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1. Objective 

E-DECIDER will provide decision support for earthquake disaster management and response utilizing NASA (and other available) remote sensing data and NASA modeling software. E-DECIDER will deliver web-based infrastructure designed for ease-of-use by decision makers, including: rapid and readily accessible satellite imagery and UAVSAR interferograms following earthquakes; standards-compliant map data products; and deformation modeling and earthquake forecasting results.  The decision support tools will be developed working in partnership with end users in first response and disaster management agencies, but primarily with our partner in the project, the US Geological Survey.

2. Summary of Accomplishments

· Delivered emergency response products under International Charter disaster management effort at direct request of Japanese government for M 9.0 Tohoku-oki earthquake.
· Developed workflow for creating HAZUS-MH earthquake loss estimation models based on Baja Mexico scenario earthquake utilizing QuakeSim tools with export to Google Earth.
· Continued development of optical change detection and earthquake forecasting methodologies.

3. Current Progress Description 

Response to Tohoku-oki, Japan Earthquake (Maggi Glasscoe, Robert Granat, Michael Burl, Benjamin Bornstein – JPL; Marlon Pierce, Jun Wang, Marie Ma – Indiana University; Gerald Bawden – USGS)
Developing the methodology and mechanisms to provide products that are sought after by the emergency response community and the decision makers who are guiding the emergency response efforts are among the objectives for E-DECIDER.  There have been 5 major earthquakes in the past 18 months that have shown how such a utility is needed; Haiti, Chili, Baja, New Zealand and Japan.  The M9.0 Japan earthquake and tsunami provided the first opportunity for the E-DECIDER team to develop emergency response products that were directly provided to the Japanese government.  E-DECIDER team member Gerald Bawden (USGS) co-lead an international effort to analyze all US satellite imagery provided to the International Charter for the emergency response effort.  The Japanese government provided a list of cities along the northwestern coast of Honshu that were known to have sustained significant damage from the tsunami and cities for which they had no contact with since the tsunami came ashore.  The USGS provided access to all data collected for the earthquake and tsunami response, including restricted imagery.  The E-DECIDER team quickly mobilized and generated a number of products for emergency response under the guidance of Dr. Bawden (see figures below).  Several of the products have been posted on the Internal Charter webpage: 

 

http://www.disasterscharter.org/web/charter/activation_details?p_r_p_1415474252_assetId=ACT-359
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Preliminary inundation assessment using NASA MODIS Aqua data with change detection methodology produced by Robert Granat (JPL) with GIS map product produced by Jun Wang (IU).
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Pre- and post- earthquake image pair provided under International Charter data usage for decision support to the Japanese government produced by Jun Wang (IU).
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The nuclear power plants in the Fukushima area were of particular interest.  These images were provided under International Charter data usage for decision support to the Japanese government and were produced by Jun Wang (IU).

Optical Imagery Change Detection Evaluation (Michael Burl, Robert Granat, Ben Bornstein, JPL)
Efforts to develop the optical change detection methods continue, but in the wake of the March 11, 2011 Tohoku-oki Japan earthquake, a more concerted effort was taken in order to provide decision support tools rapidly to the Japanese government.  Scripts were developed to download and filter all the available data from the Hazards Data Distribution System, which hosts the International Charter data. This allowed for a slightly more effective search of the available data, since the current system for accessing the HDDS data is extremely inefficient (a graphical user interface with limited search functionality).  Change detection products were generated using MODIS and LandSat data. Further development of orthorectification tools and automation of imagery analysis will continue in the upcoming period.
InSAR decision support data products (Eric Fielding, Jay Parker, Scott Hensley, Maggi Glasscoe, JPL; Indiana University team)

We have met and identified several InSAR data products for development.  ROIPAC has been installed at Indiana University.  We will use UAVSAR data as the initial source, though the methods should be extensible to satellite radar data.  Products identified for development include: decorrelation maps with overlays of infrastructure to map areas of predicted damage; inversions of InSAR data to show areas of greatest shaking; and using unwrapped interferograms to show fault locations, the amount of slip at specific locations, displacement patterns, all with infrastructure and lifelines overlayed.  Plans also include developing a means to superimpose an inventory of infrastructure and lifelines that may have been damaged.  The nominal workflow starts with the interferogram or raw radar data, then moves to determining the displacements, which can be piped into the simplex inversion code to produce inputs to the HAZUS model, which outputs the damage and loss estimation models.
Earthquake loss estimation service (Marlon Pierce, Jun Wang, Marie Ma, Indiana University)

We continue working on using the FEMA HAZUS-MH earthquake model for loss estimation on southern California region. We currently focus on the following two sub-projects:

1. Scenario earthquake hazard map generation with QuakeTables and OpenSHA

2. Exporting HAZUS data and simulation results to Google Earth

Scenario earthquake hazard map generation:

In HAZUS-MH, a scenario earthquake is defined by PESH (Potential Earth Science Hazard) model; it comes in as four Shapefiles to describe the ground motion. OpenSHA (http://www.opensha.org/) is an open-source, Java-based platform for conducting Seismic Hazard Analysis (SHA), and has tools for generating PESH files. The main input parameters include fault geometry, attenuation relationship, magnitude and hypocenter location. Fault geometries may come from QuakeTables (http://quaketables.quakesim.org/).

In our test case study, OpenSHA works smoothly as a link between QuakeTables and HAZUS-MH. The loss estimation of scenario earthquake is influenced by the different attenuation relationship. QuakeTables can be potentially developed as the interface to suggest scenario earthquakes for HAZUS-MH user.
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Sample fault geometry: Laguna Salada from QuakeTables
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PESH generation with OpenSHA and QuakeTables for simulated 7.2M earthquake

Export HAZUS data and simulation results to Google Earth:

FEMA HAZUS-MH is running inside ArcGIS. We developed tools to export both HAZUS inventory data and simulation results to Google Earth. Critical infrastructure including hospitals, schools, fire stations and transportation system are pulled out from inventory database. Simulation results are exported as various mapping products. In Google Earth, the output layers can be further enhanced by overlaying other information, such as InSAR interferograms. 

[image: image6.png]



Critical Infrastructure exposure to Baja 7.2 Earthquakes
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Total loss estimation for each census tract
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Highway bridge functionality estimation after earthquake
Record breaking earthquake forecasts (Mark Yoder, John Rundle, UC Davis)

We have shown that record breaking inter-occurrence interval statistics can be used to separate clustered aftershocks from background seismicity. We have also shown that record breaking statistics have the potential to detect accelerating moment release (AMR) precursory to some earthquakes (Yoder et al. 2010). Further development of these methods suggests applications in seismic risk assessment and short term earthquake forecasting. We introduce scaling laws and fault models to tune the method. We have produced hazard maps and retrospective forecast examples from Parkfield, CA 2004, Baja California Norte 2010, Chile 2010, and Japan 2011. With respect to the Japan m=9.0 earthquake, we suggest that record breaking and mean interval methods can be used to identify foreshocks.
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Illustration 1: Record-breakign ratios, Eq. (2), for Japan (top), Middle: mean intervals
(middle), and earthquake magnitudes (bottom) for northern and central Honshu (catalog
shown on right). Note that the catalog shows mean acceleration on all shown scales starting in
early 2010.





4. Work Plan for next Reporting Period

The plan for the next reporting period is to complete development of the optical change detection methodology and have the prototype InSAR data products under development.  Our midterm end-user workshop is scheduled at the end of the fiscal year, and will be organized in the August-September timeframe.  We will invite and seek feedback from potential end-users and the decision support community about our products and how they meet the needs for earthquake disaster management.  Additionally, discussions are underway to determine the direction of our product development, given our recent experiences with actual decision support in earthquake disaster scenarios with the Haiti and Japan earthquakes.

Dr. Bawden has been involved with guiding product development for E-DECIDER through access to data and product generation that meet the objectives of the end user communities and will aid in organizing and guiding these efforts.
5. Schedule Status

Our current schedule status and milestone chart is shown below.  An explanation on schedule slippage and our corrective actions are explained in following sections.
[image: image10.png]=

000
10
2

°

1o
12
130
14
150
1
170
1
10
20
2100

Title

v & E-DECIDER
Develop automated InSAR delivery pipeline
Import metadata to database, provide searchable interface
Develop means to ingest InSAR data and convert to web format.
Emit KML/GeoRSS feed through QuakeSim portal
Develop optical imagery processing method
InSAR delivery infrastructure production
Define higer level, automated data product pipeline
Refine and deliver optical imagery processing method
Integrate modeling codes
Catalog and integrate data products into pipeline
GE overlays of ritcal infrastructure with InSAR
Midterm workshop
Deliver production quaity automated pipelines
Product in use by USGS and other users
Implement user driven product pipeline
Customization of user inerface through E-DECIDER portal
GE overlays of ritcal infrastructure and damage estimates
Deliver production quality data driven pipelines.
Upgrade and update automated pipeline infrastructure
Final end-user workshop

Deliver final product to system integrators and users

Civen
Planned Work

285 days

265 days

245 days

245 days
120 days

29 days

Expected Start %

9/28/09
9/28/09
1110
s/1/10
911710
171710
10/1/10
12/1/10
3111
3111
6/2/11
83111
97111
107311
101511
a2
71112
10/1/12
4212
4113
71113
8/15/13

Complete
7™

30%
so%
30%
100%

20%

IRRRGRIRRRYREY




E-DECIDER schedule
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Milestone chart
6. Project Costs

The following charts show the costing for the project as reported by the JPL financial system.  The USGS costing report is also included.
Spending is mostly on track, although in March we saw a significant increase in work effort due to the Japan earthquake response, which we will reconcile later in the year.  There are also some institutional chargebacks that are being refunded to the account, which will adjust the balance in April.
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Summary of JPL Costs as of February 2011
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JPL Actual Cost vs. Plan as of March 2011 ($K)
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USGS Actual Cost vs. Plan as of February 2011 ($K)
7. Delays/Problems Experienced 
We are still behind schedule with InSAR product development, though we may need to refocus our efforts given the data availability in the response timeframe in earthquake disasters for decision support.  We are moving forward with our planned development, but are discussing our options with our USGS co-I (who serves as our end-user advisor) as to how we might want to concentrate our efforts.
8. Corrective Actions/Recovery Plan 

A re-evaluation of our budget plan given the work effort following the Japan earthquake response will be necessary to bring the project back on spending target.  We will also be meeting in April to discuss the focus of end-user product development given our experiences with data availability in recent earthquake response efforts.
9. References

 [1] Yoder, M.R., Turcotte, D.L., Rundle, J.B., Record-breaking earthquake intervals in a global catalog and an aftershock sequence , Nonlin. Processes Geophys.,  17, 169-176 (2010).

10. Additional Comments or Pertinent Information 

Acronyms

These acronyms are used throughout the project and in this report.

· AIST: Advanced Information System Technologies
· ANSS: Advanced National Seismic System

· API: Application programming interface

· COSI-Corr: Co-registration of Optically Sensed Images and Correlation

· ESTO: Earth Science Technology Office

· FEMA: Federal Emergency Management Agency

· GE: Google Earth

· GeoRSS: Geographic Really Simple Syndication

· GUI: Graphical User Interface

· InSAR: Interferometric Synthetic Aperture Radar

· KML: Keyhole Markup Language

· PHP: Hypertext Preprocessor

· PI: Pattern Informatics

· RIPI: Relative Intensity Pattern Informatics

· RtFT: Real-time Forecasting Tool

· SAR: Synthetic Aperture Radar

· UAVSAR: Uninhabited Aerial Vehicle Synthetic Aperture Radar

· UNAVCO: formerly the University NAVSTAR Consortium, now UNAVCO, Inc.
· USGS: United States Geological Survey

· VC: Virtual California
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