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EXECUTIVE SUMMARY
NASA and the USDA Foreign Agricultural Service (FAS) have funded a collaborative project that will assimilate NASA MODIS data and products into an existing decision support system (DSS) operated by the Production Estimates and Crop Assessment Division (PECAD) of FAS. The University of Maryland will implement a user-friendly system that will allow for the integration of MODIS data products into PECAD’s DSS. The University of Arizona and The University of Missouri are contracted by NASA to facilitate, characterize and benchmark the PECAD DSS before and after the assimilation of new NASA data products.

Collaboration between the USDA and NASA was initiated with several programs in the 1970s, including LACIE and AgRISTARS. The current PECAD system is the operational ‘refinement’ of these historic programs.  

This report characterizes the DSS and provides guidelines, suggestions and recommendations regarding the benchmarking and assimilation of new NASA data into PECAD’s DSS. This document is intended to describe and document the first phase of the benchmarking process: characterize, assess and observe PECAD’s DSS (people and system). This phase should result in the establishment of a benchmarking team, which will implement benchmarking tools and metrics and develop an enhancement plan.

PECAD is intended to provide agricultural intelligence for global food security. PECAD’s mission is “to produce the most objective and accurate assessment of the global agricultural production outlook and the conditions affecting food security in the world”
 . The primary objective of PECAD is to target, collect, analyze, and disseminate timely, objective, useful, and cost-effective global crop condition and agricultural production information. PECAD has a long history of collecting market intelligence, promoting and projecting market imports and exports, and creating reliable production numbers for grains and oil seeds. 
Regional PECAD analysts (12) use a Decision Support System (DSS) that utilizes several different satellite data sources, input databases, climate data, crop models, and data extraction routines to produce images that are used for yield and area estimates to determine production (production=yield*area). The FAS has a global network of attachés that provide on-the-ground reports of observed crop and contextual information.  Also, the FAS regional analysts travel extensively in the countries they cover to more fully develop the context and constraints within which their assessments are made. Other contextual information such as official governmental reports, trade and news sources play a significant role in interpreting how these factors will affect price and policies and other econometric analysis conducted. PECAD’s final production estimate, produced by the 10th day of each month, is based on a convergence of this evidence. The concept of the ‘convergence of evidence’ relies on multiple independent sources of information so that estimates are not driven by a single source.  This methodology in effect minimizes risk of error and maximizes reliability by integration of many sources of information.  Although there are individual preferences among the analysts for certain information sources, they cannot rely on any single source due to limitations in temporal and spatial coverage, timeliness, accuracy and consistency. From a range of data PECAD can confidently provide early warning of unusual crop conditions or changes in the production outlook for a country or region.  This provides the USDA with an information edge and assists the marketplace in price determination and adjustments.  

Each analyst is using the available data sources in a variety of ways, with differences in priority and frequency. The decision to use one data set over another can be related to data quality and availability, geographic location, regional fragmentation, seasonal crop growth patterns, personal preference and numerous other conditions that play a role in the production estimates and crop assessments developed by each analyst. The need for and utility of satellite and other remotely sensed data are increasing.  This is particularly true as USDA develops new initiatives directed at expanding U.S. agricultural exports, combating world hunger, and monitoring global agricultural change. 
The perceived benefits of PECAD’s evolving DSS are: improved quality of crop assessment and production estimates and decisions, improved communication among its users, cost reduction, increased productivity, time savings, and improved customer and employee satisfaction. PECAD’s DSS continues to improve in user-friendliness, and its capacity to conduct special analysis. PECAD’s production estimates are considered to be more reliable and accurate than their “competition”. 

Although each analyst has a disparate array of region-specific data sources and crop growth models at his or her disposal, PECAD’s DSS allows analysts to spend less time on repetitive analysis tasks and more time on utilizing all available data for the monthly crop production assessments. New DSS developments are related to automation of algorithms, analysis tools and visualization. These developments will make data, model results and ancillary data more easily accessible, thus improving responsiveness.  

The CADRE (Crop Condition Data Retrieval and Evaluation) is the main decision support tool used by PECAD analysts. CADRE is a grid-based, geospatial DBMS, which stores numerous data sets and performs various modeling functions. A CADRE redesign is currently taking place to determine how it may be integrated into new applications, and changed to reflect new technologies (e.g. grid size representation, regionalization of databases, etc.). The analysts use a number of historical comparisons to create a production assessment.  The legacy data and systems represented within CADRE must be migrated and integrated into the new configuration so that PECAD can leverage that investment for the future. 

A more structured process is being developed for evaluation, prioritization, and standardization of applications that support the PECAD group.  In the past (and to a certain extent now) tasking was ad hoc resulting in major projects being incomplete in their design while many more trivial tasks were being managed and taken care of.  The first attempt at using the more structured approach was on the ‘Crop Explorer’ site development.  The application developers worked to synthesize and optimize the interactions with the database while at the same time respond to user requests for implementation within the web tool. ‘Crop Explorer II’ is targeted to being more user-defined, with the stakeholders of the information products having reached a ‘consensus’ that has been documented as the product evolved through the application process.

The current development plan to migrate to MODIS includes two major components – Image Processing and GIS.   Both must be enabled to move into and support these new applications. A new image analysis framework is being developed to process all images in an integrated environment to minimize replication and disparity and to optimize automation. It is intended to make a scalable system that is robust and allows for near and off line archiving and storage associated with a DBMS. It intends to support different media and maintain an FGDC compliant archive. 

Bandwidth within the FAS for the PECAD group will likely need to be upgraded to handle the larger file sizes and queries. Moving the CADRE system to take advantage of the MODIS data stream will necessitate changes to the existing CADRE system. Functional IT requirements need to be evaluated as well: Dataflow analysis and sizing the network, Network speed and data drives, and Geo-spatial data base ARCSDE.

PECAD wants to use MODIS rapid response products that can be provided to the analysts and used in semi-real time, ideally the next day. These daily products will be useful for ad-hoc and crop assessment analysis but not for crop production estimates. Rapid response products lack some geo-rectification and atmospheric correction and cannot be compared to historical long-term time series or averages.

Level 3 MODIS products will be more useful to crop production estimates since they are consistent in time and space. A three-year average can be used as a standard as well as a comparison with other years. Timeliness, consistency and coverage remain some of the most important criteria for assimilating new MODIS data products into PECAD’s DSS.

To efficiently integrate MODIS products, several preprocessing steps must precede the data assimilation. A DBMS needs to be developed that incorporates the MODIS data. The 1200x1200 km tiles need to be mosaicked together, reprojected in a common projection and data format (geotiff, binary), and cookie-cut for global agricultural areas of interest to PECAD.

PECAD’s management will likely need to make some adjustments if significant DSS enhancements are implemented. New staff might need to be hired. More training could be needed to keep up with new technological and product developments and user requirements. If new MODIS data products will be assimilated and integrated into the DSS, this will affect information technology, web services, geo-spatial database functions, crop growth model science and crop production estimates and crop assessments.

To benchmark the impact of DSS enhancements, several tools and performance metrics need to be identified and agreed upon by both PECAD and NASA collaborators. To accomplish this, it is suggested that a benchmarking team be established that will define performance metrics and will collect the data that will allow the benchmarking to take place.
Usability and performance metrics are critical factors for the adaptation and assimilation of enhancements to a DSS. Both qualitative and quantitative information will be gathered to benchmark PECAD’s DSS. This will involve the use of web statistics, questionnaires and interviews and other risk assessment tools.
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 INTRODUCTION 

The US Department of Agriculture (USDA) and the National Aeronautics and Space Administration (NASA) recently signed a Memorandum of Understanding (MOU) to strengthen future collaboration.  In support of this collaboration, NASA and the USDA Foreign Agricultural Service (FAS) funded a new project that will assimilate NASA MODIS data and products in an existing decision support system (DSS) operated by the Production Estimates and Crop Assessment Division (PECAD) of FAS. The University of Maryland will implement a user-friendly system that will allow for the integration of MODIS data products in PECAD’s DSS. The University of Arizona and The University of Missouri are contracted by NASA to facilitate, characterize and benchmark the PECAD DSS before and after the assimilation of new NASA data products. 

This report characterizes the DSS and will provide guidelines, suggestions and recommendations regarding the benchmarking and assimilation of new NASA data into PECAD’s DSS. It is anticipated that this document will serve both NASA and FAS. This document is intended to describe and document the first two phases of the benchmarking process: a) Identification and selection of the Decision Support System and the benchmarking partner and b) Characterize, assess and observe PECAD’s DSS (people and system). These two phases should result in the establishment of a benchmarking team, which will implement benchmarking tools and metrics and develop an enhancement plan. Through this assessment both a justification of the program as well as an evaluation of the program baseline will be conducted using to the extent possible the new OMB performance metrics for both their business model as well as a performance model. This document will serve as a basis for the DSS assimilation process and benchmarking of its performance before (state 1) and after (state 2) the assimilation of NASA products.  A general description of the assimilation and benchmarking processes are described in the “assimilation and benchmarking guideline” document.

After the initial meeting between NASA HQ and FAS/PECAD (participants in this January 15, 2003 meeting: Ed Sheffner, Brad Doorn, Curt Reynolds, Allen Vandergriff, Don Brown, Chris Justice, Matt Hansen, Brian Subaran, Assaf Anyamba, Chuck Hutchinson, Wim van Leeuwen and Rodney McKellip), it was agreed to start with the benchmarking process related to the assimilation of MODIS products (vegetation index and reflectance data). Dr. Brad Doorn (PECAD) set up meetings with PECAD personnel and (February 3 till February 12) the University of Arizona and University of Missouri to characterize PECAD’s DSS and start with the assimilation and benchmarking process. Willem van Leeuwen (UA) and Tim Haithcoat (UM) observed and interviewed management personnel, analysts and web developers, system developers and contractors. A considerable effort was made by PECAD to make these interviews possible without impacting the preparations of the analysts for that month’s production estimates and lock-up procedures. Many contributions to this report were provided by PECAD personnel and are based on interviews, documents and web-based material.

The first day at USDA-FAS-PECAD, Brad Doorn provided some basic documents and publications regarding PECAD’s operations, including a 32 page report of a panel that reviewed FAS/PECAD in 1996 (Daughtry et al., 1996). This was followed by a PECAD presentation from Curt Reynolds and a DSS benchmarking presentation from Wim van Leeuwen and Tim Haithcoat. PECAD was very interested in gaining perspective as to where they are now (baseline) and where they want to go and what gaps there are in this planned evolution of their program or division.  This gap analysis would include organizational, developmental (planning), business, and technical components. The following sections are a synopsis of the DSS characterization obtained during the eight days of working with PECAD personnel (table 1). The final sections will address issues related to the next steps in the benchmarking process of PECAD’s DSS and a discussion of future potentially promising assimilation opportunities.

Table 1: PECAD-FAS personnel that participated in the characterization of the DSS and discussions about NASA data assimilation:

	Division Director 
	Allen Vandergriff

	Deputy Director
	Eric Wenberg

	Remote Sensing Specialist
	Brad Doorn

	Imagery Library Coordinator
	Judy Goldich

	USDA Remote Sensing Advisor
	Glenn Bethel

	COUNTRY AND REGION SPECIFIC ANALYSTS

	Argentina, Uruguay, Paraguay, Chile
	Bob Tetrault

	Canada, Western Europe
	Jim Tringe

	Central Europe, North Africa
	Bryan Purcell

	Turkey, Middle East, Southwest Asia
	Maria Anulacion

	Russia, Ukraine, Other FSU
	Mark Lindeman 

	China, Koreas, Japan, South East Asia
	Paulette Sandene 

	Australia, Bangladesh, India, Pakistan
	Jim Crutchfield

	Central and Southern Africa
	Curt Reynolds

	United States, Int'l Weather
	Carl Gernazio 

	Contractors and Support personnel

	Project and development management
	Don Brown

	Web development, data presentation and GIS
	Bob Baldwin, Ilya Rosenfeld, Chris Green

	Data load, Data base, Data extract (CADRE)
	Fred Norfleet, Bertin Noutchang, Alan Howlett

	Image processing  (CADRE)
	Drew Kittel, Melvin Tucker, Steve Macugoski

	Systems Management
	Derrick Parker, Al Cooper, Charles


1. PECAD scope

The Foreign Agricultural Service (FAS) of the U.S. Department of Agriculture (USDA) works to improve foreign market access for U.S. products. FAS operates programs designed to build new markets and improve the competitive position of U.S. agriculture in the global marketplace.  FAS bears the primary responsibility for USDA’s overseas activities -- market development, international trade agreements and negotiations, and the collection and analysis of statistics and market information. It also administers USDA's export credit guarantee and food aid programs, and helps increase income and food availability in developing nations by mobilizing expertise for agriculturally led economic growth.

FAS, the Farm Service Agency (FSA), and the Risk Management Agency (RMA) are all part of the Farm and Foreign Agricultural Service (FFAS) underneath one undersecretary.  FAS must justify their budgets from appropriations and Commodity Credit Corporation (CCC) to the OMB and provide performance metrics.  

PECAD is intended to provide agricultural intelligence for global food security. PECAD’s mission is “to produce the most objective and accurate assessment of the global agricultural production outlook and the conditions affecting food security in the world”
 . OMB has mandated that PECAD provide the productions numbers as an official Federal Economic Indicator.  PECAD production estimates are the basis for commodity price discovery and other economic indicators.

PECAD is responsible for global crop condition assessments and estimates of area, yield, and production for grains, oilseeds, and cotton. The primary objective of PECAD is to target, collect, analyze, and disseminate timely, objective, useful, and cost-effective global crop condition and agricultural production information.  

PECAD is tasked with: 1) foreign crop production estimates, 2) ad hoc or hot spot analyses related to areas of contention, political disturbance, droughts and disasters, 3) special assessment requests from USDA and other agencies related to food aid and emergency response, and 4) U.S. early warning and crop conditions assessments in support of the FSA. 

PECAD has a long history of collecting market intelligence, promoting and projecting market imports and exports, and creating reliable production numbers for grains and oil seeds.  The totality of these numbers must balance globally and regionally. Since the early 1980’s these estimates and forecasts have created a marketing edge for U.S. producers in world markets, and also contributed to an international pricing mechanism that accurately reflects real-world circumstances. These numbers are used to assess the viability of US exports on the global economy, to forecast the impacts of a lack of rain (not drought) on a region’s ability to produce, and to provide assessments useful for Food Aid and Export Credits.  They DO NOT track population growth, nor do they use estimates of population in their activities.  They only send ‘red flags’ concerning production numbers within the grain division and export credits arena.

Regional PECAD analysts (12) use a Decision Support System (DSS) that utilizes several different satellite data sources, input databases, climate data, crop models, and data extraction routines to produce images that are used for yield and area estimates to determine production (production=yield*area). The FAS has a global network of attachés that provide on-the-ground reports of observed crop and contextual information.  Also, the FAS regional analysts travel extensively in the countries they cover to more fully develop the context and constraints within which the assessments will be made. Other contextual information such as official governmental reports, trade and news sources play a significant role in interpretation as to how these factors will affect price and policies and other econometric analysis conducted. PECAD’s final production estimate, produced by the 10th day of each month is based on a convergence of this evidence. The concept of the ‘convergence of evidence’ relies on multiple independent sources of information so that estimates are not driven by a single source.  This methodology in effect minimizes risk of error and maximizes reliability by integration of many sources of information.  

Although there are individual preferences among the analysts for certain information sources, they cannot rely on any single source due to limitations in temporal and spatial coverage, timeliness, accuracy and consistency. From these data PECAD can confidently provide early warning of unusual crop conditions or changes in the production outlook of a country or region.  This provides the USDA with an information edge and assists the marketplace in price determination and adjustments.  This reduces the risk of global market manipulations such as those seen with Russian wheat or China cotton in the past.

Once a month, the US Foreign Agricultural Service and experts from the Economic Research Service are “locked up” in one room to develop an estimate of worldwide agricultural production and yield. During that day, the analysts offer their respective crop production numbers and sometimes have to show the data and reasoning that support these estimates. During lock-up the group may be organized in as many as five (5) committees based on the commodity (i.e. wheat).  The process serves as a ‘virtuous circle’ where validity of production numbers is supported and reviewed until consensus is achieved.  The end result is concurrence on the production estimates that are presented by the World Agricultural Outlook Board.  The National Agricultural Statistic Service (NASS) provide the production estimates for domestic agriculture.  They enter the lock-up at 2:30 a.m. and provide the fodder on the current US production estimates.  The first item undertaken is the balancing of the world supply and demand for these commodities.  Next, the U.S. supply and demand is balanced by the NASS.  U.S. crop forecasting based on a full survey process is then reviewed.  The results of this lock-up process directly affects commodity prices and farmers income and often result in millions of dollars in trade. Monthly revisions of the production estimates are needed to account for changes in weather and other possible factors that have an impact on the harvest. 

PECAD performs a residual duty to provide satellite imagery to other agencies.  NASS and FSA are the largest users obtaining most of the domestic satellite imagery from FAS.  In the past few years demand for satellite imagery has grown for other agencies.  FAS instituted a new agreement with other USDA agencies and now provides an internet tool for agencies to view the FAS archive for ordering.  FAS has saved USDA millions of dollars each year by reducing redundant satellite imagery purchases.

The need for and utility of satellite and other remotely sensed data are increasing.  This is particularly true as USDA develops new initiatives directed at expanding U.S. agricultural exports, combating world hunger, and monitoring global agricultural change.  In addition to foreign crop condition assessment, PECAD works closely with other USDA agencies to provide early warning and critical analysis of major crop events and growing conditions in the United States.

2. Characterization of the FAS/PECAD Decision Support System

2.1 Historic perspective

USDA's space-based crop-monitoring programs began with NASA collaboration (http://www.nap.edu/ssb/rapch2.htm). After launch in the 1972 of the first of the Landsat series of multi-spectral scanners on sun-synchronous satellites, NASA and the USDA began collaborative research that used data from these sensors to estimate crop yield and crop condition for the world’s major agricultural regions. Through their joint efforts, the technology evolved that enabled USDA's current operational programs to, for example, monitor rice, cotton, and soybeans in the Mississippi Delta and Brazil, corn in the American Midwest and South Africa, and wheat on the American Prairie and plains of the former Soviet Union. The USDA's FAS, whose concern is the world productivity of economically important crops, has become the largest user of Landsat data. Congress, agribusiness, the State Department, the Agency for International Development, and the United Nations use its Landsat-based analyses. Several other complementary satellite data sets (e.g. AVHRR from NOAA) are used as well. 

Collaboration between the USDA and NASA was initiated with several programs in the 1970s: first the Large Area Crop Inventory Experiment (LACIE; MacDonald et al., 1975) and then the Agriculture and Resources Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS, 1981). The technologies for land-cover classification developed under LACIE were the foundation for the current operational USDA program. Crop-yield and crop-condition estimation were developed under AgRISTARS. The current PECAD system is the operational  ‘refinement’ of these historic programs.  PECAD’s success is opportunistic as the priorities are driven by events in the world (climate, political, wars, etc.) and their effects on the global agricultural market. It is also important to point out that the farm constituency is key to the survival of USDA and USDA programs within Congress.  Although FAS does not get a lot of Congressional attention because of its non-US focus, production numbers it generates are key to positioning US agricultural interests in the global agricultural market of major grains and oil seeds. The FAS does not monitor the comparatively “minor” crops such as coffee, cocoa, etc., because it is not grown much in the US and is not viewed as an efficient use of their resources. However, some recent research on sugar and the ‘sugar quota’ may add that commodity to their purview. 

2.2 Future outlook

In order for FAS to take the next step in fully exploiting current satellite data as well as to take full advantage of new sensors that are coming on line, PECAD is incorporating new and advanced scientific principles, methodologies, and satellite sensor platforms to provide accurate, near real-time analyses of episodic weather events and report on changing agricultural conditions and production prospects for every region of the world.  The desire is to enable an assessment to be made in 3-4 days using their data streams and sources. Current global hot issues include the further development of the European Union (EU) and its potential effect on the world wheat marketplace.  The EU already accounts for upwards of 25% of the world’s production and their share is growing.  In South America the Brazilian and Argentina soybean and soy meal growth will have significant impacts on global markets, particularly on the US as this market also grows. USDA’s Economic Research Service (ERS) has 350 people and conducts research to test principles within a policy setting (i.e., “What ifs?”).  They help to determine the President’s Budget for Agriculture.  They are also responsible for projecting the US agricultural baseline.  In this pursuit they do not assume any changes in policy, so therefore the change in the EU from 15 to 25 countries is not projected at this time.  New projections occur only after an official change in EU memberships. PECAD’s system will be capable of timely production analysis and global agronomic monitoring to meet intelligence needs of private, public, and national security sectors.

FAS-PECAD must investigate the use of new sensors such as radar satellites to enable them to monitor crops in monsoon climates. MODIS and possibly hyper-spectral satellite sensors will greatly aid in development of spectral libraries for crop type identification, crop stage and crop status. Errors in production estimates would be reduced if more accurate estimates and methods for crop area were developed.

Improved efficiency and transfer of technology for the application of satellite imagery for crop assessments should be accomplished by inter-agency programs and collaboration (FEWS, ARS, USGS, NASA, Universities). At present, there are questions regarding the validity of the assumptions and methods that are being used among these groups, particularly as they are implemented in an operational environment. Improved discussions between FAS and ARS, NASA, USGS etc. are required to define research goals and deliverables. More inter-agency discussions are needed on what the USDA operational users of satellite imagery require to perform their work.  

The organizational structure of the FAS-PECAD group may need to be examined for the integration of these new technologies and approaches to have the fullest and most profound effect on PECAD’s DSS.

FAS-PECAD is looking into collaborating with USGS to be a mirror site for EDC. The idea is to become an ‘affiliate imagery archive’ wherein a lot of intra-agency collaboration could take place. Affiliate Archive is basically a business continuity solution for the EDC and USGS.  USGS/EDC will retain ownership but FAS will provide off-site storage. It is currently unclear how this “affiliate archive” will affect PECAD’s DSS.

A final area of future concern is the realization that NASA is not an operations agency.  This prompts the following questions:

· Who will NASA hand off to for MODIS or future NPOESS operations?

· What will be the operational modes?

· Who will it be maintained by?

· Who will decide its update timeline, sequencing, and definition?

· What is its scalability in terms of information product development and delivery?

· What are its identified interoperability standards to which it is being developed?

· Will there be commercial ventures that will / can respond to an RFP for services derived from MODIS?

· What is this sensors system continuity arrangement?

· How can FAS invest in the transfer to assure continuation of standard, known, information products into the future?

2.3 Current Applications of PECAD’s Resources 

PECAD’s resources are used for a variety of applications and services:

· PECAD’s production estimates are reviewed and approved by the World Agricultural Outlook Board (WAOB) consisting of 26 people, many of whom are the best in the world concerning their area of crop expertise.  They are considered to be savvy yet conservative.
· USDA’s International Area, Yield, and Production Estimates are used as Federal Economic Indicator. 
· The production estimates are used by the FAS Economic Analyst to set trade policy, exporter assistance and export programs, and export credits.
· Assessment of crop conditions and providing early warning alerts.

· Agricultural Monitoring and Food Security.

· Foreign Aid Assessments that determine food import needs.

· Disaster Monitoring and Relief efforts related to agricultural disasters and food aid.

· PECAD’s data archive is providing data and imagery to other USDA Agencies.

Many data products and results are presented on a web-server http://www.fas.usda.gov/pecad/pecad.html; http://151.121.3.218/rssiws/
The United Nations Food and Agricultural Organization (FAO) is the only other agency that provides global production estimates.  They however are tightly constrained by representative governments and is thus very political in nature.  They provide ranges but NO point estimates for production.

2.4 General DSS description

Twelve PECAD analysts estimate production for all agricultural regions of the world by using a DSS. PECAD’s DSS is used to generate evidence of crop characteristics such as weather, vigor, and ground truth/reports which correlate with crop production. The DSS takes agrometeorological data and low-resolution satellite imagery to produce crop model results and preliminary production estimates. These results are compared to FAS attaché crop reports, in-country sources, wire services, and personal knowledge (field trips) to estimate national crop production on or about the 10th  day of each month. The agricultural attaché, assess and inventory activities on farms and elevators within their region once or twice a year.  These people are not GIS/RS specialists but rather come from agriculture / agronomy / agricultural economics backgrounds.  There remain questions as to how they respond and their level of activity. These attachés cover 70% of the gross land area (GLA) and ‘represent’ 85% of the foreign global population.  There are 75 offices in 110 countries.  They provide the ‘local’ market intelligence.  (www.fas.usda.gov/aboutfas.html). 

Several different satellite data sources, input databases, climate data, crop models, and data extraction routines are utilized to produce images that can be utilized for yield and area estimates to determine production (production=yield*area). PECAD’s final production estimate is based on a convergence of evidence analysis. Although there is a preference among the analyst for certain information sources, they cannot rely on any single source due to limitations in temporal and spatial coverage, timeliness, accuracy and consistency of their input data (figure 1). The WAOB makes the final decision about the global production forecasts. There is no process or sampling strategy that the PECAD group uses across the board to make fundamental decisions nor do they conduct in-depth geospatial-statistical analyses. A description of several examples of the processes the analysts go through are described in section 3.9.

PECAD’s decision support system is used at various managerial levels, e.g. analysts and the public, to support several phases of the decision-making process. Some of the data and products used by PECAD have a restricted distribution.  A firewall regulates the different levels of access for FAS, USDA, Federal agencies and the public. The DSS makes use of many different data sources and products. Differences in data timeliness, formats, spatial and temporal resolution, calibration accuracy, and level of atmospheric correction and geo-registration requires a flexible DSS, supporting both quantitative and qualitative decision making processes. They have a great need to verify and validate their process so as to put quantitative bounds of variance or simple variability on their assessments.
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Figure 1: PECAD’s DSS generates a global production estimate that is published after monthly inspection by the WAOB.

PECAD’s DSS supports a variety of decision-making processes and styles (visual aides, spreadsheets, statistics, weather data, soil moisture data, historical records etc). PECAD’s DSS has several user-friendly interfaces (crop explorer, archive explorer, reservoir levels, global port information). Each of the twelve analysts is a decision maker, who controls his or her own decision-making process. The DSS utilizes models for analysis and provides access to a variety of data sources, formats, and types. Some of the crop growth models that are used have only regional applicability. Most data sources have differences in spatial and temporal resolution, calibration accuracy, and level of atmospheric correction and geo-registration. PECAD’s DSS can help the analysts understand problems in addition to providing solutions for the crop production estimate. It should be noted that PECAD’s DSS is in a continuous research and development mode due to their efforts to infuse new information technology, data and models. PECAD’s goal for their DSS is to increase the effectiveness of crop production estimates and solve problems (unstructured and semi-structured) with standard solution procedures and human judgment. New developments will also support easy modification of models.
The perceived benefits of PECAD’s evolving DSS are: the improved quality of crop assessment and production estimates and decisions, improved communication among its users, cost reduction, increased productivity, time savings, and improved customer and employee satisfaction. PECAD’s DSS continues to improve its user-friendliness, and its capacity to conduct special analysis. PECAD’s production estimates are considered to be more reliable and accurate than their “competition”.  PECAD’s production forecasts are the official production basis for US Government agriculture policy, trade policy, food aid policy, and commodity price discovery.  Therefore, the production estimates must be reliable and accurate.   

2.5 PECAD’s DSS subsystems and components

PECAD's DSS has several major components (Figure 2), the main ones being a data management subsystem, a model management subsystem, a knowledge management subsystem and a user input/output subsystem (sometimes called a dialog management system). Together these DSS components help enter requests conveniently, search vast amounts of data, use data in desired models, and present results in a readable and visual manner. The DSS could capture and reuse knowledge at the organizational level and be a knowledge repository.

The Data management subsystem consists of a DSS database, a database management system, a data directory query facility and gives user access to databases with current and historical data (a data warehouse). It is linked to external databases (e.g. NOAA and Air Force weather data). Timeliness and availability of data allows for prompt action. Maintaining currency and integrity of the database is an important task. 


The Model management subsystem consists of a model base, a model base management system, modeling tools, model directory, a model execution, integration, and command processor, and is capable of selecting the appropriate model to analyze data (e.g., crop growth model for wheat in Russia). Model language consistency needs to be established. 

The Knowledge management subsystem has a knowledge management component to make intelligent use of previous analyses (e.g., data mining) and provides expertise in solving complex unstructured and semi-structured problems with expertise provided by an expert system (e.g.crop calendar and crop growth model prediction).


The user interface subsystem (dialogue) includes all communication between the user and other modules. It prompts the user to select a model, and also allows database access and data selection. It lets users enter/change parameters and allows for the display of analysis results in the form of textual, tabular, and graphical formats. PECAD’s DSS has a somewhat flexible interface with an ability to analyze, compare and highlight trends. The graphics help explore situations quickly. The DSS has some performance monitoring capability build in to increase control and conduct impact analysis.

PECAD’s DSS allows for the utilization of many different sources of data and models. A web-interface allows for better communication with the public and provides a consistent interface for analysts. The ‘integration’ takes place via GIS systems (ArcGIS) where the data sources are geographically combined in a visual assessment to determine a ‘convergence of evidence’ analysis whereby production can be estimated from the yield and area parameterization. Although each analyst has a disparate array of region specific data sources and crop growth models at their disposal, PECAD’s DSS allows analysts to spend less time on repetitive analysis tasks and more time on utilizing all available data for the monthly crop production assessments. New DSS developments are related to automation of algorithms, analysis tools and visualization. These developments will make data, model results and ancillary data more easily accessible, thus improving responsiveness.  

PECAD’s DSS provides an environment for utilizing knowledge and acquiring experience and allows for improved sharing of data and models. The use of this DSS allows for rational and more efficient decision making, de-emphasizing 
social, intuitive, and personalized approaches to reaching solutions.

PECAD’s DSS allows for varying usage patterns for the user, the manager, or the decision maker and allows for intermediary access by staff-assistants, expert tool users and developers, system analysts etc. PECAD’s DSS is incorporating new management tools in Data access and Online analytical processing (OLAP) using Internet and Intranet Web tools.
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Figure 2: PECAD’s DSS Sub-systems

2.6 PECAD’s DSS Classification

PECAD’s DSS is a data driven DSS as it is mostly used to extract and analyze information from databases. Operational crop growth models for certain regions and specific crops are used sparingly in PECAD’s DSS. Consequently, only unstructured and some semi-structured processes are contributing to the final decision making process about the crop production (Figure 3).

Another way to characterize PECAD’s current DSS (2/2003) is by evaluating information and data characteristics by establishing where they fall under the different types of decisions and problems (Figure 4). It can be noted that the information and data characteristics that are input to the DSS lend themselves to a range of decision-making and problem solving categories. This is a subjective way of characterizing the decision and problem framework.
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Figure 3: FAS-PECAD is a data based DSS with limited model based components
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Figure 4: Current (2/2003) Information and Data Characteristics for the Different Types of Decisions USDA/FAS/PECAD makes (Production estimate and crop assessment). This is a subjective characterization of PECAD’s DSS and another method of classifying DSSs beyond the classification in section 3.7.
2.7 Decision-Making Environment Classification - State 1

Figure 5 illustrates the State 1 classification of PECAD’s DSS.  The problem framework of this DSS covers a variety of problems, most are semi-structured (e.g. vegetation index numbers (VIN) interpretation using GAC data and comparing them to historical averages). However some DSS components are more unstructured (e.g. Tailored visual image interpretation) and others are more structured (e.g. crop model results). The average problem framework would be semi-structured and complex [5].  State 1 is noted to require a large variety of knowledge types, tacit, declarative, procedural, esoteric, exoteric, deep and shallow knowledge [1, 3, 4, 5, 6, 7, 8] in a both functional and interpretive knowledge management paradigm [1,2].  Finally, the classification tells us that the decision-making environment is consensual (convergence of evidence), empirical (e.g. weather and VIN evolution over time), synthesis driven (analyst vs. FAS attaché), and thus holistic as it incorporates multiple perspectives [2,3,4,5].  There are also ethical considerations involved because of the secrecy before and during “lock-up” procedures. 
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The classification scheme might change as a result from upgrading this same DSS to an enhanced State 2 by incorporating timely and consistent MODIS data.  The problem framework might change to a semi-structured/modeled and semi-structured/complex problem [4,5].  This suggests that part of the problem has been constrained in degree of complexity—part remains complex—thereby making a part of the resultant DSS function at a more routine level and thus be more amenable to algorithmic solution.  However, because of the convergence of evidence approach, part of the process will always remain unconstrained. This has a number of important ramifications, among which are that it offers the prospects of:

1. timeliness of production estimates and disaster assessments

2. reduced uncertainty through the addition more independent evidence

3. enhanced repeatability of results, 

4. increased accuracy of production estimates, 

5. increased socio-economic benefit.  

These changes are positive and should result in an assimilation effort that is valuable to both FAS-PECAD and NASA.

2.8 PECAD’s sources of input data

Currently 95% of the PECAD budget for imagery goes out to ‘commercial’ imagery providers.  U.S. data alone amounts to approximately $1 million per year.  There are many vendors who are ready and willing to deal with them given this purchase volume.  For example they buy TM data from March through November that has 50% or less cloud cover.  If there is money left in the imagery budget after this purchase, it is used to buy ‘best of season’ over either range or forest areas.  The contract specifies that they are to typically receive their information within 12 days of acquisition.  Currently they are subcontracting with EarthSat for much of this acquisition and work.  An important consideration is that there are no contract management staff within FAS.    Suggested staffing might include one project manager that would then be able to model or follow EDC, NASA, or Raytheon leads.

2.8.1 Remotely sensed Vegetation Data (satellites)

1. Medium-resolution & temporal coverage

· NOAA-AVHRR (1 & 8-km)

· SPOT-IV (1-km)

· MODIS (250-meters) (planned)

Currently there are data continuity problems with AVHRR (cross sensor calibration issues stemming from changes made by NOAA in the sensor configuration parameters) as well as SPOT VEG (timeliness issues – haven’t received a scene for almost two (2) months).  It is hard to make crop production assessments without the images!

2. Fine-resolution sensors

· Landsat-7 (30-meters)

· SPOT & IKONOS & Quickbird

University of Maryland is heavily relied upon to provide satellite imagery ‘services’ (AVHRR and MODIS) to the PECAD. PECAD is currently working with a 10-day cycle of monitoring with AVHRR from which a composite is built.  The composite is intended to be cloud free.  For Landsat they simply create a 4-5-3 false color short-wave image for visual interpretation and ‘validation’.  They would like to evaluate MODIS daily data ‘without’ clouds.  Currently they are NOT provided cloud-screened products from Maryland. Most assessments are done through visual evaluation where derived products (usually false-color imagery) are shown within a presentation.  Much work needs to be conducted on standardizing legends and other basic elements.  The goal is to try to define and derive a foundational set of standard products obtainable from the various imagery sources. The key to operational use is continuity in both the Landsat and MODIS missions arena.

2.8.2 Agrometeorological parameters and data sources

(http://151.121.3.218/rssiws/datasources.cfm)

	Agrometeorological
Parameters
	Coverage
	Spatial Resolution
	Temporal Resolution
	Update Frequency
	Source
	Processing agency

	 Input Data

	Precipitation (mm)
Min/Max Temperature (°C) 
	Global
	Station
	Daily
	Daily
	Stations
	WMO

	Precipitation (mm) Min/Max Temperature
Snow Depth (cm)
Shortwave & Longwave Radiation
Actual & Potential Evapotranspiration (mm) 
	Global
	1/8-mesh grids
	Daily
	Daily
	Stations
GOES
SSM/I
	AFWA

	 Normal Baseline Data

	Precipitation  (mm)
Avg. Temperature (°C) 
	Global
	 Station
	Monthly decadal & daily
	N.A.
	Stations
	WMO and NOAA

	Precipitation (mm)
Temperature (°C) 
	Global
	1/8-mesh grids
	Monthly decadal & daily
	N.A.
	Stations extrapolated to 1:5 M Scale  (~10-km pixels)
	FAO/IIASA

	Soil Water-holding Capacity (mm)
	Global
	1/8-mesh grids
	N.A.
	N.A.
	FAO/UNDP Digital Soil Map of the World (1:5M Scale)
	FAO

	Digital Elevation Model (DEM) (meters)  
	Global
	1/8-mesh grids
	N.A.
	N.A.
	1:5 M Scale (or 5-minute resolution, ~10-km pixels)
	UNEP GRID

	 Additional Output Data Products (Agrometeorological, Soil Moisture & Crop Models)

	Avg Temperature
PET (from FAO-56 Pen-man Monteith equation) 
	Global
	Stations & 1/8-mesh grids
	Daily
	Decadal
	Stations & 1/8-mesh grids input data
	PECAD

	Top- & sub-layer soil moisture (mm)
Percent soil moisture (%) 
	Global
	Stations & 1/8-mesh grids
	Daily
	Decadal
	Stations & 1/8-mesh grids (AGRISTARS Models)
	PECAD

	Crop Calendars
	Global
	Stations & 1/8-mesh grids
	Daily
	Decadal
	Stations & 1/8-mesh grids input data
	PECAD

	Crop Stress and Alarms
	Global
	Stations & 1/8-mesh grids
	Daily
	Decadal
	Stations & 1/8-mesh grids input data
	PECAD

	Automated Maps & Graphs 
	Global
	1/8-mesh grids
	Daily
	Decadal
	1/8-mesh grids input and normal databases
	PECAD


Table 2: Sources of agrometeorological parameters and data 

2.8.3 CADRE (Crop Condition Data Retrieval and Evaluation)

The CADRE (Crop Condition Data Retrieval and Evaluation) is the main decision support tool used by PECAD analysts. CADRE is a grid-based, geospatial DBMS, which stores numerous data sets and performs various modeling functions.  The 69 million records in this CADRE database are currently being reviewed and an assessment made as to its migration to another database format and structure. The CADRE redesign is currently taking place removed from other operations in terms of how it may be integrated into new applications and changed to reflect new technologies (i.e. grid size representation, regionalization of databases, etc.). The analysts use a great deal of historic comparisons to build an assessment (i.e. percent change in area, percent change in production, historic patterns to bracket current numbers, 10 yr – 5 yr – 3 yr rolling averages).  The legacy data and systems represented within CADRE must be migrated and integrated into the new configuration so that PECAD can leverage that investment for the future. 

A brief list of input data, climate normals, crop information and models, and data extraction routines performed within CADRE include:

Time-series data sets

a. Daily WMO station data (precipitation, minimum and maximum temperatures) 

b. Daily agrometeorological data derived from station and satellite data, and imported into 1/8 degree grid cells (precipitation; min and max temperatures; snow depth; solar and longwave radiation; potential and actual evapotranspiration). 

c. Daily VINs (vegetation index numbers) derived from LAC (Local Area Coverage, approx 1.1-km pixels) data of the NOAA-AVHRR satellite series and imported into 1/8 degree mesh grid cells. Coverage only for the USA.

d. Decadal VINs (vegetation index numbers) derived from GAC (Global Area Coverage, approx 8-km pixels) data of the NOAA-AVHRR satellite series and imported into 1/8 degree mesh grid cells. 

Normal baseline data sets

a. Normal precipitation and temperature values for WMO stations (from WMO and NOAA) 

b. Normal precipitation, temperature, potential evaporation, and elevation values imported into 1/8 degree mesh grid cells 

c. Soil-water holding capacity imported into 1/8 degree mesh grid cells (from FAO’s Digital Soil Map of the World, 1996) 

d. Decadal VIN normals or averages for the GAC data set.  

Crop Information and Models (for wheat, corn, and soybeans)

a. Crop type and average start of season 

b. Average yield and area planted 

c. Percent crop production within a country 

d. Two-layer soil moisture algorithm 

e. Crop calendars and models (based on growing-degree days) 

f. Crop stress or alarm models for corn and wheat (based on soil moisture and temperature thresholds) 

g. Crop water production functions to estimate relative yield reductions (yield reduction models)

h. Crop models by Ritchie (1991)

CADRE extraction routines

a. Automated maps and graphs generated every 10-days for display on Internet 

b. Interactive ARCVIEW 3.2 scripts for displaying station and grid cell data 

c. Interactive CADRE extract program for displaying graphs
PECAD continues to develop, assess and test operational crop models over large areas for accuracy and improvements.  Current crop model development has focused on spatial expansion of baseline data sets for global coverage and on the automation of Soil Moisture, Crop Calendar, & Alarm Models.
2.9 Examples of production estimates by Analysts

The regional analysts all have different expertise and educational backgrounds and have access to different data sources. The differences among regions are related to the infrastructure of the region, timeliness and accuracy of data, satellite images with different spectral, spatial, temporal and radiometric characteristics, precipitation and soil moisture data, seasonal weather patterns, cloudiness, field reports, political and economic strategies and openness and many other region specific variables. Some analysts have access to this and last years’ commodity statistics of the country of interest, other analysts have no commodity statistics at all. Most analysts are using simple visual interpretation to add ‘evidence’ to their evaluation. Some analysts can by-pass the use of remotely sensed imagery because of the nature of reporting within the region and / or the type of crop being reported.  For example cotton production estimates are generated from very reliable gin data from west Africa.  In some cases the attaché reports are very good.  In other cases (i.e. Canada) the government reports are very reliable.  The ability to use remote sensing as well as the value of using remote sensing varies region by region, country by country. The implementation of a more robust image component carries with it educational and training costs for the analysts and other staff working with these imagery data. 

The following sections are a few examples that represent the different approaches among analysts as well as an insight into the region-specific situations. Results of the analyses are archived on PECAD’s web at http://www.fas.usda.gov/pecad/archives/2003_archives.html. 

Because no region is the same, all analysts will use PECAD’s DSS in a different expert manner.

2.9.1 Curt Reynolds (sub-Saharan Africa)

Curt Reynolds has a PhD in Agricultural & Biosystems Engineering/Irrigation Engineering and

Water Resources Management.  He has worked for PECAD for 3.5 years as a crop analyst for sub-Saharan Africa, and is also responsible for improving baseline data sets, spatial crop models, and remote sensing products. He has been instrumental in expanding the use of crop growth models in general and integrating FAO’s soils database into CADRE to better predict soil moisture conditions. Crop models are not VIN-driven but based on agro-meteorological data. This makes them independent sources for production estimates.

In summary, Curt Reynolds has made the following improvement in PECAD’s soil moisture and crop models:
· Soil moisture and crop calendar models were not available before 1999 for most countries located outside the former Soviet Union, China, and USA due to the lack of soil water-holding capacity data, poor potential evapotranspiration (PET) equation (Thornthwaite) for arid regions, and lack of start-of-season data.  Soil moisture models appear to be working OK for all countries. Winter wheat crop calendar appears to be working OK for all countries, but India and Australia do not grow winter wheat.  The corn and spring wheat crop calendars in Australia and India need to be adjusted for crop varieties. Currently, the corn and sorghum calendar models are being adjusted for all countries in sub-Saharan Africa and probably will not work on crop models outside of sub-Saharan Africa this year.
· PECAD’s soil moisture and crop models were expanded to run for all countries outside the former Soviet Union, China, and USA by:
· providing CADRE grid cells with soil water-holding capacity data derived from the FAO’s Digital Soil Map of the World, 
· revising the PET equation by using the FAO-56 Penman-Monteith  (1998) equation which is more versatile for different climates, and 
· providing CADRE grid cells with average start-of-season data for the winter wheat, spring wheat, corn, and sorghum crop calendar models.
Curt is also using SSM/I data to evaluate soil moisture conditions.  SPOT Vegetation is another data source that can be used over Africa, but data processing problems in Europe caused a delivery lag for two months. This is another reason why analysts work with several data sources, just in case a satellite image cannot be delivered, has too many clouds, or is too degraded to be reliable.

Some of Curt’s web updates with PECAD can be found at:

South Africa
http://www.fas.usda.gov/pecad/highlights/2003/01/south_africa_corn/index.htm
http://www.fas.usda.gov/pecad/highlights/2003/03/south_africa/saf_croptour.htm
Tanzania
http://www.fas.usda.gov/pecad/highlights/2003/03/tanzania/index.htm
Ethiopia
http://www.fas.usda.gov/pecad2/highlights/2002/10/ethiopia/index.htm
West Africa’s Cotton Zone
http://www.fas.usda.gov/pecad2/highlights/2002/09/franc_zone/index.htm
Mali
http://www.fas.usda.gov/pecad2/highlights/2002/09/West_Africa/index.htm
Cote d’Ivoire
http://www.fas.usda.gov/pecad2/highlights/2002/09/cote_divoire/index.htm
http://www.fas.usda.gov/pecad2/highlights/2002/02/cote_divoire/index.htm
Senegal
http://www.fas.usda.gov/pecad2/highlights/2002/09/senegal/senegal_peanuts.htm
Nigeria
http://www.fas.usda.gov/pecad2/highlights/2002/03/nigeria/nigeria_rice.htm

As a regional analyst (real examples can be found from the above Africa country articles), Curt Reynolds uses the following list of data sources to monitor crop production:

· View NOAA’s Surface Wetness product derived from SSM/I to identify early wet and dry conditions in Africa.
http://lwf.ncdc.noaa.gov/servlets/SSMIBrowser
· Monitor cumulative rainfall data compared to long-term normal conditions for crop regions defined by Crop Explorer.
· Monitor seasonal vegetation health and anomalies with NDVI data (AVHRR (8-km and 1-km) and 1-km SPOT-VEG---LAC data from PECAD image packs, and GAC and SPOT-VEG data displayed in Crop Explorer).  
· Utilize AFWA and WMO rainfall and temperature data (for crop regions defined by Crop Explorer).
· View soil water balance models and crop calendar models (from Crop Explorer).
· Closely monitor min/max temperatures during critical crop stages (from Crop Explorer).
· View seasonal crop model results at several different internet sites such as:
http://www.earlywarning.nl/earlywarning/ew_index.htm
and http://www.agrista.com/
· View seasonal rainfall anomalies from NOAA’s RFE products at
http://www.cpc.ncep.noaa.gov/products/african_desk/meteosat/
· View USGS FEWS products (especially Onset of Rains, WRSI, and Dry Days) at:
http://edcw2ks21.cr.usgs.gov/adds/imgbrowses1.php?pass=1
· Summarized crop calendars and crop regions for most countries in Africac.
· Identify croplands by using 1-km IGBP data set derived from AVHRR and 30-meter GeoCover LC product derived from Landsat.  Sometimes look at other landcover products such as 1-km VEGA 2000 derived from SPOT-VEG, 1-km Boston Univ. Landcover derived from MODIS, and 1-km Univ. of Maryland Landcover product derived from AVHRR.  
· Utilize Landsat data periodically to monitor year-to-year crop conditions, floods, and changes in planted area for certain regions.
· Utilize 250-meter MODIS images from UMd’s Rapid Response Image Gallery at:
http://rapidfire.sci.gsfc.nasa.gov/gallery/  
· Collect current and historical crop production reports from FAO, FEWS, FAS attaches, national governments, GlobeCot, Cotton Outlook, and ICAC.
· Extensively use Garmin GPS, digital camera, GeoCover MrSid files (at https://zulu.ssc.nasa.gov/mrsid/), and GeoCover LC for crop travel.
· Utilize ancillary data such as ESRI’s admin boundaries, USGS HydroDEMs and streams, and Digital Chart of World (DCW) databases. 
· Monitor ENSO conditions at:
http://iri.columbia.edu/climate/ENSO/currentinfo/QuickLook.html
and  http://iri.ldeo.columbia.edu/
and  http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_update/index.html
Curt is currently using the IGBP land cover classification of Loveland and Belward (1997), because some areas in Kenya were bad in other land cover products (pers. comm. Reynolds). The new MODIS land cover product is going to be evaluated. Possible new products: NPP, Land cover products from MODIS continuous fields for crop land, and albedo. 

The planned MODIS vegetation index product will provide a consistent 250m data set, both daily and every 16 days with quality assurance flags. There is also a need to get RGB images based on reflectance data. A comparison of current MODIS NDVI data to a three- to five-year average would be sufficient. Long-term averages that include more than 3 or 5 years often do not take into account land use changes and sensor changes. Inter-calibration of sensors is not crucial if a MODIS 3 –5 year average can be achieved. A Rapid response system will help improve production estimates.

2.9.2 Mark Lindemans (Former Soviet Union)

Mark Lindemans is an agronomist and has worked as a crop assessment analyst for PECAD for fifteen years. His production estimates are mostly focused on wheat and barley in the Former Soviet Union (FSU), Kazakhstan and Ukraine. He is using the crop models that were developed by LACIE for the Soviet Union. July is critical for yield potential. For his crop production assessment, he is using mostly daily LAC and 10 to 15 day GAC data EVI (NIR-red) and NDVI.  He has problems with AVHRR-14 and AVHRR-16 continuity.  AVHRR-16 was lower than AVHRR-14 NDVI. Calibration issues are important for comparisons with last year’s data. The VINs (vegetation index number) are critical and most important. Precipitation data is of secondary importance for his case.

Production estimates are initially based on statistics from the state statistical committees (Goskom stat). During the cold war, production was often intentionally overestimated (to make the SU look good). Currently it tends to be underestimated (e.g. to avoid taxes). 

Yield assessments from crop growth models are not very accurate. Because of the lack of better maps, Mark is still using an acreage map from LACIE, which was developed 20 years ago for the Soviet Union. Crop areas vs. non-crop areas are hard to estimate, even with Landsat. Salt affected areas are often deleted. The VIN and yield numbers are used qualitatively. WMO station precipitation data is discontinuous but the Air Force gridded data is at 40 km. Minimum temperature and snow cover maps are important to detect frost damage. Snow tends to insulate the crop from the cold temperatures. He is using a convergence of evidence approach. An example of a wheat crop production assessment by Mark Lindemans is given at the following web site: http://www.fas.usda.gov/pecad/highlights/2002/12/rs_11dec2002/index.htm

The Wolga region assessment example could be used to test system performance:

2000 and 2001 had AVHRR-14 and AVHRR 16 data, respectively. Mark had no great confidence in the data. The analysis is mostly based on qualitative data due to lack of consistent calibration, sensor degradation, tracking, and lack of atmospheric corrections. The Wolga region can produce between 11 and 34 Million tons of grain. (1998: 11 million tons produced; 1997: 34 million tons produced). Last year the Wolga region produced 24 million tons, but only 16 million tons were predicted by FAS-PECAD. This underestimate was due to a lack of data as well as a lack of confidence in the available data. The consequence was an unexpectedly large export of wheat to Europe that adversely affected US trade interests.

“MODIS would help because of better spatial resolution and would boost confidence if two data sources (GAC and MODIS) agree. SPOT Vegetation is currently only produced over Africa for FEWS and not for FSU. The SWIR band on MODIS is very important for field image interpretation, similar to TM, but more frequent data.”

“Confidence in the production numbers and adjustments will increase if more than one data source converges to higher or lower production. Reliability of the data source is very important. The MODIS data stream will prepare us for the VIIRS data stream.”

2.9.3 Carl Gernazio (western US)

Carl Gernazio is a veteran analyst for the Western United States and provides International weather forecasts as well. He works on:
· Crop condition estimates (Kansas, North Dakota, California, Texas) 

· Hazard alerts

· Anomalous events (snow, hail, freeze)

Carl historically used MSS then TM, and some DOQQ.  He has three years of LANDSAT jpeg images of US croplands (growing season from March 1st until Sept 30) residing on his workstation. Most analysts have a dual monitor PC desktop. Carl is using newer and better tools with better resolution data as they are developed (e.g., Crop Explorer [see explanation below]. He mostly uses jpeg images for qualitative analysis. See http://www.fas.usda.gov/pecad2/highlights/2002/06/ColoradoJune2002/index.htm for an example.

This is the general approach that Carl uses:

1. Looks at three days of LAC data (RGB and VI  (EVI = NIR-red))

2. Look at some TM data (any scene < 70% clouds)

3. Look at 10 day composites of GAC data

4. Look at color composite RGB (NIR, red, red)

5. Look at difference from last year

EVI (NIR-red) is sometimes better than NDVI for monitoring emerging and senescent vegetation. Carl does field verification with a GPS and digital camera (shape file of field data and county over image) and rectified TM data. Example: http://www.fas.usda.gov/pecad2/highlights/2002/05/ks_wheat_tour_2002/index.htm. 

Crop-watch (http://cropwatch.unl.edu/weather.htm) and drought monitor (http://drought.unl.edu/dm/) also provide useful data that Carl uses when needed. Information from other websites is used to help with the convergence of evidence approach to make the production estimates. 

Although Carl is associated with FAS-PECAD, he basically supports the NAS and FSA with their crop assessments. The function of the FSA is to help farmers with farm income, help conserve land and resources, provide credit to new and disadvantaged farmers and ranchers, and help farm operations recover from disasters. NAS production estimates are based on the replies farmers provide to inquiries by the FSA.

Every other week, Carl also provides a global weather briefing to PECAD’s analysts.  Carl does the weather briefing one week and Paulette Sandene, (She is crop analyst with 17 years of experience (Background: Geographer)), does the briefing the following week. http://www.fas.usda.gov/pecad/weather/weekly.html

“Timely temporal and fine spatial resolution MODIS data will help improve crop production estimates.”

2.9.4 Jim Tringe (Canada, western Europe)

Jim Tringe is a geographer with a background in agricultural engineering. He started working as an analyst of FAS 2 years ago. He had experience with coverage estimates for crops using Landsat data.  Several examples on PECAD’s website show how he has analyzed drought in Canada, as well as monitored decreased yields in Germany due to adverse weather conditions during harvest time; http://www.fas.usda.gov/pecad2/highlights/2002/09/canada/index.htm; http://www.fas.usda.gov/pecad/highlights/2002/11/eu15/index.htm

Jim is using mostly GAC NDVI 10 or 15 day composites, depending on availability. Landsat data is non-corrected over Canada. He also uses some field-based observations. He rarely uses LAC data because it is not time-composited and the naming conventions are awkward for routine use. He does not use any derived product from LANDSAT, just RGB and standardized masking and linear stretch looking at spatial patterns. He uses Crop Explorer to verify crop stages. For Canada, Jim is using the basic LACIE and AGRISTARS methodology for his production estimates.

Jim uses a spreadsheet that allows for some decision-making hierarchy:

· Yield type (good …bad)

· Yield*area=production

· Area from Canadian census 

Jim likes to work in ARCMAP and spreadsheet environment. Jim is on a shared network, which sometimes can be a bottleneck.

Jim uses a PC-geomatica-PCI-XL interface and developed scripts to summarize the quality of the images he is using. A LANDSAT cloud mask is created for this LANDSAT data using a semi-automated- interactive process. Jim’s priority list for production estimates:

1. Canadian report

2. GAC vegetation NDVI data

3. Precipitation and temperature from CADRE

4. Crop stage models

5. LANDSAT for verification

Jim’s comments: MODIS 250 m data could be used the same as AVHRR and TM due to better temporal resolution than TM and better spatial resolution than 8 km GAC

1. MODIS data has potential for area estimates over Canada

2. Timeliness is very important

3. Compare to other years and normal or mean (3-10years)

4. Use the data more quantitatively to adjust yield

a. Data drilling capability use a cloud mask

b. Geotiff

5. Some ARS relations but he needs more application research support. It is not a two-way street of exchange of information.

2.9.5 Jim Crutchfield (Australia, Bangladesh, India, Pakistan)

Jim Crutchfield is a Soil scientist and Agronomist, and started working as a crop analyst for FAS 5 years ago.

His general approach is as follows:

· Starts with a production estimate data base

· Looks at commodity stocks

· Area estimate stats-reports

· Looks at 5 year average in terms of area , yield and production

· Weather database  (Also using weather data from other sources in Australia)

· Historical statistics (using an elaborate database spreadsheet)

· Crop calendar is static

· Shire and regional information

· Use cumulative VINS with GAC data (Using relative VI to measure drop in production; 40 km GAC data; 10 days-15 days composite; year to year comparisons important)

· Year to year comparison; dry season to dry season comparison

· Images are used at WAOB situation briefing

· Field trips are made to learn and validate some data sources and provide a confidence booster

Curt Reynolds expanded the crop calendar models for winter wheat, spring wheat, corn, and sorghum, but the spring wheat and corn models need to be adjusted for the proper crop varieties grown in India and Australia.”  The FAS attaché helps to determine production numbers by calling around to traders.  The March area planting number is most important for production estimates and Jim needs a better estimate of crop area extend. 

Jim is using WMO data for Australia and sometimes for India. The AF database for Pakistan is not as good as for other countries.  India and Pakistan have bimodal growing seasons.

2.9.6 Maria Anulacion (Turkey, Middle East, Southwest Asia)

Maria Anulacion has a civil engineering background and used to work as an analyst on Argentina for a few years. Maria started to work in October 2002 on Middle East Countries including Afghanistan and Iraq. Maria does not have much reliable in-country data to work with (e.g. agro-meteorological and historical Landsat data). She is using FAO numbers as a guideline since they are more consistent and are based in-part on country visits. There is only one attaché in Cairo for the region. She is working on a better crop calendar database and crop area extent. Unfortunately Crop Explorer does not cover the southern Middle East countries. The use of remotely sensed imagery as a visual aid is important for briefings. She uses news reports from other sources where possible. An Example for Iraq and Afghanistan: http://www.fas.usda.gov/pecad/highlights/2003/01/Iraq_update/index.htm
http://www.fas.usda.gov/pecad/highlights/2002/11/Afghanistan/index.htm
2.9.7 Bob Tetrault (Argentina, Uruguay, Paraguay, Chile)

Bob Tetrault is a plant pathologist and entomologist  and started in 1991 as an analyst for FAS. Bob provides crop production estimates for wheat, sorghum, soybean, and corn.

An “unsupervised classification project” is underway now. 1200 points in Argentina will be used to provide ground-truth using a Space Imaging product. The farmers will do field checks. A raster based TM map is being developed, using a Modified Anderson land cover classification for Nov/Dec.

Some crop production estimates in Argentina are especially difficult because they sometimes have two crops. After the harvest of wheat, a 2nd crop of soybeans will be planted. A so-called 1st crop soybean will be growing before the 2nd crop soybean has emerged. However, the yield of the 1st crop soybean is higher than the 2nd soybean crop. The system also has corn and some fallow and no-tillage wheat stubble.

For each crop class in Argentina, a Landsat VINS is extracted. Bob wants to calibrate LANDSAT VINS with MODIS VINS for better interpretation and mapping purposes. Some problems with the cross-sensor use of VINS could be related to the differences in atmospheric correction levels.MODIS would offer timely crop area estimates.

Bob uses AF data and WMO data for precipitation estimates of Argentina. Bob uses Crop Explorer for data sources and crop calendar. Example:

http://www.fas.usda.gov/pecad/highlights/2003/02/AR_update_feb2003/index.htm
Bob has a long term data base spreadsheet providing information about production and planted area.  More research support from ARS is needed to better determine crop stages for wheat, soybeans and corn and monitor crop stress. Bob estimates in May 2002 what the harvest will be for April 2003. He is typically about 20% off in beginning of the growing season, but he hopes to get quicker convergence to final production estimate. 

System and data requirements and goals:

· Better and earlier accuracy 

· Convergence of evidence

· DSS process knowledge base will change

· GIS usable data important

· LANDCOVER from MODIS

2.9.8 Data utilization priority and frequency

The previous sections show that each analyst is using the available data sources and in a variety of ways, with differences in priority and frequency. The decisions to use one data set over another can be related to data quality and availability, geographic location, regional fragmentation and seasonal crop growth patterns, personal preference and numerous other conditions that play a role in the production estimates and crop assessments by each analyst. Most analysts try to use independent data sets to evaluate if the crop production results agree with each other. If similar results are found, convergence of evidence will minimize the risk of error and maximizes reliability of the crop production estimates. 

To get some insight into the usefulness and utilization patterns of all the different data sets, a matrix with most of the different data sources is presented in Table 2. It is intended for all the analysts to indicate the priority for each of these data sets as well as frequency of use.

Priorities could be ranked 1 thru 5 according to the following scheme:

· 1 = high priority 

· 2 = medium high priority 

· 3 = medium priority 

· 4 = medium low priority

· 5 = low priority.

Frequency could be ranked in terms of daily, weekly, biweekly, monthly, seasonality, and ad-hoc of use of the data sources and products:

· D = Daily

· W = Weekly

· B = Bi-weekly

· M = Monthly

· S = Seasonal

· A = Ad-hoc

Based on the input of the analysts, an attempt will be made to represent the priorities and use-frequency all data sources.
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Table 2: Data utilization priority and frequency (to be completed)

2.10 Information Technology –Network – Data storage

2.10.1   Computing Environment – Governance

The goal of the information technology group is the efficient and timely delivery of the right data to the right people.  Currently though there seems to be some confusion as to who’s responsible for what, and who makes the decisions and in what direction.

FAS has made great strides in outsourcing technical components and personnel within the IT environment.  They have not, however, been able to employ new FAS personnel in a project management type position.  Currently they are running a bare bones management and support staff.  It is important to note that only government employees can perform the analyses and participate in the ‘lock-down’.  Contractors staff positions such as GIS Specialists act as junior support for the government analysts.  These government analysts drive the DSS for the IT contractors. A major effort is now underway on the contract management side as more basic elements are subcontracted out (OMB Directive) and PECAD governmental staff are put in roles as contract managers.  However, no metrics are being actively collected so the impact of these changes may be lost to the PECAD as it tries to justify and report OMB metrics.

Currently decisions are made via contracted task lists with the contractors.  The contractors provide status reports and updates to the management.  Gantt charts and other reporting mechanics are used.  The IT Contract manager, Don Brown, has recently drafted the following plans to address current and future system changes and developments:

1. Technical management plan

2. Software development plan

3. System development plan

4. Web development plan

This type of integrated design and development plan is required to facilitate new or external contributions that need to become operational. For example, ingest of the MODIS data stream might be more than the current system is designed to handle. The current focus is on maintenance, continuity, integration, adoption, and expandability. More technical needs and developments might require a technical manager. Implementation of a designed architecture, software control and process control are pertinent to ongoing and efficient operations. Ad-hoc projects remain on the task-list. Near term, midterm and long-term goals are not prioritized.

Mr. Brown works with PECAD administrative units to achieve many of the outlined objectives of these plans. For example, task directives are used to evaluate and keep track of status. A change request form was also implemented within the IT arena to track and document changes to avoid ad hoc changes and allow movement to a more integrated, planned development system. The direction for any given development path is currently set by the analysts themselves as they interact with the programming staff and PECAD needs are assessed.

In the past, systems management and planned systems support have not been integrated within the PECAD business operation effectively, resulting in silos of expertise.  The current system management team consists of Derrick Parker and Al Cooper. Alan Howlett (contractor) is doing a much needed system analysis to determine system bottlenecks and DBMS needs and is working on a roadmap addressing architectural change, functionality, and requirements (primarily network speed and storage). The MODIS data stream ingest will greatly affect the system and must be brought actively into the evaluation. 

The DB developer is Bertin Nouchang. John Whistler is the DBA Sybase expert. He is the technical person in charge of the database and holds the keys.  He determines what data sources are, the migration to a new data structure, and security for these data and information pieces.  Most of this activity is in SyBase. 

Ilya Rosenfeld is using Sybase power-designer and UML (Unified modeling language). Ilya’s group is modeling these same databases for interactions within their applications.  These activities are currently siloed and may lead to some duplication of effort.  The current development efforts are employing a modular design and reusable architecture using a domain model to document consensus from stakeholders. They are using scalable, user preference models and have had some hardware related planning sessions.  Crop Explorer is the current priority. 

There is problem with knowledge management within the FAS. For example, the Database Administrator for the CADRE system is leaving.  He was with the group from the beginning and helped set up the AgRISTARS system within the PECAD. Dependence of any system component on one specific FAS’ position should be reduced to gain continuity of service.  People who have been critical to the database structures, information mining, data integration, and other aspects are moving toward retirement as well as there is being a change in tenure within the FAS.  The institutional knowledge of the GIS systems, subject matter experts, development protocols and approaches, and temporal aspects of this environment have not been well documented.  Therefore much is at stake if people leave their positions.  PECAD has expressed a need to collect this information and knowledge and catalog it in a retrievable format.  This will allow analysts to ramp up more easily when brought on board as well as allow developers and other support staff to consistently provide the service that has been, and is required, for the operational efficiency of the FAS-PECAD.  

2.10.2   Computing environment – Technical

The current IT architecture and database structures were built using the AgRISTARS model in the early 1980’s.  The overall system supports the work of the analysts, their management and administrative support staff, government development staff as well as numerous contractors, system administration and software development staff. PECAD maintains a heterogeneous network of over 30 workstations and hosts for the purpose of supporting the work of PECAD crop analysts.  The systems themselves are a mix of Windows and Unix machines with a wide array of highly specialized software as well as more common desktop applications used by analysts when performing their work.  Additional supporting hardware includes approximately 9 terabytes of network RAID storage, DLT tape devices, numerous Cisco switches and a Mammoth tape backup system

There are two networks within the PECAD.  The first is the FAS agency network for email and desktop operations.  The second is the internal PECAD network where their image loads can be handled more effectively.  FTP access between the two networks allows for some transfer but the two systems do not talk with each other effectively due to ‘security’ issues. Figure 8 shows the current network configuration.

The current PECAD internal network is an integration of both UNIX and NT (Windows 2000). Hummingbird software is the link between the two operating systems (UNIX and Windows). There is a concern that “real-time” image processing will turn the system upside-down.  There will be significant issues of speed, efficiency, representation, and integrity.

The very nature of PECAD analysts’ work requires the use of very frequent temporal satellite image and weather data sets that cover the various global agricultural regions and are processed in daily, bi-weekly and monthly time-steps throughout the year. Additionally, a number of global and regional raster and vector baseline data sets are also maintained and made available.  This poses the requirement for four types of basic system functions:

· Acquisition and processing of data

· Storing to disk and database large volumes of raw and processed data

· Querying, visualizing and analyzing data

· Archive and retrieval

The types of data, the sheer volume and how it is processed for use by the analysts requires high powered hardware and software – much of which is highly specialized.  Some of the primary software tools include ESRI ArcGIS, PCI Remote Sensing/Image Processing, Sybase and Cold Fusion as well as numerous custom desktop, database and web-enabled applications written in C, Fortran, HTML, SQL, PERL, Java, Visual Basic, etc., and implementing a variety of APIs and object libraries. Most of the programming work is done in-house with consultants.  The development team consists of 7-8 persons with a core of four individuals. They have found that the ArcView 3.2 extension is too robust for most of their users so they are working towards a simplified version that will run directly against the CADRE database.

The development team is also using a CASE tool to allow the database structures to be viewed in ‘flowchart’ form on the screen. Ilya provided a graphic of the Data Base that shows the database and its documentation and linkages to other databases within the PECAD operation. This allows for greater collaboration as one can see the linkages between databases, information sources, and other elements of the application design environment. One potential problem is the developer’s view that they are only concerned with the application layer not concerned with how the data is represented in the database.  “Just let me know where it is and its format and I’ll be OK”.  Other concerns are the scalability of the applications they are developing as well as what kind of loads the developing systems will support if these systems are not in tune with the application development.

A DBMS is used for data load, and data extraction activities supporting PECAD. Fred Norfleet is in charge of the daily Sybase CADRE data load (this process takes 6 hours) including daily weather station data, gridded Air Force weather data and GAC VINS. Bertin Nouchang is in charge of Java based data extraction. It is interactive and is a 10-day extract engine. The charting engine takes 10 hrs every 10 days. The load program and extraction-charting programs have the server working at its maximum capacity. To date the data development has not been made ISO compliant.  A short-term goal should be to achieve FGDC compliance for their developed data, which includes the development of metadata.

There is also a huge distinction between the database processing side of the PECAD operation and the web delivery (or presentation) side. The web services utilized are standard (i.e. Tomcat; Jrun; and IIS). The web programming is being done using XMI standards to serialize the graphics being made and ported to the web through the application.  The other language is UML. Web development interface programming is being done using Cold Fusion and the JAVA Application Server.  Some past development was done using PERL, but it was felt that the move to more documentable code would be better. PERL can be, and has been, programmed as a ‘black box’ where tracing and modifying code in the future would be hard. Chris is working with the RSI contractor on an extract piece from the database.  ESRI has an advisor / consulting role as well as providing tuning services for their application.  It is an SDE implementation using Jrun and IIS to move to the web. There are still several decisions to be made for the imagery being served through the web. An example being: What resolution to serve it at?  There may be differences in what is served in-house versus what is served out to the public through their web applications.

PECAD does employ a discussion forum for posting questions and allowing for cross-pollination within the PECAD group.  Most of the discussion is focused currently on the development and assessment of the ‘Crop Explorer’ web application.

Some data output volume numbers for the agrometeorological data products:

	Description
	Volume
	Description
	Volume

	Daily precipitation grid
	3 MB/day
	
	

	Crop stage
	2MB/day
	Daily station precipitation data
	0.64 GB

	Soil Moisture
	1 MB/day
	Soil moisture daily data
	0.18 GB

	Total for 1 year
	0.5 GB
	Total for 1 year
	300 GB
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Figure 8: PECAD’s Network configuration including the stations of the analysts. 

2.10.3   Future IT plans 

As far as overall vision and design it is a ‘changing landscape’.  Brad Doorn’s approach is seen as a good change in that integration and interchange of ideas is catalyzing the concept of an integrated philosophy to achieve the FAS goals. Stakeholder needs should be included in the requirements document. Stakeholders from the point of view of the IT team would include: Analysts; Users in USDA; Users in general; PECAD; Economic groups; and Contractors of RSIS company (RS Information Systems) http://www.rsis.com/home.html. One outcome of this integration is the potential for injecting the modeling process across the entire enterprise. 

There is a desire to move towards a COTS approach.  They do have ENVI with IDL but are currently working with PCI-geomatics (J-Easi).  Concerns voiced included portability of imagery (standard formats).  An identified desire is the delineation of how much IP needs to be done within PECAD versus how much can be done by NASA (knowing that NASA is non-operational) , commercial, etc.  They are currently using the DoD process for georeferencing and orthorectifying using DTED data.  A major question is what to outsource and what to keep in house.  They have the ability to contract with groups for services but they want to have something to ‘hang over their heads’ so that work is completed and meets specifications (OMB, etc.). The specifications, tasks, and deliverable definitions are not well assigned.  There was a question of how to correct this. How to draft a contract that will motivate vendors to perform?  One critical aspect brought up was the fact that PECAD wanted to get out of the scene buying business and turn that aspect over to another group. A Request for Information (RFI) is expected to be on the street this summer (2003).  The intent is to solicit ideas on types of contract vehicles and technology solutions from the commercial sector.  I new contract for imagery and services is scheduled for the beginning of FY2005.
The process by which an application is developed is also changing.  A more structured process is being developed for evaluation, prioritization, and standardization of applications that support the PECAD group.  In the past (and to a certain extent now) tasking was ad hoc resulting in major projects being incomplete in their design while many more trivial tasks were being managed and taken care of.  The first attempt at using the more structured approach was on the ‘Crop Explorer’ site development.  The application developers worked to synthesize and optimize the interactions with the database while at the same time respond to user requests for implementation within the web tool.  The current goal is to set the application up as a ‘preference based model’ where each analyst could set parameters for the application.  ‘Crop Explorer II’ is targeted as being more user defined wherein the stakeholders of the information products delivered through the interface have reached a ‘consensus’ that has been documented as the product evolved through the application process.

Another goal is the introduction of a common symbology into the application process.  This is being again done through an ad hoc collaboration where the developers are developing and applying a common look and feel to the web environment presented within the ‘Crop Explorer’ application.  They are using the user’s, in this case the analyst’s, perspective in terms of how they interact with the system NOT how it does all the work or creates the tables, views, graphs, and maps.  They are trying to implement a structure where they establish a classification or catalog of functional domains under which operate a series of class models with more specific use cases.  They are adopting a finite number of use cases upon which to build the ‘Crop Explorer’.  The definition of the actual products available from the ‘Crop Explorer’ is coming from the analysts and their sense of user preferences.  By setting these as base constructs there is an underlying assumption that the processes are repeatable as well as the same process produces a product that is of broad enough interest for automation and standardization of the task or information product.  The sequencing and priorities are set from the desired outputs and their acceptance or requirement as voiced by the analysts.  This feedback mechanism between the developers and analysts is fairly new and has not become a standard operating procedure beyond its current ad hoc implementation.

The current development plan to migrate to MODIS includes two major components – IP & GIS.   Both must be enabled to move into and support these new applications. For example, a new image analysis framework is being developed by Drew Kittel and Steve Macugoski. Drew Kittel works the PC SPOT Vegetation side and Steve the Unix LANDSAT and LAC data side. They are developing a framework to process all images in an integrated environment to minimize replication and disparity and optimize automation. They intend to make a scalable system that is robust and allow for near and off line archiving and storage associated with a DBMS. It intends to support different media and maintain a FGDC compliant archive. 

While bandwidth within the FAS for the PECAD group will need to be upgraded to handle the larger file sizes and queries, this is a physical problem that can be solved with current technologies.  The problem is the legacy system that CADRE is housed within and the personnel that intimately know that system.  This creates a bottleneck that will impact the implementation of any change to the existing system.  This ties back to the discussion on knowledge management and the critical nature of documentation within an organization.  Moving the CADRE system to take advantage of the MODIS data stream will necessitate changes to the existing CADRE system. As well, functional IT requirements need to be evaluated such as:  Dataflow analysis and sizing the network, Network speed and data drives, and Geo-spatial data base ARCSDE.

As well, personnel issues must also be considered.  For example, PECAD could use a development staff for new developments and a staff to convert old systems-software to new modules where appropriate. The current bottlenecks are people and time. 

The exact path and specifications of these new processes have yet to be determined.  The following components are being critically examined by PECAD to enhance their DSS.

Components:

· SyBase or other solution workarounds to allow for the migration of legacy database (CADRE) to a compatible ArcGIS format.

· Building and maintaining metadata on data and knowledge holdings as well as the examination of the Metadata Server technology of ArcGIS

· Evaluating SQL Server as its interface with the current GIS systems in place as it has better integration features than SyBase.  Oracle is also being evaluated but needs a greater justification due to the high cost of implementation.

· Prototype applications using ArcSDE and MS SQL Server to support more standardized use of a large variety of reference and baseline geospatial databases as well as to serve as a means of accessing CADRE weather and VIN data in a more spatially-referenced manner. FAS is looking into a collaboration with USGS to be a mirror site for EDC. The idea is to become an ‘affiliate archive’ wherein a lot of intra-agency collaboration could take place.  To sell this vision PECAD and FAS need to show and demonstrate what they do, and could do, via quantifiable metrics. 

· More emphasis on web-based applications providing analytical tools based on ArcIMS, upcoming capabilities offered by numerous remote sensing vendors, as well as advanced capabilities offered by modern Object-oriented tools, languages and operating/development environments such as Java, JSP, Cold Fusion Neo, Servlets, enterprise java.

· The testing and integration process needs machines that are devoted to development. This will avoid operational downtimes.

· Implementation of system and web monitoring softwares for system evaluation, monitoring, projecting, and management.

· Evaluation of the need for providing an extensible web server farm to address potential traffic increases due to external (i.e. outside the firewall, non-intranet) ITARS subscribers and users of other PECAD web services and information. PECAD’s DSS has been moving towards serving both internal and external customers.

· Evaluate the potential use of economic and/or demographic databases and how their use might integrate with GIS and web-based analytical tools in development or in planning.

· Increased emphasis on enhancing the experience of other government users that subscribe to FAS/PECAD web-based services (e.g. ITARs image archive) as well as public users of FAS/PECAD web sites.

· Analysts would like more data mining capabilities based on partially and fully developed ideas from the ongoing application research.

· Evaluate support and training requirements.

2.10.4   Physical media data storage

Judy Goldich is the imagery library coordinator. She maintains a physical media archive and provides a subscription-based service to USDA affiliated subscribers.
Physical media archive.

Many data sets, especially LANDSAT TM  (some LAC, SPOT vegetation, IKONOS) are on 8mm, ½ inch tapes (old). Old media are slowly converted to DVD’s. Most data/scenes are in a DBMS. Image scenes that are not processed are not in the DBS. The data volumes are not specified.

Subscription based service.

Judy is currently cutting CD’s or DVD manually, but is only distributing raw data. She sometimes helps clients to process the data (user service). She also has connections with risk Management agency USDA (e.g. for tomatoes vs. drug crops) and other federal agencies.

The impact of a MODIS data stream on a storage archive is unknown. MODIS data will require automation of archive and metadata in DBMS. It is not clear where the data archives of Vegetation and AVHRR reside (not in Library). This prompts the following critical questions:

How is the new data to be stored, mined, and retrieved?

How accessible will the data be?

How does the mirror site for USGS fit into this – affiliate archive?

2.11 Data and product services

Just as in most mapping applications, the delivery of an image is very intriguing and ‘sells’ the point well (i.e. port visualization) BUT that is just a view asset.  The true power to be garnered within the geo-database system lies in the integration of data and view where query, criteria setting, etc. can be used to manage and evaluate assets.  It is to this end that the development should point for in attaining this database goal the ‘imagery’ will follow. As far as web presence, they are considerably hidden.  The FSA is huge and there are much bigger units with considerable more foot print within USDA.  There is a need to capture and track web use trends for FAS web activity.  As well, the scalability of their initiatives on the web and the hardware, software, and human resources in place within PECAD will limit their growth.
Bob Baldwin, Chris Green and Ilya Rosenfelt drive most of the web development for PECAD USDA and include both intranet and internet applications: 

· Crop explorer  (public and fire wall)

· Archive explorer (only with subscription)

· Global Reservoir Monitor 
· World Agricultural Production OnLine

· Global ports map (firewall)

2.11.1   CROP EXPLORER

There was a desire by analysts to interactively drill down and extract information from the CADRE database.  The analysts wanted to see the data and manipulate its visualization.  ‘Crop Explorer’ is the first major attempt at doing this.  CropExplorer is the big internet presence for FAS.  Only just recently created (1-2 years old), it was built to enable easier viewing of the CADRE database.  There are two versions of this DS application, one inside the firewall and one out for public consumption.  The difference is that they can block regions or attributes prior to publishing on the web.  They are currently pushing data out in fixed regions.  The data and information is in static maps and charts.  The user must obtain a User-ID to get into the firewall-protected area.  There is a development plan for Crop Explorer (need a copy).  The application development staff are currently wanting to review with the analysts ‘where they want to go’ with this application, its functionality, and its tuning.
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They want to expand the ‘Crop Explorer’ concept to the globe.  They see MODIS and its potential for automation of several IP tasks as a key element in their evolution of this system.
Crop Explorer (http://151.121.3.218/rssiws/) is a public domain data and information server for all the major crop production areas of the world. 

2.11.2  Archive Explorer

Work is also underway on an Archive Explorer that is utilizing ColdFusion and JSP.  ArcIMS 4.x is running the mapping application with a CF w/ JSP front end.  It is set up for subscription and password within USDA.  The Archive allows review via thumbnail of Landsat holdings obtained from the USGS EROS Data Center (EDC).  ITARS database holds the Landsat image library.  This application was made for analysts to pick data from in a form-based interface.  The imagery can be obtained in a raw image format or as georeferenced, image composites ready for visual interpretation.
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Archive Explorer provides access to Landsat imagery for USDA agencies but is behind a firewall from the general public. http://151.121.3.218/
2.11.3  Global Reservoir Monitor

The USDA’s FAS, in cooperation with the NASA Goddard Space Flight Center, plans near-real time monitoring of lake and reservoir surface elevations for approximately 150 lakes located around the world. http://www.fas.usda.gov/pecad/reservoirs/index.htm
2.11.4  MONTHLY World Agricultural Production OnLine
The FAS PS&D online database contains current and historical official USDA data on production, supply and distribution of agricultural commodities for the United States and key producing and consuming countries. http://www.fas.usda.gov/psd/. These online data sources could also be used to track long-term improvements related to DSS enhancements. The incorporation of AVHRR-GAC data might be an example of DSS enhancement that took place a few years ago, and might provide insight into the benefits of such a data stream. The FAS is also working on a PS&D Mapper that would allow for visualization of the PS&D database.  The PS&D is only available inside the PECAD arena.  It is a SyBase database that exists within another organization.  Because of the SyBase type, SQL Server was chosen.  Most of these data are economic data of interest to agricultural entities. In-house GIS work is conducted using ArcView 3.2 by both the GIS staff as well as the regional analysts.  Some metadata work is also being conducted and built for these data. The PECAD is currently also displaying nearly real-time agrometeorology data on the web for the public.

Information about FAS activities and the monthly production estimates are accessible and archived on the web - http://www.fas.usda.gov/wap_arc.html; http://www.fas.usda.gov/
2.11.5  Global ports database

[image: image10.wmf]Web Mapping

and Publishing 

Services 

Commodity

Analysis

Systems, 

Security, 

Network

Crop

Conditions

& Compliance

PECAD

Director

Geographic

Information

system

Global Foreign 

and US

Assessment

Geo

-

Spatial

Data

Production

estimates

Crop

Assessment 

Science 

Ad hoc

analyses

Data assimilation impacts on DSS 

Web Mapping

and Publishing 

Services 

Commodity

Analysis

Systems, 

Security, 

Network

Crop

Conditions

& Compliance

PECAD

Director

Geographic

Information

system

Global Foreign 

and US

Assessment

Geo

-

Spatial

Data

Production

estimates

Crop

Assessment 

Science 

Ad hoc

analyses

Data assimilation impacts on DSS 

A new application being explored is the Global Ports Mapper. The global ports database resides behind a firewall at PECAD. This is again an inside application of ArcIMS.   It provides information about ports around the world. Ikonos images are used to look at ship traffic and can be used for logistics related to food-aid or the tracking of export and import of commodities and ports’ capacity. It is being pursued in concert with NIMA as they have the infrastructure elements of note.  Most attribute data is being pulled from the Import-Export Office.  Typical questions are:  How much food aid can a port handle?  What is the current status of port activity?  The data can also be used as a planning tool when tied to the imagery.
3. PECAD goals for data assimilation and development

Potential assimilation opportunities based on PECAD’s input (vegetation index):

· Develop good DBMS to store GAC (8-km), SPOT-VEG (1-km) and MODIS (250-m) time-series data at original resolution.

· Require portable output models to data drill thru time-series data sets at original resolutions (8-km, 1-km, and 250-m).

· Automated and interactive data extraction (Automation helps capture and preserve the science and knowledge base)

· Use MODIS Land Product images over major agricultural regions and use rapid response, EVI and NDVI and RGB images derived from false-color and shortwave composites (from surface reflectance products)

· Provide time-series graphs over major agricultural regions based on MODIS data

· Data drilling and data mining of MODIS images at original resolution.

· New crop models
· MODIS Primary Production product, without the use of ancillary weather data.
Potential assimilation opportunities based on NASA capabilities and products (e.g. Vegetation index numbers, Temperature, evapotranspiration, albedo, soil moisture, precipitation, Net Primary Production)

4. DSS enhancements (next steps)

Desire is to bring onboard new products in three (3) months time and to integrate new products or product lines in subsequent years.  Flexibility within the system is critical as the imagery sources are multi-scalar and the analysts wish to move between imagery resolution sets easily.  As well, the need to quickly exploit data is critical with the conditional aspects of QA and QC being leveraged to the extent possibly.  The automation of the IP systems as well as the GIS application tools is an operational outcome of great interest.

PECAD wants to use MODIS rapid response products that can be used and provided semi-real time to the analysts, ideally the next day. These daily products are most useful for qualitative crop assessments since they lack some geo-rectification processes and atmospheric correction. They will be very useful for ad-hoc and crop assessment analysis but not for crop production assessments, since they cannot be compared to a historical long-term time series or averages.

Level 3 MODIS products will be more useful to crop production estimates since they are consistent in time and space. A three-year average can be used as a standard as well as a comparison with other years. Timeliness, consistency and coverage remain some of the most important criteria for assimilating new MODIS data products in PECAD’s DSS.

To efficiently integrate MODIS products, several preprocessing steps need to proceed the data assimilation. A DBMS needs to be developed; the 1200x1200 km tiles need to be mosaicked together, reprojected in a common projection and data format (geotiff, binary), and cookie-cut for global agricultural areas of interest to PECAD.

A data assimilation plan needs to be developed. The current MODIS data assimilation plan (Chris Justice team and FAS team) might need some adjustments. This plan should take into account the specific needs and goals of PECAD’s DSS.
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Figure 8: Framework for PECAD’s organization, subsystems and products. The areas in the green box are all affected by MODIS product and data assimilation efforts to enhance PECAD’s DSS.

PECAD’s management will likely be affected by significant DSS enhancements. New staff might need to be hired. More training could be needed to keep up with new technological and product developments and user requirements. If new MODIS data products will be assimilated and integrated into the DSS, it will be affecting information technology, web services, geo-spatial database, crop growth model science and crop production estimates and crop assessments.

4.2 Benchmarking tools and metrics (next steps)

The characterization of PECAD’s DSS has been documented in this report, but needs to be scrutinized by PECAD personnel to avoid miscommunications and maintain continuity in the assimilation and benchmarking tasks. It is proposed that after a review by PECAD this document will be debriefed at NASA and FAS.

To benchmark the impact of DSS enhancements, several tools and performance metrics need to be identified and agreed upon by both PECAD and NASA collaborators. To accomplish this, it is suggested that a benchmarking team be established that will define performance metrics and will collect the data that will allow the benchmarking to take place.

Suggested benchmarking team members: PECAD, Universities of Missouri and Arizona, Stennis Space Center, and David Tralli (JPL).

Usability and performance metrics are critical factors for the adaptation and assimilation of enhancements to a DSS. Both qualitative and quantitative information will be gathered to benchmark PECAD’s DSS. This will involve the use of web statistics, questionnaires and interviews and other risk assessment tools.

Success factors and metrics for benchmarking PECAD’s DSS 

· Usability of the DSS (state1 – state 2)

· Quantitative and qualitative assessment of analysts knowledge

· Quantitative and qualitative assessment of analysts use of imagery

· Ease of use (GUI) 

· Learning curve (training) 

· Workload (more data, better models) 

· User needs (consistent data) 

· User requests (imagery type and number)

· User tasks (interactive, automation)

· Documentation

· Performance of the DSS (state1 – state 2)

· Cost effectiveness (TM vs. MODIS, new tools, more staff, hardware),

· User needs (consistency, timeliness)

· Organizational needs (IT, expertise)

· User performance (accuracy, timeliness)

· Organizational performance 

· Bottlenecks (network)

· Web statistics for ‘Crop Explorer’ and ‘Archive Explorer’

· System statistics for PECAD computing environment

· Changes in use by analyst

· Changes in use by region

Many of these factors are addressed by PECAD’s analysts and the DSS developers.

The following is a list of more specific benchmarking metrics that are currently proposed. These metrics will need to be discussed by the benchmarking team, as they have an impact on the resources of PECAD and possibly NASA.

1. Comparison of current and enhanced decision support tools

2. Questionnaire addressed to the analysts to characterize the current use of data and tools as well as their state of knowledge regarding imagery. This questionnaire will be repeated after DSS enhancements

3. Assimilation Readiness level assessments (learning curve and adaptation and upgrading of system all play a roll)

4. Comparison of current data sources with new data sources (timeliness, consistency, usability etc). Feedback from the analysts will be evaluated

5. Success stories

6. Production estimates and crop assessments with and without MODIS data

7. Track and evaluate long-term production statistics
8. Costs associated with Vegetation SPOT, AVHRR LAC GAC, MODIS and TM

9. Evaluate the pros and cons of the trade-off between MODIS, AVHRR, and Landsat (temporal vs. spatial resolution)

10. Statistics on usage of the different data sources, including an update on usage per analyst and region: crop explorer- archive explorer

11. WEB statistics (need to be implemented now)

12. System impact, resource requirements (staff, hardware, software, etc)

13. DSS risk benefit and risk assessment (DDP Defect Detection and Prevention; David Tralli)

5. Potential new data and research suitable for DSS enhancements

Some of these research elements would include the following areas:

· The PECAD group has a large archive of data going back into the 1970’s.  They need research help in terms of organizing it, updating it, QA/QC, and data mining and retrieval.

· The CADRE system (the backbone of the PECAD data system) does not have any full time researchers working on improving and updating this system. Curt Reynolds has spent a considerable amount of time over the past 4-years to improve CADRE’s baseline data sets, ensure better data quality control, and expand the soil moisture and crop models for all countries outside the former Soviet Union, China, and USA.  This work was very important for increasing the monitoring products used by all analysts and most of these new data sets are displayed by Crop Explorer.  This important work should be formalized with an official job position so that more products and crop model improvements can be made to CADRE.
· Not much use of imagery for calculation of area – just ‘production’ greenness, etc.  What would it take to extract areas from these data for validation and verification of other sources of area information currently utilized by the PECAD analysts?

· There is no current operational change detection at levels of use to FAS to define area of planting for production estimates.

· Can the FSA Common Land Unit mapping be used to greatly expand our understanding of the ground truth to aid in model development for overseas?

· Could a spectral library of normal conditions and disease states be compiled from known histories over these various regions?

· Weather prediction is not as important to the PECAD group as the generation of more accurate ‘past’ precipitation. However, our data quality (especially AFWA and WMO rainfall data) is always under scrutiny and more time should be devoted to data quality improvements than towards predictive models which are notorious for errors.  In addition, if a PECAD analyst is asked to forecast crop yields to the end of the season, he/she is told to assume normal weather conditions to the end of the season and predictive weather model results will not be used by USDA forecasts.  In addition, a timely crop production estimate at harvest is already an adequate time frame or early warning, because food aid is typically not required until several months after a harvest.  The operative quote being “USDA policy assumes normal weather conditions to the end of the season, which means predictive weather models will have limited use”. 
· Automation of standard data products ingestion (Vegetation indices, Fire, LAI/fAPAR, evapotranspiration, albedo, land cover, land cover change, continuous fields, Temperature)

· Calibration and further refinement of crop growth models (agrometeorological input and satellite based input like fAPAR, VI, surface temperature, evapotranspiration etc) 

· Research into additional crop assessment parameters such as soil moisture, ENSO, climate)

6. Miscellaneous observations and issues

PECAD’s perceived needs, issues and questions: 
· Operational and logistical issues concerning office space and a potential move to another building.

· Licensing and use restrictions on data: Use restrictions on data and information products distributed by FAS to other USDA groups or outside of USDA to other federal agencies or outside federal grouping to state and/or local units.

· There is no federal land remote sensing lead – USDA is the biggest user but they have no input into the process or requirements

· Federal groups do not have a say on requirements of newly developed satellite systems: Bounced between ‘can’t have it – research mode’ to now being asked ‘please pay for operational use of the satellite’

· Supporting federal agencies create a conduit to state and local government users

· Better access to NASA data: ‘We could use it all – processing, georeferencing, etc. and then we could share it out to all through the affiliated archive’.

· Are there many FAS-USDA applications related to bio-terrorism where FAS expertise and/or imagery would be of benefit?

· Improve monitoring at the field level; MODIS ( LANDSAT(airborne or IKONOS

· Incomplete knowledge about NASA research or NASA data products; In need of an inventory and description of NASA products (Stennis document)

· MODIS data assimilation effort:

What part is UMD’s:  downlink, processing of data, delivery of an operational system that provides ready-to-use, timely and consistent data

What part is FAS’: Operational DSS

· What is the long-term solution for physical data archive and DB?

· What are the archive and network requirements for the library (archive), image processing?
· Final area of most concern is the fact that PECAD realizes that NASA is not an operations agency.  This prompts the following questions:

· Who will NASA hand off to for MODIS operations?

· What will be the operational modes?

· Who will it be maintained by?

· Who will decide its update timeline, sequencing, and definition?

· What is its scalability in terms of information product development and delivery?

· What are its identified interoperability standards to which it is being developed?

· Will there be commercial ventures that will / can respond to an RFP for services derived from MODIS?

· What is this sensors system continuity arrangement?

· Who can FAS invest in the transfer to assure continuation of standard, known, information products into the future?
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Appendix A: PECAD personnel

PECAD  U.S. Department of Agriculture; Room 6053, South Building Stop 1045
Washington D.C. 20250;  Telephone: (202) 720-0888   Fax: (202) 720-8880 
email: pecad@fas.usda.gov
	GENERAL INFORMATION

	Division Director 
	Allen Vandergriff
	202-720-0888 
	vandergriff@fas.usda.gov 

	Administrative Assistant
	Mary Jackson 
	202-720-0888 
	jacksonma@fas.usda.gov 

	Deputy Director
	Eric Wenberg
	202-720-0873
	wenberge@fas.usda.gov

	Remote Sensing Specialist
	Brad Doorn
	202-690-0131
	doorn@fas.usda.gov

	Contract Representative
	Theresa Wright 
	202-720-8887
	wrightt@fas.usda.gov 

	Imagery Library Coordinator
	Judy Goldich
	202-720-1572
	goldich@fas.usda.gov

	USDA Remote Sensing Coordinator
	Glenn Bethel
	202-7201280
	bethel@fas.usda.gov

	
COMMODITY SPECIFIC INFORMATION

	Cotton & Rice Chairperson 
	Ron Roberson 
	202-720-0879 
	roberson@fas.usda.gov 

	Grains Chairperson 
	Michelle Greenberg
	202-720-7339
	greenberg@fas.usda.gov

	Oilseeds Chairperson 
	Paul Provance
	202-720-0881 
	provance@fas.usda.gov 

	Production Database Manager
	Marnet Whittington
	202-720-0886 
	whittington@fas.usda.gov 

	
COUNTRY AND REGION SPECIFIC INFORMATION

	Argentina, Uruguay, Paraguay,  Chile
	Bob Tetrault
	202-690-0130
	tetrault@fas.usda.gov

	Brazil 
	Michael Shean
	202-720-7366
	mailto:shean@fas.usda.gov

	Mexico, Central America, Caribbean
	Ron White 
	202-690-0137 
	whiter@fas.usda.gov 

	Canada, Western Europe
	Jim Tringe
	202-720-0882
	tringej@fas.usda.gov

	Central Europe, North Africa
	Bryan Purcell
	202-690-0138
	purcellb@fas.usda.gov

	Turkey, Middle East, Southwest Asia
	Maria Anulacion
	202-690-0139
	maria.anulacion@fas.usda.gov

	Russia, Ukraine, Other FSU
	Mark Lindeman 
	202-690-0143 
	lindeman@fas.usda.gov 

	China, Koreas, Japan, South East Asia
	Paulette Sandene 
	202-690-0133 
	sandene@fas.usda.gov 

	Australia, Bangladesh, India, Pakistan
	Jim Crutchfield
	202-690-0135 
	mailto:crutchfieldj@fas.usda.gov

	Central and Southern Africa
	Curt Reynolds
	202-690-0134
	reynoldsc@fas.usda.gov

	United States
	Rao Achutuni
	202-690-0140
	mailto:turnerj@fas.usda.gov

	United States, Int'l Weather
	Carl Gernazio 
	202-690-0136 
	gernazio@fas.usda.gov 
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Appendix B: Global Data Sources for Estimating Crop Production (PECAD; Curt Reynolds)

	10. Appendix C: ACRONYMS 
	


	AFWA
	Air Force Weather Agency

	AGREMET
	Agricultural Meteorology Model

	AgRISTARS
	Agriculture and Resources Inventory Surveys Through Aerospace Remote Sensing

	ARS
	Agricultural Research Service (USDA)

	AVHRR
	Advanced Very High Resolution Radiometer

	CADRE
	Crop Condition Data Retrieval and Evaluation

	COTS
	Commercial Off-the Shelf Software

	DB
	Data Base

	DBMS
	Database management system

	DDP
	Defect Detection and Prevention

	DSMW
	Digital Soil Map of the World

	DSS
	Decision Support System

	DTED
	Digital Terrain Elevation Data

	EDC
	Earth Resources Observation Systems (EROS) Data Center (USGS)

	ENSO
	El Niño Southern Oscillation

	ENVI
	Environment for Visualizing Images

	ERS
	Economic Research Service  (USDA)

	EUMETSAT
	Europe's Meteorological Satellite Organization

	EVI
	Enhanced Vegetation Index

	FAO
	Food and Agriculture Organization

	FAS
	Foreign Agricultural Service

	FEWS
	Famine Early Warning System (USAID)

	FGDC
	Federal Geographic Data Committee

	FAPAR
	Fraction of Absorbed Photosynthetically Active Radiation

	FSU
	Former Soviet Union

	FSA
	Farm Service Agency (USDA)

	GIS
	Geographic Information Systems

	GMS
	Geostationary Meteorological Satellite

	GOES
	Geostationary Operational Environmental Satellites

	GTS
	Global Telecommunication System

	IDL
	Interactive Data Language

	IIS
	Internet Information Service

	IP
	Image Processing

	IT
	Information Technology

	JAWF
	Joint Agricultural Weather Facility

	JPL
	Jet Propulsion Laboratory

	LACIE
	Large Area Crop Inventory Experiment

	LAI
	Leaf Area Index

	MODIS
	Moderate Resolution Imaging Spectroradiometer

	NASA
	National Aeronautics and Space Administration

	NASDA
	National Space Development Agency of Japan

	NASS
	National Agricultural Statistics Service (USDA)

	NDVI
	Normalized Difference Vegetation Index

	NOAA
	National Oceanic and Atmospheric Administration

	NPOESS
	National Polar-orbiting Operational Environmental Satellite System

	OLAP
	On-Line Analytical Processing

	OMB 
	Office of Management and Budget

	PECAD
	Production Estimates and Crop Assessment Division

	PET
	Potential Evapotranspiration

	PS&D
	Production, Supply and Distribution 

	QA/QC
	Quality Assurance/Quality Control

	RFP
	Requests for Proposals

	SSM/I
	Special Sensor Microwave/Imager)

	USDA
	United States Department of Agriculture

	USGS
	United States Geological Survey

	SDE
	Spatial Data Engine (ESRI)

	SPOT
	Satellite Probatoire d'Observation de la Terre

	TM
	Thematic Mapper (Landsat)

	UML
	Unified Modeling Language

	VI
	Vegetation Index

	VIN
	Vegetation index numbers

	WAOB
	World Agricultural Outlook Board

	WMO
	World Meteorological Organization
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