to AQ regulatory processes. Building the EE DSS will also contribute to the creation of a persistent core network for supporting AQ applications.  The network will also exemplify multi-organization/agency collaboration using the principles and architecture of the Global Observing System of Systems. 
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1. 
Decision-making Activities
 (2p
)
The proposed DSS is aimed at improving the management of the Nation’s air quality. The quality of ambient air is maintained at healthy levels by the setting and compliance with National Ambient air Quality Standards (NAAQS).  Compliance with NAAQS based on measurements using Federal Reference Method (FRM) monitors. In 1996, the NAAQS for PM2.5 was significantly revised by reducing the daily standard from 65 to 35 ug/m3 and recently for ozone from 85 to 75 ppb. 
Since the 2006 NAAQS amendments, both PM2.5 and ozone are subject to the new Exceptional Event (EE) Rule which allows the exclusion of data strongly influenced by impacts from "exceptional events," such as smoke from a wildfire or dust from abnormally high winds. States "flag" data for those days that they believe to be impacted by exceptional events. Such flagged days, if concurred with by EPA, may be given special consideration in the compliance calculations. The tightening of the short-term standards and the EE Rule shifts the attention from controlling the yearly average to the reduction and control of short-term, episodic air pollution. 

The EE Rule identifies different categories of uncontrollable events: (a) Exceedances Due to Transported Pollution (Transported African, Asian Dust; Smoke from Mexican fires; Smoke & Dust from Mining, Agricultural Emissions) (b) Natural Events (Nat. Disasters.; High Wind Events; Wildland Fires; Stratospheric Ozone; Prescribed Fires) and (c) Chemical Spills and Industrial Accidents; Structural Fires; Terrorist Attack. 
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Fig. 1. 

The decisions related to the Exceptional Event flagging and exclusion are performed at three organizations: States, Regional EPA Offices and Federal EPA, as shown in the schematic Fig. 1. The States need to decide whether a particular sample is to be flagged and prepare a flag justification report. The EPA Regional Offices evaluate the submitted flagged requests and approve/deny the requested flag. The role of the federal EPA is to ensure regional consistency of the flag justification evaluations, resolution of difficult cases and to provide general help interpreting the EE Rule. 

Currently, the implementation of the EE Rule is ad hoc and unstructured. The guidelines for preparing the flag justifications are intentionally somewhat vague. As a consequence, the current justifications are highly variable; some States submit very detailed and technical reports while others are brief and descriptive. Also, the EPA Regional Offices currently use ad hoc methods to understand the events, to evaluate the claims, and to make their recommendation. The lack of formal procedures and tools makes evaluation difficult and uneven. 

Preparing and evaluating the evidence for flagged data is a technically challenging task both for the State and the Regulatory offices. It requires: Accessing a diverse array of data sources illustrating various aspects of the exceptional event; Integration of the heterogeneous data sources that are frequently incomplete and incompatible; Performing detailed data analysis and to establish "clear causal relationship" between the EE and the increased exceedance and the Rule requires a demonstration that the exceedance would not have occurred but for the presence of the EE. The flagging procedure has to be in accordance with section 40 CFR 50.14 (c)(3)(iii) of the EE rule. 
Many State and Regional EPA offices lack the means for executing these challenging tasks. Currently, States are using various ad hoc methods at their disposal, including scanning their monitoring data for anomalous patterns, media reports of fires, dust storms and other EEs. The impact of exceptional sources on the violating monitor site is justified in a qualitative sense. In the past, the EPA evaluation of the State-provided data did not benefit from tools and sources of information which are now available. Fortunately, there are now outstanding opportunities to develop credible and reasonably simple methods for the preparation of flagging documentation through an EE DSS. 

The flags and the flag justification reports are prepared by the individual States hence, the primary users of the DSS are the States. However, since the EE flag claims are evaluated by Regional EPA offices, they also represent users of EE DSS. The Federal EPA has a broader range of roles. It develops the NAAQS and the associated Rules, which requires considerable research on the nature of ESs and implementation options. EPA also develops EE reporting templates as guides to the States. The Federal EPA also plays a key role in the design of the EE DSS. In fact, EPA has been supporting and interactively guiding our CAPITA group to explore the design options for EE DSS.  The preparation of this NASA ROSE proposal has also benefited greatly from the support, the ideas and the feedback from the evolving EE DSS. 
The preparation of the qualitative reports is currently time consuming. One rough estimate provided by an officer of the Federal EPA is that currently it takes about a week of State analyst's time to prepare an EE report. Currently there are hundreds of flagged data samples, of which justification requires several person-years of effort. As the implementation of the EE Rule proceeds and the States get more familiar with data exclusion procedures, it is anticipated that the number of flagged samples will increase by at least an order of magnitude to thousands of flagged samples per year. The proposed EE DSS is anticipated to reduce the report preparation time from about one week to less than four hours per flag. This factor of 10 time-savings can then be used more prudently on analyzing and understanding the State's air quality pattern or exploring mitigation options. Furthermore, the quality of EE flag evaluation decisions will be more objective and uniform.
2. Earth Science Research Results 
(1p)
The EE Rule offers outstanding opportunity to infuse NASA data products and information technologies deep into EPA's operational activities on managing air quality. The global-scale, high spatial resolution satellites remote sensing data are particularly suitable for detecting and quantifying natural and manmade air pollution events. (dust smoke, haze). The intense aerosol and gaseous pollutant signal during these events have made satellites indispensable in detecting and following the evolution of such events. Additional AQ benefits of satellites is on evaluating and improving emission inventories for NOx, biogenic VOC and particulates.

Unfortunately, until recently, the role of satellites in EPAs air quality regulatory process was very modes. In fact, the EE Rule is the only air quality regulation that we are aware of, where the use of satellites is explicitly encouraged, see Federal Register (Ref): Information demonstrating the occurrence of the event.. ... satellite-derived pixels indicating the presence of fires; satellite images of the dispersing smoke; Identification of the spatial pattern of the affected area (the size, shape, and area of geographic coverage). This could include, for instance, the use of satellite or surface measurement data; The simplest demonstrations could consist of newspaper accounts or satellite images to demonstrate that an event occurred… 

From the point of view of the proposed work, it is also important that NASA-supported IT, particularly the Service Orientated Architecture and Service Orchestration is also directly applicable to the development and implementation of a broadly usable decision support system. These technologies will markedly improve the quality of EE flagging process and also help the implementation of tools for EE Anomaly Detection, Surface-Satellite Data Fusion and Event Climatology Analysis.   
The incorporation of NASA data products into the EE DSS is primarily through the rich capabilities and keen interest of the Co-I partners of this project. The GIOVANNI data portal is a key is a key access portal to the most widely used satellite products in AQ analysis, including MODIS and MISR AOT, OMI and more recently CALIPSO. GIVANNI also provides an array of useful data processing and fusion services. In the NAAPS global aerosol model a number of NASA datasets are assimilated used for validation. MODIS-derived fire location is derived hourly in real-time and converted into model-relevant emissions. The MODIS aerosol optical depth product is operationally assimilated into NAAPS. The MODIS Dust Enhancement Product is used to identify dust sources globally for NAAPS. The AIRPACT modeling system actively pursues the verification of CMAQ model with OMI columnar data for urban-industrial as well as for major fire emissions.  
Technical Approach
 (12p)
Description of DSS, NEDS 
The main purpose of this project is to support the implementation of EPA's new Exceptional Event Rule by developing and delivering a suitable Decision Support System, Networks for Exceptional Event Decision Support (NEDS). The functionality of the system includes: (1) detection and description of EEs, (2) preparation of flag justification of EE-influenced samples, and (3) evaluation and approval of the EE flags by Regional and Federal EPA. The corresponding functionality of NEDS includes: accessing and processing data, analyzing events and preparing EE Justification reports. These tasks will be accomplished by three major components of NEDS shown below: 

1. Data network, DataFed, an infrastructure for accessing and integrating distributed EE-relevant data and models 

2. A networked community of analysts, FASTNet, for detecting, analyzing and describing exceptional events 

3. A comprehensive set of tools and methods for preparing and evaluating EE justification reports. 




The three components of NEDS working together constitute an end-to-end information processing system that takes observations as inputs and produces "actionable" knowledge necessary for EE decision making. The knowledge derived from observations and models is in the form of evidence that an exceedance would not have occurred but for the impact of the exceptional event. Unlike traditional monolithic, closed stove pipe DSS, the proposed DSS will follow a network-centric architecture. Data will be accessed from a network of providers. Similarly, the collaborating analysts will form a network. It is also anticipate that with time the EE flagging regulatory process will also include networking among the States, Regional and EPA offices. 

Loosely coupled connections to a network of data providers and data analysts along with an open, inclusive approach will promote the creation of an agile, responsive DSS that is capable of responding to the challenging and varied requirements of the Exceptional Event regulatory process. In order to satisfy the operational requirements of the end-user organizations (States, Regional and Federal EPA), the open, loosely-coupled networks will be fortified by a core data network and a core analyst network that can deliver required data, tools and analysis products to the NEDS customers. The core networks will be composed of the co-investigators and collaborators of this project. 

Major components of the proposed NEDS project have been developed over the past decade in projects, DataFed (NSF, EPA,NASA) and FASTNet (RPOs), SHAIRED (refs) as well as work conducted by CAPITA while supporting EPA in preparation of the EE Rule itself. These components are described in detail in the cited references (DataFed, FASTNet). The new components of the proposed NEDS are the EE-specific tools and the Exceptional Event Reporting Facility. 

Given the five-year experience in developing and using the NEDS components, the main challenge of this ambitious project will be "connecting the pieces" and enabling the networks to produce societal benefits in the form of better quality management. In this sense the proposed NEDS is a contribution toward the implementation of the Global Earth Observing System of Systems (GEOSS). In fact, Exceptional Event is an air quality scenario in the 2008 GEOSS Architecture Implementation Pilot. In the U.S., NEDS will facilitate integrating and utilizing multi-sensory monitoring networks. NEDS will enhance the conventions amont the key agencies NASA (science and technology), NOAA (operation), EPA (regulation). Equally important will be the connections and knowledge-sharing between the people: air quality analysts and regulators. 

DataFed: IT Architecture and Data Network Implementation
The data required for Exceptional Event Analysis will be integrated using the federated data system, DataFed (Need REF). The key roles of the federation infrastructure are to (1) facilitate registration of the distributed data in a user-accessible catalog; (2) ensure data interoperability using international, standard protocols; (3) provide a set of basic tools for data exploration and analysis. 

Data federation is accomplished by turning data stored on a server into a data service. A data service makes data accessible to other computers through standard interfaces. Data providers "publish" data in a catalog, users "find" data in the catalog and when ready, they connect or "bind" to the selected data access service. 

In NEDS, federating data resources can and will be pursued as a gradual, non-disruptive process where providers expose their self-determined fraction of data resources as a web service. Users of the federated data can then access the federated resources through suitable catalogs as shown in Fig... (add catalog to pic). Federated data are accessible through a data catalog, which, from the user's perspective, makes the physical location of the data becomes irrelevant. This loosely-coupled networked architecture is consistent with the "publish-find-bind" triad of Service Oriented Architecture and also supports the GEOSS motto: "Any Single Problem Requires Many Data Sets. Any Single Data Set Serves Many Applications."(GEO Secretariat, 2006). In the case of NEDS, for example, all the data needed for EE analysis are accessed from the federated data pool. 

Federating data resources can and will be pursued as a gradual, non-disruptive process where providers expose their data resources as a web service. Users of the federated data can then access the federated resources through suitable catalogs as shown in Fig... (add catalog to pic). In the case of NEDS, for example, all the data are accessed from the federated data pool. 
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Fig.xx The services are organized as a stack of workflow chains. Each row is a data layer, where the values that are displayed are computed through the service chain. Which starts with data access followed by several processing services and then completed through a rendering service. 

The Service Oriented Architecture (SOA) of DataFed is used to build web-applications by connecting the web service components (e.g. services for data access, transformation, fusion, rendering, etc.) in Lego-like assembly as illustrated in Fig. 2b. The generic web-tools created in this manner include data browsers for spatial-temporal exploration, tools for transport analysis and spatial-temporal pattern analysis. The proposed tools specific to the EE Rule will also be assembled through flexible web service composition. 

Establishing the software connections for NEDS will be through DataFed, using standard interfaces including OGC WMS for image data and WCS for point and grid datasets. This universal access is accomplished by ‘wrapping’ the heterogeneous data, a process that turns data access into a standardized web service. As a result, virtual datasets can be queried by spatial and temporal attributes and processed into higher-grade data products. The connectivity mechanism will be either directly through peer-to-peer connections or through mediators such as DataFed or GIOVANNI. Due attention will be given to the sensitivities of the data providers such as proper attribution and use constrains. The needs of the data users will be represented by proper metadata including data lineage, data quality and other detailed information. The creation of user-contributed metadata and the communication between data providers and data users will be facilitated through metadata workspaces, i.e. hybrid (structured/unstructured) wiki pages that are dedicated to each dataset. 

The further development of the DataFed infrastructure is beyond the scope of this project since that development can be leveraged from other on-going projects such as the NASA REASON grant, SHAiRED, at Washington University. However, special effort will be devoted to NEDS. The core NEDS data sharing network is a subset of the federated data pool. It contains data serving nodes that are of particular relevance to exceptional event analysis. In the NEDS subset, the data flow is harmonized by eliminating connectivity glitches and it will be well-tested for persistency and robustness. Such a robust network can be the basis for creating distributed, compound applications that are built by the combined effort of multiple organizations. An outstanding example of such a compound application is the Combined Aerosol Trajectory Tool (CATT) which... in section… 

Core Data for NEDS include Data Providers:AQS, VIEWS, Airnow, NOAA HMS, GIOVANNI, PULSENet, BlueSky, AIRPACT, NAAPS, BAAMS... 

Tools for Data Processing, Exploration and Visualization 
Standards-based data access permits the development of generic tools for data exploration, processing and visualization. The same tool is then applicable to all the datasets that are standards compliant. Below is a short listing and description of a generic data exploration tool and three tools to be fully developed for the Exceptional Event Rule implementation. All the tools leverage the benefits of standards-based network-centric architecture: Each tool is applicable to multiple datasets; Service orchestration makes it easy to create new tools; The shared web-based tools promote collaboration and communal data analysis. 

The DataFed Browser/Editor is the primary tool for the exploration of spatial-temporal pattern of pollutants. The multi-dimensional data are sliced and displayed in spatial views (maps) and in temporal views (timeseries). Each data view also accepts user input for point and click navigation in the data space. The cyclic view is for the display of diurnal, weekly and seasonal cycles at a given location or within a user-defined bounding box. The DataFed browser is also an editor for data processing workflows using a dedicated SOAP-based workflow engine. A typical workflow for map view is shown in Fig. XX. Google Earth Data Browser, is a software mashup between DataFed, and Google Earth. The two applications are dynamically linked and the user can select and browse the spatial views of any federated dataset. The Google Earth user interface is particularly suitable for the overlay and display of overlapping, multi-sensory data. The temporal animation of sequential data in Google Earth is also instructive for the visualization of air pollutant dynamics and transport. 

Analyst Console An Analysts Console (or dashboard) is a facility to display the state of the current aerosol system. It is anticipated that the Analysts Consoles will be the key dashboards for establishing the emergence, evolution and dispersal of exceptional events. Through a collection of synchronized views data from a variety of disparate providers are brought together, the sampling time and spatial subset (zoom rectangle) for each dataset is synchronized, and that the user can customize the console’s data content and format. The analyst community, using these tools will make decisions regarding specific events. 

Concentration Anomaly Tool is to be developed and used operationally by the States and EPA to provide an automatic calculation of the normal pattern of air quality or as the deviation from the normal. A useful measure of the "normal" concentration is the 84th percentile (+1 sigma) for a given station. This tool permits the calculation of concentration anomalies. In order to establish the normal values the concentrations can be aggregated over multiple years for the given time window measured in Julian days, i.e. days between 160 and 190. Hence, a particular sample is considered anomalously high (deviates from the normal) if its value are substantially higher than the 84th percentile of the multi-year measurements for that "month" of the year. There is considerable need for flexibility in defining the 'normal' when calculating the deviation above normal. 

Combined Air Quality Trajectory Tool (CATT) Backtrajectory analysis can be used to establish whether the air masses associated with the exceedance pass through the source region of the exceptional source. One approach is combining the observed source of an exceptional event with backtrajectories of high concentration events. Color coded concentration samples along with the backtrajectories which show the air mass transport pathway. Given the availability of FRM PM2.5 concentrations, it is instructive to examine the backtrajectories (air mass histories) associated with above-standard concentrations. If those backtrajectories pass through areas of known exceptional sources (forest fires, dust storms), then the corresponding high concentrations may be attributed to that event. 

FASTNET: Community Event Analysis Network 
The detection and characterization of short-term events is performed by monitoring a wide range of observations arising from real-time surface and satellite sensors, air quality simulations and forecast models. The gathering of the distributed data and the tools for data exploration and processing are described by a companion project, DataFed, described in section.. Initial event analysis can be performed in real-time while, by necessity, the detailed event characterization that includes slower data streams is conducted post-facto. Conceivably, the event analysis performed in the community workspace could serve as triggers and guides to the States in deciding which station-data to flag. Full understanding and characterization of air pollution events is a very labor-intensive, subjective and sporadic process. Collecting and harmonizing the variety of data sources, describing events in a coherent, compatible manner and assuring that significant events will not ‘fall through the cracks’ is a challenging task for research groups, but even more for State and Regional air quality analysts. 

We are proposing that general event analysis will be conducted by a virtual community of analysts. FASTNET (Fast Aerosol Sensing and Tools for Natural Event Tracking) the concept was introduced by Poirot, et al (2005). It began as an air pollution event detection and characterization project, which includes a set of tools, methods as well as a community of analysts. FASTNET was initially developed and supported by the Regional Planning Organizations (RPOs) for the characterization of major natural events relevant to the Regional Haze Rule. Forest fire smoke and windblown dust are particularly interesting events, due to their large emission rates over short periods of time, continental and global-scale impacts, and unpredictable sporadic occurrence. Such dust and smoke events are major causes pertinent to the EE Rule. 

The FASTNET concept will be adpoted to the specific needs of the EE Rule. The FASTNET proposed for NEDS will consist of a core group of analysts whose effort will ensure that: 

· Major EEs with exceptional impacts on many sites will be analyzed and described so that individual states can use general authoritative event descriptions. 

· The core group will be available for consultations or to perform special analyses for difficult EE cases identified by the State, Regional or Federal offices. 

· The core group will also guide the development of additional tools and methods for the general characterization of EEs by identifying new data sources, combining and fusing multi-sensory data and interacting with the event modelers and forecasters. 

The core event analysis network will include representation from Federal, Regional and State, NASA, ...Ad hoc members of the virtual community may include a broader community ... also harvesting without the active "participation" .... Harvesting Community Analysis Potential Analysts: VIEWS, Airnow, NPS, NOAA OESI, BlueSky, AIRPACT, States, EarthObservatory, MODIS Rapid Response, NASA Gateway to Astronaut Photography, NRL Aerosol Group, Texas Natural Resources Cons. Comm (TNRCC) 

Community interaction for event characterization is particularly vital since aerosol events are being identified, recorded and to various degree analyzed by diverse groups for many different purposes. We propose to "harvest" the event analyzes being conducted by groups and to combine it with analysis being done by FASTNET community serving NEDS. In the past the virtual community of analysts have been gathered by ad-hoc means. It is hoped that through this project, the virtual workgroups may receive more extensive tools and technical support in form of Analyst Consoles, Anomaly detection tools, collaboration space and better communication. This collaboration support will allow better harvesting of the experience and insights of the interested community. 

The FASTENET virtual community of analyst will conduct much of its business on an open wiki workspace. In the FASTNET workspace, each event will be assigned an EventSpace which will combine information on data, interpretation, discussion and community-produced event summary. (See example event workspace) A classical event workspace is for the 1998 Asian Dust Event. The searchable event catalog facilitates the finding and reuse of past analyzes. The organization, statistics and spatial-temporal display of past aerosol events by type is also helpful in developing a long-term climatology of events. For example, the Regional Haze Rule requires the establishment of the natural haze conditions, which is to be attained by 2064. [ Add links out to ..] 

The outputs of the community event analysis includes event characterizations as contributed by the joint effort of the participating community. These event descriptions are integrative and general purpose so that they are applicable to many users, such as informing the public, improving the model forecasts as well as advancing atmospheric science. The community-based event descriptions are also necessary in the formal EE DSS since many of the events extend well beyond the territory of any state. Thus, they provide a broader context that is required for event justification. 

Organizational Challenges 

· Who should package EE description? (a) A designated, national EE 'descriptor', (b) Individual State 'observer/descriptor'. (3) Scientist/analysts as a virtual workgroup/wiki? 

· Who should be receiving/notified with the EE description/trigger? (a) State analysts (b) public (c) Virtual workgroup 

· Which agencies, orgs should be in; what governance on the EE detection/description? (a) fully open, all orgs, any time (b) (c) Core EE group + ad-hoc 

EE Reporting Facility 
The tasks explicably devoted to satisfying the EE Rule on flag justification is the EE Reporting Facility whinc includes a comprehensive set of tools and methods for preparing and evaluating EE justification reports. This facility draws upon DataFed (Section X) for data resources and tools and FASTNET (Section X) for general event descriptions. It constitutes the main development activity of the proposed project. The facility will be used by the States to prepare the flag justification reports which are then submitted to Regional EPA. The facility will also be used by the Regional and Federal EPA to evaluate the submitted flag justifications. In the initial application, the EE Reporting Facility would be used to prepare the reports months after the event has occured. However, in the future this reporting facility could perform some of its functions in near-real-time (see transition approach). 

The EE Flag Justifications have to provide evidence in accordance with the four clauses, A-D, expressly stated in the Exceptional Event Rule (section..). 
A. The event satisfies the criteria set forth in 40 CFR 50.1(j); In the first step it is established whether a site is in potential violation of the PM2.5 standard; is the concentration over the 15ug/m3 annual or 35 ug/m3 daily standard? Only samples that are in non-compliance are qualified for EE status flag. Next, qualitative or quantitative evidence is gathered and presented showing that the event could have been caused by a source that is not reasonably controllable or preventable 
B. The main analysis step, provides key quantitative information for demonstrating a clear causal relationship between the measured exceedance value and the exceptional event. 
C. Next, the sample is evaluated whether the measured high value is in excess of the normal, historical values. If not, the sample is not exceptional.
D. Finally, the contribution of the exceptional source to the sample is compared to 'normal' anthropogenic sources. Only samples where the exceedances occur but for the contribution of the exceptional source qualify for EE flag. 

The main scientific, technical challenge arises from the requirements of clause B: Establishing a clear causal relationship. For PM pollution, for example, the fact that many different source types contribute to PM2.5 concentrations. Some sources are anthropogenic, others are natural; some are located nearby, others can be located far away. Emissions from natural and 'extra-jurisdictional' sources, such as biomass fires and windblown dust or intercontinental pollution transport can contribute to severe episodic PM events, i.e. short-term concentration spikes. However, accounting for the contributions of these extra jurisdictional events in the implementation of the NAAQS is still under development. 

Real-time continuous PM monitoring provides the record for short term event detection. Time-integrated and less frequent speciated PM samples provide the chemical signatures for specific aerosol types, such as smoke or dust. Satellite images delineate both the synoptic-scale as well as fine-scale features of PM events under cloudfree conditions. The full integration of these diverse PM data arising from a variety of measurements is still a major challenge for the data analyst. Air quality models that assimilate the various observations could serve as effective data integration platform. Unfortunately, the science and technology of such data assimilation is not yet available for the modeling and data analysis communities. 

A: Exceedance Description 
The purpose of this DSS component is to demonstrate that the event satisfies the criteria set forth in 40 CFR 50.1(j), i.e. that there is a potential pollutant source which is not controllable or preventable, such as forest fires, dust storms, or pollution from other, extrajurisdictional regions. It is also necessary to establish whether a site is in potential violation of the PM2.5 daily (35ug/m3) or annual (15ug/m3) standard. Only samples that are in non-compliance are qualified for EE status flag. 

Approach: The evidence needed for this component is gathered from multiple sources. Each responding to different requirements, including the event description, the presumed uncontrollable source, potential violation of NAAQS. 

Reports of the Event from Media and General Public. Event desc. FASTNET 

Measured PM2.5 Concentration Showing Exceedance (>15ug/m3 or > 35ug/m3 ) - Site specific. The first step is to establish that a sample is a likely contributor to noncompliance. A site is in noncompliance if the 98 percentile of the PM2.5 concentration over a three year period is over 35 ug/m3. However, a sample may be in compliance even if the PM2.5 concentration is > 35ug/m3, provided that such values occur less than 2 percent of the time. 

Measured PM2.5 Speciation Data for the Event Day - Site Specific (EC/OC/SO4...). A compelling line of evidence for establishing a causal relationship is through the chemical fingerprints of aerosol samples. This speciated aerosol monitoring data can be used to indicate unusual exceptional status based on unusual chemical composition, e.g. organics for smoke and sulfates for non-exceptional sources. Speciated aerosol monitoring data can be used to indicate unusual exceptional status based on unusual chemical composition, e.g. organics or smoke, and soil components for wind-blown dust. Speciated aerosol composition data provide strong evidence for the impact of smoke on ambient concentrations. The figures below show the chemical composition data for sulfate and organics, respectively for May 24 and May 27. Challenges: Now difficult for States..With FASTNET, general event description is provided. 

B: Clear Causal Relationship between the Data and the Event 
The purpose of this component is to demonstrate that there is a clear causal relationship between the measurement under consideration and the event that is claimed to have affected the air quality in the area. 

Approach: The evidence includes (1) backtrajectory analysis to establish whether the air masses associated with the exceedance pass through the source region of the exceptional source. (2) Speciated aerosol data showing unusual chemical composition, e.g. organics for smoke, soil components for wind-blown dust, and potassium for July 4th. (3) Forward model simulations can also indicate a causal relationship. (4) Temporal signatures (spikes) may also yield additional evidence. While none of the evidence provides proof, the combination of evidence from multiple independent perspectives can provide sufficient weight for decision making. Hence, the purpose of this report section and these tools is to illustrate the multiple lines of evidence and how to combine these for making a strong argument.The selection of datasets and tools as well as the presentation of the evidence is in the hands of the analysts. 

Satellites: Under cloud-free conditions, near real-time satellite images and data products are useful for the identification of exceptional events such as forest and agricultural fires, wind-blown dust events. The fire pixels, obtained from satellite and other observations, provide the most direct evidence for the existence and location of major fires. In the above map of fire pixels, the cluster of fires in southern Georgia is evident. The true color MODIS images from Terra (11am) and Aqua (1pm) show a rich texture of clouds, smoke/haze and land. Inspection of the images shows evidence of smoke/haze, while the Aerosol Optical Thickness (AOT) product, derived from MODIS Sensors (Terra and Aqua satellites) shows the column concentration of particles. The Absorbing Aerosol Index provided by the OMI satellite reveals the smoke in the immediate vicinity of the fire pixels as well as the transported smoke. The lack of OMI smoke signal further away from the fires indicates an absence of smoke. It is also possible that the smoke is below the cloud layer and therefore not visible from the satellite. Also, the OMI smoke signal is most sensitive to elevated smoke layers, while near-surface smoke is barely detected by the Absorbing Aerosol Index.. 

Combined Air Quality Trajectory Tool: One line of evidence for causal relationship is combining the observed source of an exceptional event with backtrajectories of high concentration events. In the figures below, we show the color coded concentration samples along with the backtrajectories which show the air mass transport pathway. (CATT Manual, CATT Ref) 

Model simulations and forecasts: may also provide evidence for exceptional events. For example, the ability of regional and global-scale models for forecasting wind-blown dust events is continuously improving. This is evidenced by the good performance of the Naval Research Laboratory NAAPS global dust model. The simulation and forecasting of major smoke events is much more difficult due to the unpredictable geographic-time-height-dependence of the biomass smoke emissions. Hence, currently reliable and tested smoke forecast models do not exist. Nevertheless, some of the model simulations provide useful additional evidence for the cause of the high PM levels. 

VIEWS Speciation Data - Carbon On May 24, the highest sulfate concentration was recorded just north of the Ohio River Valley. On the other hand, the highest organic carbon concentration is measured along the stretch from Georgia/Alabama to Wisconsin. This spatial separation of sulfate and organics indicates different source regions. Based on the combined chemical data and backtrajectories it is evident that the high PM concentrations that are observed along the western edge of the red trajectory path is due to the impact of the Georgia smoke. On the other hand the high PM2.5 concentrations just north of the Ohio River Valley are primarily due to known, controllable sulfate sources. 

· Browser for: VIEWS May 27 




 HYPERLINK "http://wiki.esipfed.org/index.php/Image:070524_VIEWS_SO4fwEmission.png" \o "" 
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 HYPERLINK "http://wiki.esipfed.org/index.php/Image:070524_PassThroughSmoke_Arrow.png" \o "" 
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Challenges Establishing causality between alleged sources and site exceedances is a scientifically challenging task since it requires the establishment of a quantitative and defendable source-receptor relationship. Establishing such relationship for EEs exacerbated by the unpredictable emission location and time and usually complex transport processes. The organizational challenges stem primarily from the need to acquire observations from many organizations. The key implementation challenge is the proper integration of the multiple lines of evidence for estimating the causality of the anomalous source impact. 

C: The Event is in Excess of the "Normal" Values 
The purpose of this component is to demonstrate that the event is associated with a measured concentration in excess of normal historical fluctuations, including background. 

Approach: Establishing the magnitude of normal, historical values can be performed through many different statistical measures. The air pollution pattern varies in space, time and also depends on the pollutants. In case of PM, it also depends on the species in the PM chemical mix. The sulfate pattern, for example, is very different from nitrate, organics or dust. Thus, the metrics that meaningfully describe the "normal" historical pattern require many parameters including space, time composition along with those from parametric and/or nonparametric statistics. 

Spatial Normals - PM2.5, Chemical Constituents. A useful measure of the "normal" concentration is the high, say 95th percentile, for a given station. In the illustration below, a time windows of +/- 15 days (one month window) was chosen. This period is longer than a typical exceptional event, but it is sufficiently short to preserve seasonality. In order to establish the normal values the concentrations can be averaged over multiple years for the given time window measured in Julian days. Hence, a particular sample is considered anomolously high (deviates from the normal) if its value are substantially higher than the 95th percentile of the multi-year measurements for that "month" of the year. See Help:Using the Concentration Anomaly Tool to learn how to change these parameters. 

In the figures below, the concentration and anomaly patterns are illustrated for two days 2007-05-24 and 2007-05-27. For each day, the leftmost figure shows the measured day average PM2.5 concentration. The circles are color coded using the same coloring scheme as the contour for the concentration field. The middle figure shows the contour field for the 95th percentile PM2.5 concentrations. The color coded circles still represent the concentration for the selected day. The rightmost figure shows the concentration anomaly, the excess concentration of the current day values over the 95th percentile values. While the rightmost figures show that the excess concentrations are high, these by themselves cannot establish whether the origin is from controllable or exceptional sources. 

Browser for: FRMPM25_diff



 HYPERLINK "http://wiki.esipfed.org/index.php/Image:TemporalAnomaly.png" \o "" 
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The FRM shows that on May 24, the high excess concentrations over the median were confined to a well-defined plume north of the Ohio River Valley. The deep blue areas adjacent to the PM plume indicate that large portions of the eastern U.S. were near or below their median values. 

While the excess concentrations are high, these by themselves cannot establish whether the origin of the excess is from controllable or exceptional sources. 

Temporal Normals 

Challenges: In the project, it will be necessary to decide (1) what should be the specific metric for the "normal" high concentration (2) what should be the excess above normal high value to qualify for exceptional high. With these settings specified, this tool can be devised to automatically detect whether a station's anomaly is exceptional or not.Detecting anomalies requires that there is a meaningful metric that quantifies the "normal" values. Unfortunately, quantifying the normal value of air pollutants is difficult and ambiguous since pollutant concentrations vary in time and space much more than the ... Hence, the key challenge is to devise suitable metrics for normal, normal-high etc. The organizational challenge is to devise a suitable metric for the normal that incorporates both the requirements of the regulatory agency, EPA, as well as that of the scientific community that is familiar with the nature of the pollutant variability. When suitable metrics for normal are derived it is desireable to develop appropriate tools that automatically calculate the anomalies and display those through appropriate visualization of spatial and temporal anomalies. 

D: The Exceedance or Violation would not Occur, But For the Exceptional Event 
The ultimate test whether a sample can be flagged is the “but for” condition, i.e. the exceedance would not have occurred “but for” the presence of the exceptional event. Without the additional excess concentration there would not have been an exceedance (See inset Fig….) “But for” is a very stringent and doable condition to satisfy. For example, if an exceedance would have occurred without the exceptional contribution – no EE flag. Conversely, if adding the exceptional concentration does not result in an exceedance – no EE flag. 

The “but for” condition also places extreme demands on the analysts and the DSS for gathering the supportive evidence. In essence, it is required to perform a source apportionment of the measured ambient concentration that separates the “normal” and the exceptional source contributions. The “normal” includes the industrial and normal natural contributions from nearby sources. 

At this time practical, reliable and generally applicable tools for producing “but for” evidence do not exist. EE flags are being ex… semi-qualitative by consolidating and weighing a variety of corroborating evidence. The but for contribution opens up the need for research source, receptors hybrid. There would have been no exceedance or violation but for the event. Finally, the contribution of the exceptional source to the sample is compared to 'normal' anthropogenic sources. Only samples where the exceedances occur but for the contribution of the exceptional source qualify for EE flag. 

According to the EE Rule, observations can be EE-flagged if the violation is caused by the exceptional event. Considering the subtleties of the EE Rule, below are graphical illustrations of the Exceptional Event criteria: 

· The leftmost figure shows a case when the 'exceptional' concentration raises the level above the standard. A valid EE to be flagged. 

· In the next case, the concentration from controllable sources is sufficient to cause the exceedance. This is not a 'but for' case and should not be flagged. 

· In the third case, there is no exceedance. Hence, there is no justification for an EE flag. 




Conclusion: On May 24, the exceedances north of the Ohio River Valley were caused by the known anthropogenic sulfur emissions. This is deduced from the high sulfate concentration and airmass trajectories that have passed over the high emission regions. The region over which the exceedances were but for the presence of the exceptional Georgia Smoke is highlighted with yellow dots. The evidence arises primarily from (1) the high concentration of aerosol organics, (2) the backtrajectories to exceeding sites passing over the known fire region (3) model simulation of sulfate and smoke and (4) numerous qualitative reports of smoke in the region. The level of sulfates was sufficiently low (< 10 ug/m3) and the level of organics was sufficiently high such that the violation would not have occurred but for the smoke organics. 

Based on the combined chemical data and backtrajectories it is evident that the high PM concentrations that are observed along the western edge of the red trajectory path is due to the impact of the Georgia smoke. On the other hand the high PM2.5 concentrations just north of the Ohio River Valley are primarily due to known, controllable sulfate sources. 

· General Goal and Framework needs to satisfy EE Rule 

· Methods of EE flagging can be developed based on the EE Rule and constrained by the available data/analysis resources 

· EE DSS consists of: 

· EE Flagging template - lays out sequence and possible lines of evidence 

· Tools (based on template) that help preparing flags (States), approving (EPA Regions), deciding (Federal EPA) 

The DSS needs to be robust and up-to-date, continuously or in batch mode. Need to request to EPA to expose the FRM PM2.5 and Ozone data, say every 3 months, after the sampling Members of the 'Core' network need to agree to provide robust service of data and tools. 

Application to Other DSS's and Significance 
Summary and Significance 
A statement of the perceived significance of the proposed work to the objectives of the solicitation and to NASA interests and programs in general. 

· Better air quality management decisions 

· Wider distribution of NASA products 

· Demonstration of GEOSS concept 

The objectives and expected significance of the proposed research, especially as related to the objectives given in the NRA; 

The relevance of the proposed work to past, present, and/or future NASA programs and interests or to the specific objectives given in the NRA; 

3. Transition Approach (1p)

Since 1998, the PI and his co-workers have facilitated or participated in dozens of air pollution event analyzes, through ad-hoc virtual groups. Notable exceptional events include the "Asian Dust Events of April 1998", which documented exceptional impacts of Asian dust on Western North America. The ??? analyzes of Central American Smoke of May 1998 caused record PM2.5 concentrations over much of Eastern U.S. and prompted EPA to issue the first set of guidelines (precursor to the EE Rule) on the treatment of EEs in compliance calculations. Recent EE analysis examples include the impact of Georgia Smoke on sites in the Eastern U.S. 2007, [ Nitrate Event, Quebec Smoke, CA Smoke?] 

Following the EPA's request the CAPITA group has actively during 2005-2006? participated in the development of EE analysis methods and contributed through exploratory illustrations of the candidate EE analysis methods. These were included in the Docket as supporting documentation for the EE Rule. 

After the formal publication of the EE Rule in the Federal Register (ref, ) the CAPITA group was again asked to provide further illustrations of the methods that satisfy the EE Rule (wiki). 

The experience from both projects has clearly demonstrated that satisfying the regulatory requirements of the EE Rule can be supported by a suitable DSS information system (NASA ReASON). The need for such a support system has been strongly voiced by the supervising EPA officer and seconded by regionald and State analysts who have seen the tools. 

End to End idea about involvement from the beginning of the Rule development through operational implementaion of the Rule.   

In the future... Event occurs, in real time analysts are notified AQ monitoring consoles as well as by news, blog and media reports; Analysts choose tools and data and do further analysis; Evidence (higher quality integrated data) produced by the analysts is published with description in near-realtime as event characterization to be used by other applications including EE DSS; When the EE DSS is triggered and the state analyst chooses to flag the station for a given date then further analysis needs to be done using both EE-specific and generic. Analysts chooses tools to provide specific evidence; When the EE DSS is triggered and the state analyst chooses to flag the station for a given date then further analysis needs to be done using both EE-specific and generic. Analysts chooses tools to provide specific evidence 


This section should articulate the transition plan, including specific activities to enable the end-users to adopt the enhancements to the decision support activity (or new decision support activity) and sustain their use of the Earth science products within the timeframe of the project. 

· Currently ad hoc, divergent, stovepipe 

· Future networked, Convergence ...needed 

Need user instructions, examples of applications, Feds help in process of organizing regional office sessions

Currently, the States are on their own for what they do and how do they prepare, flagging etc. Region 1 talks to States 

Future, other Regions could do this as well using FASTNet to alert affected States. 

Instructions/applications/hand-holding have to be based on practical application (relevant types of flags/region specifics)

4. Performance Measures (1p)

How many flags have been performed so far 

Each flag costing week before and then new DSS tools would be hours

Tools allow States to evaluate their own performance better

States can learn from each other using common tools and comparing notes

5. Anticipated Results (1p)

6. Project Management (2p)

This is a collaborative program with multiple institutions sharing a common goal….
Each investigator is responsible for their system as summarized below:  

Principle  Investigators.

R. Husar:  As PI of this proposal, 

J. Vaughan: 

S. McClure and B. Schichtel (CIRA, CIRA/NPS):  Mr. McClure and Dr. Schichtel are responsible for all aspects of the VIEWS system, including modifications to accommodate the distribution and analysis of NAAPS datasets. 

G. Leptoukh 

Collaborators. 

S. Raffuse:

J. McHenry:

S. Falke:

D. Westphal: His particular responsibility is in all aspects of NAAPS, including data assimilation, forecast runs, and the historical reanalysis.
Consultant. 

K. Hoijarvi:
Project Schedule and Milestones:
Year 1 (~CY 09)

Year 2 (~CY 10)

Year 3 (~CY 11)

7. Schedule (1p)

8. Statements of Commitment (as needed)

Joe
Greg
Shawn 

9. Letters from End-User Organizations (up to 4, 1p)

N. Frank, Fed. EPA
State/Regional AQ Analyst (Southeast/Chat?)
G. Percival, OGC/GEOSS

Poirot, VT
Tom Moore, CIRA  
10. Budget Justification

11. Narrative and Details (as needed)
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Appendix A: Description of the NAAPS model 

Overview: The Navy Aerosol Analysis and Prediction System (NAAPS) is the U.S. Navy’s global operational aerosol, air quality and visibility forecast model that generates operational, six-day, forecasts of aerosol conditions worldwide (http://www.nrlmry.navy.mil/aerosol/).  NRL has developed, tested, and transitioned NAAPS to operations at the Fleet Numerical Meteorology and Oceanography Center (FNMOC) for forecasting the concentration of the dominant atmospheric aerosols and the subsequent effects on visibility for the entire globe.  The six-day forecasts of sulfate, dust and smoke aerosol particles are used by a wide range of DoD users, including weather forecasters, mission planners, operators, and scientists, as well as non-DoD users.  With this model, we are now able to predict the concentration of the dominant visibility reducing aerosol species up to six days in advance anywhere on the globe.  NAAPS is particularly useful for forecasts of dust storms downwind of the large deserts of the world: Sea of Japan and China Sea, Mediterranean Sea, and the Tropical Atlantic Ocean.  NAAPS also accurately predicts the fate of large-scale smoke plumes originating from boreal and tropical forests and the savannah.  

The forecasts of aerosol concentration are distributed via classified and unclassified networks for use by DoD forecasters, operators, planners, and aviators.  NRL has also transitioned an associated model that calculates the fundamental optical properties of the different aerosol species at wavelengths of interest to DoD for Electro-Optic (EO) propagation calculations.  These properties are used by the Target Acquisition Weapons Software (TAWS) to calculate slant-path visibility.  Previous to NAAPS, the user chose the aerosol load based on local conditions and had to input the aerosol information by hand.  Now the aerosol conditions at any point in the world up to six days in the future are automatically available for use in TAWS.  In another application, the forecasts are used to screen satellite retrievals of sea surface temperature (SST) for dust contamination by NAVO, thus improving hurricane forecasts.

Details: NAAPS is a multi-specie, three-dimensional, global transport model derived from the hemispheric SO2 and sulfate model of Christensen (1997). Details of the model are given in that reference, and an overview is presented in Witek et al. (2007).  The Navy’s Operational Global Analysis and Prediction System (NOGAPS; Hogan and Rosmond, 1991) weather forecast model provides six-day forecasted dynamical fields to NAAPS on 25 levels at 6-hour intervals. These fields are the topography, sea ice, surface stress, surface heat flux, surface moisture flux, surface temperature, surface wetness, snow cover, stratiform precipitation, convective precipitation, lifting condensation level, cumulus fractional coverage, cumulus cloud height, surface pressure, three components of the wind field, temperature field, and relative humidity. Transport is calculated using a 3-d semi-Lagrangian scheme (Staniforth and Cote, 1991) with departure points calculated using the method of Ritchie (1987). Modifications have been made to the interpolation of wind and concentration fields across the poles and the interpolation method was changed from a 3rd order Lagrange to 5th order Lagrange.  Horizontal and vertical diffusion are calculated with a finite element scheme. The diffusion coefficients are determined from the input NOGAPS data, based on Monin-Obukhov similarity theory. The horizontal diffusion coefficient is set to a constant. The moisture fields are used in an inverse precipitation scheme to diagnose vertical profiles of cloud water and precipitation rate consistent with the input precipitation rates. These profiles are used to calculate the wet removal and reaction rates of the various species. The dry deposition velocity is based on the resistance method (Voldner et al., 1986; Walcek et al., 1986 and Slinn and Slinn, 1980), where the deposition velocity depends on the turbulence of surface layer and surface type (ocean, grassland, etc). 

Dust emission occurs whenever the friction velocity exceeds a threshold value, snow depth is less than a critical value, and the surface moisture is less than a critical value. The flux (Westphal et al., 1987) is then scaled to include only particles with radii smaller than 5 microns. The flux is injected into the lowest two layers of the model. The threshold friction velocity is set to infinity except in known dust-emission areas. These areas originally were defined as areas covered by eight of the 94 land use types used in the USGS Land Cover Characterization Database. The eight presumed dust-producing categories are (1) low sparse grassland, (2) bare desert, (3) desert, (4) semi-desert shrubs, (5) semi-desert sage, (6) polar and alpine desert, (7) salt playas, and (8) sparse dunes and ridges. This database has been modified using TOMS AI data. 

The FLAMBÉ database for biomass burning is used to describe the 6-hourly smoke emissions for NAAPS. The FLAMBÉ project (Reid et. al. 2004) successfully monitors fire activity and smoke transport for the western Hemisphere. Half-hourly GOES-8/-10 Wildfire Automated Biomass Burning Algorithm (WF_ABBA) fire products for the Western Hemisphere have been produced at UW-Madison and implemented in smoke source functions for NAAPS. FLAMBÉ incorporates MODIS fire products from the University of Maryland (Chris Justice, PI) in near real time. This data is incorporated into a smoke flux scheme for the Eastern Hemisphere thus allowing NAAPS to utilize a global smoke source function. 

Validation of NAAPS involves comparison of aerosol concentrations and optical effects against the available observations.  These include conventional surface synoptic reports of visibility, and current and past weather; global networks of sun photometers; and lidar. The observations also come from intensive field studies, some of which have been led by NRL. 
Appendix B: 
Appendix C: VIEWS
The Visibility Information Exchange Web System (VIEWS) is an online decision support system developed to help federal land managers (FLMs) and states evaluate air quality and improve visibility in federally-protected ecosystems according to the stringent requirements of the EPA’s Regional Haze Rule and the National Ambient Air Quality Standards. VIEWS was recently selected by the Western Regional Air Partnership (WRAP), a collaboration of western states, tribes, and local agencies administered by the Western Governor’s Association and the National Tribal Environmental Council, to serve as the infrastructure for the WRAP’s Technical Support System (TSS). The TSS is an extended suite of analysis and planning tools designed to help planners develop long term emissions control strategies for achieving natural visibility conditions in Class I Areas by 2064. The architected combination of VIEWS and the TSS represents an integrated system that supports a unique synergy of national and regional air quality objectives by providing a consolidated, online system of data access and decision-making tools to planners, researchers, stakeholders, policy makers, and federal agencies across the nation.

VIEWS/TSS has been developed by the Cooperative Institute for Research in the Atnmosphere (CIRA), which also operates the Data Processing Center (DPC) for NASA’s CloudSat mission and houses NOAA’s Regional and Mesoscale Meteorology Branch (RAMMB), two in-house resources that provide extensive experience and infrastructure for managing and applying a wide variety of satellite data. In addition, VIEWS/TSS consolidates the data resources of the WRAP’s Emissions Data Management System (EDMS), Regional Modeling Center (RMC), and Fire Emissions Tracking System (FETS). The integrated systems approach that has been used to design the framework of VIEWS/TSS allows developers to leverage and add value to these significant investments in data, expertise, and information technology.

VIEWS/TSS employs an advanced data acquisition and import system to integrate data from several air quality data centers into a single, highly-optimized data warehouse. Ground-based measurements from dozens of monitoring networks, air quality modeling results, and detailed emissions inventories are imported and updated on a regular basis using a generalized, uniform data model and carefully standardized metadata. Names, codes, units, and quality flags from the source datasets are carefully mapped to a unified paradigm, and native formats and organizations are transformed into a common, normalized database schema. This design enables users to explore, merge, and analyze datasets of widely-varying origin in a consistent, unified manner with a common set of tools and web services. This degree of interoperability allows decision-makers to analyze diverse datasets side-by-side and focus on high-level planning strategies without having to contend with the details of data management and manipulation.

VIEWS/TSS users are typically asking questions of “What pollutants are impacting a given area?” and “Where are these pollutants coming from?” The answers depend upon accurate assessments of aerosol loading and source attribution, and FLMs and states are occupied on an ongoing basis with these goals. States are further mandated to answer the question of “What can be done to reduce these impacts?”, because the Regional Haze Rule requires states and tribes to develop implementation plans for reducing emissions and demonstrating reasonable progress towards doing so, and these plans must provide for an improvement during the 20% worst visibility days while also ensuring no degradation during the 20% best visibility days. To accomplish this, users must identify the pollutants, quantify their amounts, and determine the sources of anthropogenic emissions that contribute to this pollution on both the “best” and the “worst” visibility days in a given area. They must then determine available control measures for each source and evaluate these measures on the basis of costs, time, energy and environmental impacts, and the remaining life of the source. Planners then employ these analyses to make decisions about what controls to implement, to estimate projected improvements, and to track their progress in reaching these goals. The resulting decisions have obvious ecological impacts, but can also have important political and economic impacts in the sense that deciding which sources to control is a politically-significant issue and the process of controlling emissions and tracking progress costs money and takes time.
Appendix D: DataFed

DataFed is a web application building environment for exchanging data and building tools for data analysis (www.datafed.net). DataFed currently provides

access to over 30 distributed data sets, including emissions, concentrations, satellite images, and model results from state, regional, federal and international organizations. The flow of data from sensor to decision is fostered by the application of standards and protocols, such as the geospatial standards developed by the Open Geospatial Consortium. Data are collected by air quality monitors, stored in relational databases, and analyzed to feed decision support tools. The components in the system are able to communicate with one another by using accepted and established standards for data description, transfer, processing and presentation. The output from these components is made available to others so that the ‘value added chain’ of data processing and application evolves to meet the needs of other end users.
In a separate A18 proposal by Husar et al., DataFed will be combined with two other components to produce a Decision Support System called Networks for Exceptional Event Decision Support (NEDS)..The main purpose of NEDS is to support the implementation of EPA's new Exceptional Event Rule by providing end-to-end service including: (1) detection and description of EEs, (2) preparation of flag justification of EE-influenced samples, and (3) evaluation and approval of the EE flags by Regional and Federal EPA. The corresponding functionality of NEDS includes: accessing and processing data (via DataFed), analyzing events and preparing EE Justification reports.






�In addition to the information listed in the 
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this section must explicitly state which of the eight applications areas the proposal relates to (if more than 2, then only identify the top 3). For the primary application(s) related to the project, 


this section should state how the project responds and relates to the priority topics identified in Section 1.3 of this appendix.





enhance the performance of existing decision-making activities and processes (whether complete or in development by the owning organization) through the integration of NASA Earth science products





c. Air Quality Trend Analysis and Forecasting The Program solicits proposals to use Earth science products to improve air quality decision support systems. The program encourages proposals that contribute to air quality state and forecasting advisories for the public interest. The program also encourages proposals involving systems that retrospectively determine air quality compliance and trends to assess policy accountability (and the decision making activities based on these analyses). Examples of possible products might include (but not limited to) OMI NO, aerosol products (MODIS, MISR, CALIPSO, OMI), CO (MOPITT, TES, AIRS), and products from GOES, foreign satellites (e.g., Metop-1, Envisat), upcoming planned NASA satellites, and model analyses.





In addition, proposal teams can address issues associated with long-range transport in each of these areas. The program encourages proposals involving multiple Regional Planning Organizations, major regional or national associations, private companies, and/or federal agencies. The program encourages proposals to use international satellite products (e.g., Metop, Envisat) in conduction with NASA and US Earth science products. Proposals should address how the proposed project will benefit the Air Quality community and public beyond the immediate life of A-train sensors.





Public Health Public health impacts of climate change. The program also requests proposals in the area of public health impacts of climate change. These proposals should utilize scenarios outlined by the International Panel on Climate Change as well as regional downscaling of Global Climate Models (GCMs).





�


Decision Support Overview/Baseline 


This section must explicitly identify and describe the decision-making activity to be enhanced (or created) in the project. The description should describe the management, business, or policy topic or issue that it serves, including any quantitative information regarding its use. This section must identify and describe the end-user organization(s) and their responsibility and/or mandate to address the topic/issue. 





This section should answer the following questions: 


What is the end-users’ current basis for decision-making? 


What is the decision-making activity? Who uses it and how do they use it in their decision-making process? 


What analyses does (will) it support and what actions and decisions are (will be) made? 


What measures/metrics do (will) its users employ to determine the value or quality of their decision-making? 


What are the reasons and needs for improving (creating) it? 





This section must quantify the pre-project, baseline performance of the decision-making activity, using the end-users’ measures, as well as other quantitative measures the team plans to employ throughout the project to track progress. Proposals seeking to create a decision-making activity must quantify the baseline performance of the end users’ decision-making process/capability without a formal decision-making activity.





Lawrence Friedl comments: 


We need to use non-NASA also, though Jeff says this is done to validate NASA sensors.


We need support letters at multiple levels of organizations.  EPA HQ, Regional EPA, local APCD and AQD.


Good contrast/support of Keating’s efforts.  (Get letter from him, or at least reference their recommendations.)





�Potential Decision Makers:





Neil Frank, EPA, EER, get endorsement letter from him for use of NAAPS in EER process, both from their angle (as evaluators of claims) and in development of the EER claims. 





Can we claim that ‘Nothing else is currently available.’  Or do we have to qualify: 10-year record? operational? supported by non-NASA e.g. leveraging?


Joe Pinto, EPA/NCEA, See his document about process.  He gets PRB from NAAPS and other models.  (Emphasize analysis, non-N. American sources;  also mention what we do well: dust and smoke?)





HTAP, Terry Keating. don’t think he is a good customer because NAAPS isn’t part of the big model intercomparison.





Baseline, Other existing efforts:





UMBC/Hoff, NASA/IDEA


McHenry?


J. Al Saadi (NASA?) listed on 2007 NASA AQM


Who is Doreen Neil? listed on 2007 NASA AQM meeting agenda


�The Applied Sciences Program strongly encourages projects to use an array of Earth science research results, including multiple spacecraft observations, geophysical parameters, and Earth system models and predictive capabilities. The Program encourages project teams to consider and use products from recently-launched NASA missions as well as simulated products from upcoming, planned missions.





This section must identify the array of Earth science research results (Section 1.2 of this appendix) that the proposal will utilize. Proposals must be specific. For spacecraft observations, proposals should include the spacecraft, sensor, data product, and other specific information. For proposals involving Earth science models, this section should identify the inputs to the models as well as the predictions, forecast products, or other products from the models. For proposals involving NASA Earth science research results produced with commercial remote sensing data and geospatial information, proposals must identify the commercial inputs and sources. For proposals blending commercial products with NASA products, proposals should identify all the data and products. 





Lawrence Friedl comments: 


We need to use non-NASA also, though Jeff says this is done to validate NASA sensors.


Likes the comparison/contrast/validation of climatologies.





Can we add non-NASA sensors here?  What is our post-MODIS approach? Should we mention our mitigation plan from SPAWAR project?


�As the main body of the proposal, this section should cover the following material:   





• Objectives of the proposed activity and relevance to NASA’s Strategic Goals and Outcomes given in Table 1 in the Summary of Solicitation of this NRA; 


• Methodology to be employed, including discussion of the innovative aspects and rationale for NASA Earth research results to be integrated;  


• Systematic approach to integrate Earth science results into the decision-making activity (existing or new) and to develop and test the integrated system and address integration problems (technical, computational, organizational, etc.); 


• Approach to quantify improvements in the system performance, including characterization of risk and uncertainties;  


• Approach to quantify (or quantitatively estimate) the socioeconomic value and benefits from the resulting improvements in decision-making; 


• Challenges and risks affecting project success (technical, policy, operations, management, etc.) and the approach to address the challenges and risks; and 


• Relevant tables/figures that demonstrate key points of the proposal. 


• Proposals seeking to create a new decision-making activity should describe the tool, system, assessment, etc. in detail, including the decision analysis, factors, unique roles for Earth science research results, and other pertinent information








Proposed projects can be performed with partners at any level-- subregional (e.g. local, state) to international but must articulate potential national/regional benefits.











�This section should articulate the transition plan, including specific activities to enable the end-users to adopt the enhancements to the decision support activity (or new decision support activity) and sustain their use of the Earth science products within the timeframe of the project. 





What can be transitioned quickly so that “so the decision-making organization(s) can utilize the improvements and society can begin accruing the benefits of the project as soon as possible.”





�This section must articulate the measures (both quantitative and qualitative) the team will use to determine the outcomes, results, and value of the project. The measures should establish the potential improved performance achieved through integration of the Earth science research results. The measures should include those that the decision makers employ, as well as those used to establish the baseline performance. 





�This section must describe the expected results from the project. This section must state the team’s hypothesis for the expected quantitative improvement(s) over the “baseline” performance. This section should estimate the expected improvement(s) in decision-making enabled from the enhanced (new) decision-making activity and the associated socioeconomic benefits from the improved decision-making. This section should be as specific and quantitative as possible. 


 


This section should identify how the expected results will contribute to the specific goals and objectives of the related application area(s). 





�This section should articulate the management approach and structure; plan of work; partnership arrangements; and the expected contribution, roles, and responsibilities of the team members. Project schedule and milestones must be included. Note:  Meetings (number of, frequency of, etc.) do not qualify as project management milestones.





Multiorganizational and disciplinary teams are strongly encouraged.


�Biannual Reports – Performance and Financial  


Brief biannual reports are required that information on the following:  major activities and accomplishments of preceding 6 months, schedule status, financial activity, and performance measures. The report should be approximately 1-2 written pages, with the actual length depending on the level of activity. The first report must identify changes made during the contract negotiations. The Program will work with the project team on an appropriate format. Annual Reviews and Workshops 


Project representative(s) should plan to travel and participate in one Program-sponsored results workshops/conference and annual program reviews. 


 


Demonstrations and Prototypes 


Projects should plan for at least two demonstrations to show technical results and project status:  One or more demonstrations to provide proof of concept and feasibility/potential benefit of the approach, and at least one demonstration to show the use and performance of the enhanced (or new) decision-making activity in the end users’ operational environment. Plans for delivery of project results, algorithms, etc. to NASA and partner agencies should be consistent with the NASA Data and Information Policy. This policy is available at �HYPERLINK "http://science.hq.nasa.gov/research/daac/datapolicy.html"��http://science.hq.nasa.gov/research/daac/datapolicy.html�. 


 


Final Report / Application Report 





�In addition to the brief statements from Co-Is required per Section 2.3.10 of the NASA Guidebook for Proposers, this section may include up to 4, one-page letters from the end-user organizations that will benefit from the proposed project. The letters may include input from the community and beneficiaries served by the end user organizations. All statements or letters must be addressed to the PI and included in the proposal. 





Proposals must demonstrate a strong interest and commitment by the end users of the decision-making activity to adopt the results from the proposed work. The program strongly encourages direct involvement of operational organizations as part of the proposal team (either as a co-investigator or as a collaborator).


�Contributions and cost sharing from proposing institutions and partner organizations is highly encouraged but not required. The Program accepts in-kind contributions during the course of the project as cost sharing. Relevant past work, prior results, or previous support and accomplishments can be described, but the Program does not consider these as cost sharing or in-kind contributions for proposals to this solicitation. 
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