National Drought Monitoring System for Drought Early Warning Using Hydrologic and Ecologic Observations from NASA Satellite Data

Investigators: S. V. Nghiem (JPL, PI), J. P. Verdin (USGS, Lead Co-I), D. A. Wilhite (National Drought Mitigation Center or NDMC), R. Dole (NOAA Physical Science Division), D. LeComte (NOAA Climate Prediction Center), G. R. Brakenridge (Dartmouth College), E. G. Njoku (JPL)

Background

The objective of this project is to assimilate hydrologic and ecologic observations from NASA Earth satellite sensors, including the Advanced Microwave Scanning Radiometer - Earth Observing System (AMSR-E), the QuikSCAT/SeaWinds Scatterometer (QSCAT), and the Moderate Resolution Imaging Spectroradiometer (MODIS), into a national drought monitoring system, specifically the United States Drought Monitor (USDM), an existing national decision support tool used for drought monitoring and drought early warning.  

Several limitations in the current U.S. drought monitoring effort have been identified:  (1) the coarse level of spatial detail at which analyses are performed and results delivered and (2) the lack of detailed, accurate, and objective data sources especially where current networks of weather stations are sparse in the public lands of the West. These represent the two largest impediments to early detection of drought and its impacts at the county level, which is where key drought decision making takes place.
JPL has the lead in the development of drought monitoring products from QSCAT and AMSR-E.  The role of USGS/EROS is the development of systems for production of time-series vegetation index (VI) imagery from MODIS data, and delivery of VI products to USDM authors and the drought community in general.  The NDMC plays the role of lead integrator for an improved operational USDM system.  NOAA Physical Science Division (PSD) is responsible to develop engineering prototypes of NASA products with the zoom-in capability for use in drought monitor and to validate and benchmark the results.  NDMC is responsible for ingesting NASA results from JPL and USGS into the existing USDM system for drought decision support, and performing benchmark analyses. 

Progress
· JPL, USGS, NDMC, and NOAA PSD attended and presented project status and work progress, worked on research project plan, related NASA drought work and NIDIS, and planned on website, reports, meetings, and papers/publications.  Meeting was led JPL and USGS and hosted by NOAA PSD in Boulder, Colorado, Sep 2008.
· JPL developed QSCAT soil moisture change products (SMC) covering the entire coterminous (continental) United States (CONUS) for drought monitoring.  JPL packaged the data products with the format, resolution, and characteristics that can be ingested by NOAA PSD to produce drought monitoring prototypes, which are made available to the all drought monitoring team members.
· JPL implemented data processor to produce data and maps for drought monitoring over CONUS.

· JPL established automated data link to deliver data and maps to NOAA PSD on a daily basis.

· JPL worked with NOAA PSD to implement several color protocols for drought product prototypes.

· JPL worked with PSD to develop several formats of drought product prototypes including NetCDF, png, pdf, and kml format.  The kml format has the capability to zoom in counties.  

· JPL completed a case study in the Los Angeles area to verify the SMC results for two extreme cases using the zoom-in capability from the kml prototype made by NOAA PSD: (1) dry case on 14 January 2009 when downtown Los Angeles was  hot at 86 F, there was high Santa Ana winds, and red flag warning was issued, and (b) wet case when downtown Los Angeles was  cool at 58 F, there was 1.04-in precipitation and onshore winds, and flash flood warning was issued.  SMC correctly identified both the dry and wet conditions.

· JPL benchmark shows that the SMC products can resolve the county-level resolution accounting for the Nyquist resolution requirement versus the old drought monitoring resolution at the climate division resolution.  The resolution at county level is a major goal of the National Integrated Drought Information System (NIDIS).
· JPL completed subcontracts to transfer funding supports to co-investigators for NASA.  JPL also managed the subcontract progress and extended the subcontracts for NASA so that the work could be continued until NASA sends the yesr-3 funds.

·  JPL analysis for the Lonoke, Arkansas, site demonstrated the close similarity of seasonal trends in active (QSCAT) and passive (AMSR-E) microwave signals to seasonal NDVI and lagged soil moisture.  The microwave data also tracked well with instantaneous soil moisture data.

· JPL analysis of temperature and precipitation station data for Great Falls, Montana, revealed  the detection of drought and heat wave spells in the seasonal time series of active (QSCAT) and passive (AMSR-E) microwave signals.

· JPL demonstrated that QSCAT detection of increased surface moisture in October 2004 in Arkansas and Louisiana coincided with lowering of drought severity rankings in the USDM.

· JPL demonstrated the similarity of QSCAT surface moisture patterns in the western U.S. in September 2004 to those produced by the NASA Land data Assimilation System (LDAS).
· JPL demonstrated that the microwave surface moisture patterns in California for the winters of 2005 (wet) and 2007 (dry) correctly mirrored conditions described by the USDM for the same periods.

· JPL demonstrated the potential for QSCAT to complement MODIS NDVI for drought monitoring in Kenya (where 3 million people were affected in 2000), especially when cloud cover is an issue.

· USGS performed validation of eMODIS historical time-series and expedited data utilizing comparison with standard MODIS Vegetation Index products.

· USGS collaborated with Dr. T. Miura in the development of an NDVI data translation algorithm designed to translate historical AVHRR NDVI so that it is comparable with current eMODIS NDVI. 

· USGS applied T. Miura data translation algorithm to historical AVHRR (average time series) for input into calculation of PASG from eMODIS.

· USGS performed validation of eMODIS Vegetation Index derivative Percent of Average Seasonal Greenness (PASG) utilizing comparison with translated AVHRR-derived PASG products.

· USGS ran successful real-time test of automated drought processing chain based on near-real time weekly eMODIS composited input data over 48-states at a pixel resolution of 1000 m2. Output products (PASG and Start of Season) were processed within 24 hours of satellite collection. 

· USGS acquired and tested revised Start of Season code from Augustana College computer scientist to resolve calculation errors. 

· USGS provided products on an ongoing weekly basis (e.g., 30-day precipitation, 7-day precipitation, AVHRR PASG and VegDRI) to be regularly loaded into the National Integrated Drought Information System (NIDIS) Map Viewer (http://www.drought.gov/) in preparation for providing NASA eMODIS-based drought products to the NIDIS Map Viewer and to the USDM authors. 

· USGS provided NOAA PSD with MODIS-derived irrigation data (2002) at 250 m2 resolution over the conterminous U.S. for use in evaluation of satellite-derived surface soil moisture products. 

· USGS established requirements for an expedited MODIS delivery system (eMODIS) to replace the discontinued MODIS Direct Broadcast System at EROS.
· USGS documented the processing flow for VI products from AVHRR and MODIS inputs.

· USGS designed and coded the processing chain for automated VI metrics from eMODIS.
· USGS installed and tested an updated version of VI time-series smoothing and seasonal metrics code from Augustana College computer science department.

· USGS prepared a smoothed time-series NDVI database for 2005-2007 based on weekly Terra and Aqua  eMODIS 1-km data as input to metrics calculation and cross-calibration with AVHRR.

· USGS calculated prototype eMODIS-based VI seasonal metrics (e.g., Percent of Average Seasonal Greenness) for 2005-2007.

· USGS converted all eMODIS products to appropriate format and scaling for use in the drought monitoring system, and wrote a script to enable eMODIS data to be ingested into VegDRI drought models.
· USGS established an ad-hoc U.S. AVHRR/MODIS data continuity working group with university and other agency partners to define steps for cross-calibration of the two VI time series, permitting their joint use in a single historical record.
· USGS performed comparisons between AVHRR and eMODIS NDVI (7-day composites) and NDVI-based metrics using samples based on phenological regions of the U.S.

· USGS presented project status and future plans at the annual U.S. Drought Monitor Forum in Portland, Oregon, in October 2007.

· USGS and NOAA organized a NIDIS Knowledge Assessment Workshop entitled “Contributions of Satellite Remote Sensing to Drought Monitoring” in February 2008 in Boulder, Colorado.  A range of presentations was made covering precipitation and snow pack, vegetation, soil moisture and evapotranspiration.  State climatologists chaired panels.  USGS gave a presentation entitled “Using eMODIS Vegetation Indices for Operational Drought Monitoring”, and JPL presented “Satellite Remote Sensing of Soil Moisture for Drought Applications”.

· NDMC maintains an email list server to facilitate communication amongst all project participants (nasadrought@unl.edu) (ongoing).
· NDMC will continue to update and maintain a project web site (http://www.drought.unl.edu/nasa/index.html) for project communication and to facilitate the integration of NASA Earth Science data into the USDM (ongoing).  Data and Deliverables section will also be set up on the NDMC-maintained NASA project page when ready.
· NDMC secured FTP site and established NASA Project web site at NDMC (Sep 08).
· NDMC staff (Wardlow and Tadesse) met with USGS EROS staff (Brown and Cali Jenkerson) to discuss the eMODIS products and coordination of the deliverables to the USDM authors.  The discussions included an update on the development of the eMODIS system, product and system specifications, and deliverable requirements for the USDM authors. (Aug 08).  

· NDMC staff (Svoboda, Hayes, Tadesse, Poulsen, and Wardlow) and EROS (at EROS) scheduled a meeting to discuss the initial products being generated from the eMODIS system. (May 09).
· NDMC presented VegDRI and enhanced DM/DSS mock-up at the NADM Forum (Oct 08) (Wardlow, Fuchs, Svoboda).
· NDMC presented VegDRI at the US/Canada Bi-lateral GEO Workshop, Arlington, VA (Oct) (Wardlow).
· NDMC and USGS collaborated on prototyping remote sensing data requirements for drought decision support. (Dec 08).
· NDMC (Brian Wardlow) participated and presented on the NDMC remote sensing projects and activities at the NIDIS Knowledge Assessment Workshop entitled “Contributions of Satellite Remote Sensing to Drought Monitoring” in February 2008 in Boulder, Colorado.
· NDMC’s attendance and presentation on NDMC activities/progress at NASA project meeting in Boulder, CO. Set up initial contacts and data formatting requirements for the National Integrated Drought Information System (NIDIS) Portal (drought.gov) for ingesting JPL/PSD products and data into the U.S. Drought Monitor author community w/in the portal. This will allow for weekly automation/integration into the Map Viewer tool for analysis and evaluation in enhancing the Drought Monitor. Contact established with NOAA National Climatic Data Center and their portal team. (Svoboda) (Sep 08).

· NDMC’s presentation at the North American Drought Monitor Forum in Ottawa, Canada. Talked about NDMC research efforts w/ regards to U.S. and North American monitoring and its potential ties to the NIDIS, Global Earth Observation System of Systems (GEOSS), and the North American Drought Monitor, which lack sufficient observed observations and is ready to evaluate new remotely sensed data and derivative products (Oct 08).

· NDMC showed NOAA-PSD the shape file format access in U.S. Drought Monitor archive and presented U.S. Drought Monitor operational snow product resources to JPL (Oct 08).
· NDMC provided guidance/feedback on initial JPL and NOAA PDS derivative products involving the QuikSCAT Soil Moisture Change (SMC). Provided information on Drought Monitor ranking percentile criteria, color scheme, and U.S. Drought Monitor operational methods, color scheme, delta maps, and temporal production needs that will be applied to the SMC product (Oct 08/March-April 09).

· NOAA PSD acquired in-situ soil moisture data (mostly for the state of Nebraska) from High Plains Regional Climate Center in Lincoln; also acquired related sensor data for the same stations, including soil temperature, precipitation, air temperature, and soil type. Daily soil moisture observations and related variables (AWDN1) were acquired for 37 stations in Nebraska from High Plains Regional Climate Center (HPRCC). Starting dates of records vary, but earliest data begin in 2000. Soil types for each station and level were acquired separately.
· NOAA PSD also acquired other in-situ data sets from other agencies, with the idea that these data would be valuable in the near future. For example, we now have archived USGS data for 13 stations, mostly Wisconsin. In addition to the 13-station USGS data set, the Soil Climate Analysis Network (SCAN) data set consisting of 134 stations in the western United States was acquired. These data were provided by the US Department of Agriculture, Natural Resources Conservation Service (NRCS).
· NOAA PSD acquired pixelated soil moisture estimates from the QSCAT (active) and AMSR-E (passive) instruments. Data are provided by JPL.  QSCAT SMC and AMSR-E data acquired for region corresponding to CONUS. QSCAT SMC data extends from January 2007 to present, with ongoing automatic updates. AMSR-E extends from June 2002 to present and can be easily updated.
· NOAA PSD processed data to facilitate comparison (common units and format, daily resolution, etc.). Make a standard daily station time series format. Provide customized data from these sources to members of project team at their request. Data sets have been processed. AWDN1 station data set is in local standard format.  QSCAT SMC and MODIS NDVI are in NetCDF format. AMSR-E is in HDF source format. QSCAT SMC and AMSR-E files are available to project team members (updated occasionally or by request).
· NOAA PSD is in progress to compare and validate surface soil moisture observations with satellite-based measurements. This includes investigation into the area that a single surface-based observation can reliably represent, relationship with soil type, etc. This work is continued into in Year 3 of the project. Preliminary results were obtained for Nebraska stations versus MODIS NDVI.
· NOAA PSD started to develop an algorithm to relate surface soil-moisture as determined from satellite to depth-integrated soil moisture from ground-based observations. (1 November 2008).  This work is continued into Year 3. Requisite data sets and comparison software have been partially developed.
· NOAA PSD coordinated with National Integrated Drought Information System (NIDIS) and the Western Water Assessment (WWA) on improving value of soil moisture measurements from an end user perspective. This is an ongoing collaboration with other drought team members.
· NOAA PSD is prepared to participate in using MODIS-based system results for surface water status (provided by Dartmouth Flood Observatory) to benchmark old and new USDM results to determine and quantify the improvements.
· NOAA PSD is taking the role of leading a demonstration of the improved USDM prototype.  In this regard, SMC daily prototype is on line and demonstrated via distributed e-mail of 20 February 2009. Future products will be demonstrated as they are produced. Collaboration to improve prototypes continues.

· NOAA CPC (Climate Prediction Center) participated in discussions of drought forecast by telecon.
· DFO (Dartmouth Flood Observatory) has developed surface water status products, and used them as a metric for evaluating the system performance of the Drought Monitor.  U.S. stream gaging stations, which also measure surface water, provide a critical input to the present drought assessment algorithms. Streamflow integrates the effects of temperature, precipitation, watershed geomorphology and geology, and antecedent conditions. The U.S. has been divided into 5348 hydrologic accounting units (watersheds) and the present array of gaging stations provide information on the status of moisture deficits or surpluses for many of these units, and including contributing units further upstream. However, many of these stations gage major rivers and their linked tributary systems, and data from these are not independent measurements of the local contributing areas until the imported water from upstream watersheds is accounted for. This is not accomplished in the 7 day streamflow averages prepared by the USGS (used in the USDM) and presented in the form of percentiles for period of record: instead, as one moves downstream along all streams and rivers, the additional gaging station discharge percentile information applies to the entire upstream contributing areas instead of the local incremental contributing areas. Remote sensing offers, instead, the opportunity for discrete land parcel or catchment-unit measurements of existing surface water status.  As well, there exist hundreds of U.S. ponds and reservoirs, including many small water bodies < 100 km2, which are ungaged.  Across much of the U.S, these water bodies are important to local agriculture, livestock, recreation, and other uses, and their areal extents are also observable indicators of drought status. Increases in contributing watershed runoff to many reservoirs are accompanied by changes in reservoir water surface areas. If these areas can be consistently, frequently, and economically monitored, through time, then such data can provide significant enhancement and testing of map evaluations of regional drought conditions (such as the U.S. Drought Monitor, or USDM). DFO obtains such measurements to facilitate their incorporation into the USDM as an independent drought monitoring evaluator.
· DFO evaluated the capability of MODIS data to numerically estimate the surface water status of selected U.S. hydrologic accounting units. DFO began, as planned, by testing change detection/measurement approaches. It is clear that Band 2 of the two MODIS sensors very sensitively discriminates surface water changes at a spatial resolution of 250 m: the challenge is to design a processing methodology that, working around the abundant noise (changes in cloud cover and cloud shadows, terrain shadowing, seasonal changes in vegetation and illumination, atmospheric changes), can produce a weekly MODIS-based product covering all of the U.S. (excluding Alaska, Hawaii, and territories) and which can be directly compared to the USDM).\
· DFO developed several other methods for surface water classification and mapping. “Change detection” for water can proceed either by direct comparison of raster-based data or as Geographical Information System (GIS) water polygon-based comparison of mapped water. Mapping the water, in this case, makes use of standard remote sensing image classification procedures to discriminate water, then polygons are fit to the classified water areas, and then, within the GIS, map displays can show areas of expanded or decreased water area.
· DFO demonstrated the advantage of the GIS-based approach.  It offers the possibility to retain the relatively fine spatial resolution of the two MODIS 250 m bands, by performing new data retrieval and water classification and mapping over discrete, 10 deg x 10 deg portions of CONUS. However, it also allows for easy combination of such detailed, regional displays into all-U.S. displays that can be directly compared to the USDM.  This work is continued in Year 3 of the project.
· All participated in writing and presenting review and technical reports, and conference/journal papers.
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