RxCADRE Integrated Research Project Update—August 5, 2013
To Joint Fire Science program—John Cissel
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Project Timeline

As of early August, the RxCADRE members believe we are on schedule for completion of the project by the end of March, 2014. We conduct monthly conference calls and according to the scientists, the majority of the data and metadata files for 2012, 2011 and 2008 should be uploaded onto the data repository by the end of August or mid-September.  

· October 31-November 12, 2012: Field effort complete
· February 18-22, 2013: RxCADRE special session, 4th Fire Behavior and Fuels Conference
· August 5, 2013:   RxCADRE detailed progress report to John Cissel 
· August 31, 2013:   Complete uploading 2008, 2011, and 2012 RxCADRE data 
· September 1, 2013:  Ottmar will prepare an outline of final report for review by RxCADRE members
· September 15:  Website progress report to JFSP
· October 1, 2013:    Final report draft information to Roger
· January 1, 2014:   Drafts of special issue papers
· March 31, 2014:  Publication and JFSP Final report
Reporting and Technology Transfer


Website  

Two simple website has been established for the RxCADRE project.  http://www.firelab.org/research-projects/physical-fire/205-rxcadre.  The site is linked to the Rocky Mountain Research Station website.  

http://www.fs.fed.us/pnw/fera/research/rxcadre/index.shtml.  This site is linked to the Fire and Environmental Research Applications website and is presently under construction.  
 
Publications  

International Journal of Wildland Fire

Hudak, A.T., R. Ottmar, B. Vihnanek, N. Brewer, A.M.S. Smith and P. Morgan. 2013. The relationship of post-fire white ash cover to surface fuel consumption. International Journal of Wildland Fire.  Currently published on line: http://dx.doi.org/10.1071/WF12150. 6p.


The International Journal of Wildland Fire has agreed to host a special issue to present the data and results from the RxCADRE project. Draft papers are expected at the beginning of 2014. Tentative publications titles and authors are:

· 1-Introduction and overview of project including lessons learned (Lead Authors: Ottmar and Hiers) 6-8 pages

· 2-Fuels-direct measurements—pre-fire load and consumption (Lead Authors: Ottmar with Hudak) 10 pages

· 3-Fuels—LiDAR (Lead Author: Seielstad) 8-10 pages

· 4-Fire Behavior –ground based measurements (Lead Author: Butler) 10 pages
· 5-Fire behavior from boom, tower with context for fire effects (Lead Author: O’Brien) 10 pages

· 6-Fire Behavior (aerial) and energy balance (Lead Author: Dickinson) 10 pages

· 7-Meteorology including local winds (Lead Author: Clements, Butler) 10 pages

· 8-Emissions ground and aerial (Lead Authors: Potter, Urbanski, and Gullett) 10 pages

· 9-Fire Measurements using UAV (Lead Authors: Hiers, Dickinson, Zajkowski) 10 pages 

· 10-Fire radiative energy release based on airborne lidar metrics of surface fuels (Authors: Hudak, Dickinson, O’Brien, Butler, Kremens, Seielstad, Ottmar) 10 pages
  

4th Fire Behavior and Fuels Conference

Papers in review that are to be printed from the 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013. 

Ottmar, Roger D., Vihnanek, Robert E., Wright, Clinton S.  2013. Ground measurements of fuel and fuel consumption from experimental and operational prescribed fires at Eglin Air Force Base, Florida. Proceedings of the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013, 6p.

Hudak, A.T., R.D. Ottmar, R.E. Vihnanek and C.S. Wright. 2013. Relationship of post-fire ground cover to surface fuel loads and consumption in longleaf pine ecosystems. Proceedings of the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013, 6 p.

O’Brien, Joseph.  Fine scale spatially explicit fire measurements.   2013. Extended Abstract of the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013, 1p.



Joint Fire Science Program Digest

RxCADRE has been working with Gail Wells and Tim Swedberg to complete a JFSP Digest entitled: Capturing fire, RxCADRE takes fire measurements to whole new level.  The article has been reviewed by RxCADRE members and has been sent back to Gail and the JFSP for final publication.  

PNW Research News

An article on theRrxCADRE project was published in the Pacific Northwest Research Station Research News, winter, 2013.  http://www.yasmeensands.com/wp-content/uploads/2013/07/PNW-News-Winter-2013.pdf
	

Conferences  

4th Fire Behavior and Fuels Conference, February, 2013

A special session was held at the 4th Fire Behavior and Fuels Conference held in Raleigh, NC, February 17-22, 2013. Kevin Hiers and Roger Ottmar chaired the special session. Presentations by order included:

· Kevin Heirs (Session Co-Chair) -- RxCADRE Overview
· Bryce Nordgren — Data management 
· Roger Ottmar (Session Chair)-- Fuel loading and fuel consumption measurements 
· Carl Seielstad — Ground LiDAR fuel measurements 
· Andy Hudak — Surface cover fraction measurements 
· Craig Clements -- Meteorological measurements 
· Matthew Dickinson —Ground, airborne, and satellite measurements
· Bret Butler —Surface fire behavior measurements 
· Joseph O’Brien —Fire effect measurements 
· Greg Walker—Measurements from the quad copter and G2R unmanned aerial systems
· Tom Zajkowski— Measurements from the Scout unmanned aerial system
· William (Ruddy) Mell— New approaches to fire behavior modeling 
· Brian Potter —Emission and plume dynamic measurements 
· Shawn Urbanski —Airborne smoke measurements 
· Brian Gullett—Aerial and ground measurements of emissions
   
Two proceedings papers (Ottmar and Hudak) and one extended abstract (O’Brien) were submitted for publication from this special session.  All presentations are posted on the RxCADRE website: 

http://www.fs.fed.us/pnw/fera/research/rxcadre/index.shtml

Numerical Wildfire Conference, May, 2013

Craig Clements was a presenter at the Numerical Wildfire Conference held in Corsica, May 13-17, 2013.  His presentation was entitled:  Wildland fire experiments at the field scale.   He discussed the data collected at RxCADRE.

International Smoke Symposium, October, 2013

A special session will be held at the International Smoke Symposium, October 24, 2013 in Adelphi, MD entitled: “State of Fire Behavior Models and their Application to Ecosystem and Smoke Management Issues”.  Many of the RxCADRE scientists (italicized) will be presenting during this session. Titles of presentations and presentor include: 

1. Overview of Funding Sources SERDP/ESTCP and JFSP and their research/demonstration priorities- John Hall and John Cissel
2. State of fuel characterization and consumption for wildland fire planning – Roger Ottmar/Carl Seielstad
3. State of smoke dispersion modeling for wildland fire planning – Sim Larkin/Susan O’Neill
4. Wildland fire smoke model validation needs – Tim Brown/Craig Clements 
5. State of fire behavior modeling (Mark Finney) 
6. Future of coupled fire-atmospheric modeling – Ruddy Mell/Rod Linn
7. Micrometeorology links to combustion physics and smoke dispersion dynamics– Craig Clements/Scott Goodrick 
8. State of fire modeling for ecosystem management-Kevin Hiers
9. Research and model validation gaps for understanding fire effects- Matthew Dickenson/Joseph O'Brien


American Geophysical Union, December, 2013

Andy Hudak submitted a poster abstract to the American Geophysical Union entitled: Relationship of surface fuels to fire radiative energy as estimated from airborne lidar and thermal infrared imaging for presention in December, 2013.  Co-authors include: Hudak, Dickinson, Kremens, Loudermilk, O’Brien, Satterberg, Strand, Ottmar


Presentations and webinars

We do not miss a chance to talk about the RxCADRE project and the support we have received from the JFSP.  Several of the presentations outside of conferences or symposiums include:

· Ottmar: RxCADRE presentation, USFS Region 6 and BLM Fuels committee, Portland, OR, December 3, 2012.
· Ottmar: RxCADRE presentation @ Smoke management course, US Forest Service Region 6/BLM, Redmond, OR, January 8, 2013.
· Ottmar: RxCADRE presentation, @ Smoke management course, US Forest Service Region 1, Missoula, MT, January 15, 2013.
· Ottmar: RxCADRE presentation @ Smoke management course, US Forest Service Region 4, Boise, ID, February 12, 2013. 
· Ottmar: RxCADRE presentation @ Smoke management course, US Forest Service Region 9, February 26.
· Ottmar: RxCADRE presentation@ Smoke management course, US Forest Service Region 10, BLM, Alaska Fire Service, Fairbanks, AK, April 26.
· Ottmar: RxCADRE presentation, US Forest Service Region 2, Lakewood, CO, April 28.
· Ottmar: RxCADRE presentation, Joint Base Lewis-McChord, May 21. 
· Ottmar: RxCADRE presentation @ Smoke management course, US Forest Service, Region 8, Birmingham, AL., June 11, 2013. 
· Jimenez: Presentation on the RxCADRE, Missoula webinar, Missoula, MT, March 14, 2013.
· Jimenez: RxCADRE presentation to Sam Foster, June 19, 2013.
· Jimenez: RxCadre presentation for Fire Science Champions Network, June 27, 2013. 

Discovery Channel--Canada





The Daily Planet program, Discovery Channel—Canada spent two days with RxCADRE PI Roger Ottmar and produced a short documentary on the RxCADRE project during the field campaign at Eglin Air Force Base.  The documentary was aired in Canada in January, 2013 and can be viewed at: 

Daily Planet – Controlled Burn
Regular: http://watch.discoverychannel.ca/#clip918742 
Twitter: http://bit.ly/109bsXz    


Fiscal, Personnel, Cooperators, and Individual Logistics

The Rocky Mountain Research Station accepted the JFSP funds and all agreements are in place with Universities and other Research Stations.  There have been few problems with fund transfers or budget accounting.  Dan Jimenez has been overseeing the budget and working closely with the RMRS agreements and budget personnel to move the funds quickly and efficiently.  Total participation in the field campaign portion of the project included 90 scientists, technicians, and operations personnel from many Agencies and Universities.  Through weekly updates and communications between individuals, housing and transportation was shared reducing overall field costs. Agency and University participation included: 

· Rocky Mountain Research Station
· Northern Research Station
· Pacific Northwest Research Station
· Southern Research Station
· Department of Defense
· Department of Air Force, Eglin Air Force Base
· Jackson Guard
· Eglin Air Force Base Test Wing
· University of Montana
· San Jose State University
· University of Idaho
· University of Alaska, Fairbanks
· Georgia Institute of Technology
· Environmental Protection Agency (EPA)
· National Aeronautics and Space Administration (NASA)
· Los Alamos National Laboratory 
· US Forest Service Region 8
· Scion Research—New Zealand 






Data Management

Data Management (Nordgren lead)

Data management on this project is an experiment and has been a challenge. Our original proposal was to configure a project website which would collect the project data under one umbrella and facilitate the authoring of metadata. Additionally, it was a goal to use off the shelf software requiring no software development. This has been accomplished (with a minor caveat: a small amount of development was required to convince the software to use the Forest Service Active Directory). We have identified some “pain points” with the free software which could stand to be improved. The biggest of these is management of files associated with the metadata records. This is directly attributable to the fact that the software is primarily used for metadata editing, rather than data management.  If the software were to be used again, investment in strengthening its features related to data management for large files should be a priority.

Communications with the FS R&D archivists have elicited two lists of keywords which they require for all submissions. These lists have been reviewed by the archivists, entered into the website software and are available for use by the team. We have agreed on a method to use the website to facilitate the transfer of datasets from individual scientists to the archives. At this juncture, using the website to accrete datasets, author metadata, and provide collaborative review for a large, geographically distributed team is still expected to deliver substantial value added.

In addition to the one website we intended to set up, we responded to a need voiced just prior to the collection campaign in 2012. Specifically, the team desired a means of uploading and collaboratively reviewing datasets on site. As the original website was geared toward the editing of metadata, it was too rigid for the fluid data transfer and description imagined by the team. We gave the team two additional alternatives: a simple “shared disk” and a Drupal website configured for “informal documentation”. By informal documentation, it is meant that the site supports arbitrary relationships between datasets, free text annotation of datasets, as well as the ability to comment on individual datasets. The team was not able to utilize this resource on site due to time constraints.  However, the shared disk has been widely used. One downside of all these options is that 8 months after the data collection, team members are confused by the fact that there are three ways to share data.

Bryce Nordgren, Dan Jimenez, and Casey established an informal and formal repository with a user’s manual.  The informal repository was established to share data immediately following each fire.  The formal repository has been configured to accept all metadata and data from the RxCADRE burns for 2012, 2011, and 2008.  A repository user’s guide has been prepared and distributed among RxCADRE members.   The specifics of the repository was presented at the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC  All discipline leads are responsible for quality assurance and control of data and metadata.  They are also responsible for uploading and managing data and metadata.  Any individual using the data will be required to cite the funding agencies.  Finally, once all data is uploaded, the repository will be transferred to a permanent site managed by the US Forest service in Kansas City.  Bryce was not able to attend the Raleigh conference but did present via a video cam presentation. 

Nordgren, Bryce. Data management of the prescribed fire combustion and atmospheric dynamics research experiment (RxCADRE).   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

  
Field Effort

Research blocks

Six 100m X 200m replicate burn blocks and three 400+ acre operational burn blocks were instrumented and burned during a 2-week between October 31 and November 12, 2012 on Eglin Air Force base (Fig. 1).   Three of the replicates and one large operational burn were in a grass fuelbed type, three replicates and one operational burn were in a grass/shrub fuelbed type.  One operational burn was in a managed southern fuelbed type.  The small replicates were selected in response to discussions with Ruddy Mell and Rod Lynn for the need to highly instrument replicate units to represent the fine scale operations.  The larger burns were selected to represent the larger scale and for better assessing smoke.   

[image: ]
Figure 1.  Location of the small and large burn blocks.





Data collection

The small blocks were highly instrumented and sampled to provide detailed fuels, fuel consumption, fire behavior, heat flux, and fire effects data.  Unmanned Aerial Systems (UAS) provided visible and infrared images of each fire. The timing standard used was Greenwich Mean Time (GMT). The instrumentation framework was designed to support the requests and needs of Ruddy Mell and Rod Lynn.  The blocks were ignited uniformly and rapidly to provide a continuous flaming front. Lighting protocols and instrumentation design was fine-tuned following burns monitored by Mell, Ottmar, Seielstad, Butler, and Jimenez at Joint Base Lewis- McChord in September, 2012.  

The larger operational blocks provided large scale information and sufficient smoke for emission sampling.  Measurements were conducted at Highly Instrumented Plots (HIPs) within the blocks and at fixed sampling sites surrounding the blocks.  Fixed wing manned aircraft, unmanned aerial systems, and EPA’s balloon aerostat were also used to sample fire and emissions on the larger blocks.  


Survey

In order to minimize spatial error in instrument geo-location, we arranged for the services of a surveyor.  All instrument locations, sample locations, hot targets for infrared image geo-rectification, and ignition lines on small plots were surveyed using standard survey techniques to high accuracy.  A total of 878 survey points were included in the final dataset and annotated for the repository (Fig. 2).  The expense of the survey (~$22.5K) was greater than anticipated, in large part because we decided that more flexibility was needed in siting instruments on the small plots.  However, the cost has proven worthwhile as we have begun to relate different ground and airborne measurements to each other.

[image: ]  

Figure 2.  Scatter plot of surveyed instruments, sampling locations, hot targets, and ignition lines.



Safety

We followed strict guidelines established by Jackson Guard including use of proper radios and frequencies, PPE, and check-in and check-out procedures.  All personnel were required to attend briefings before entering the field, prior to ignition, and have communications at all times.  All personnel were required to check in before entering the field and check-out after returning from the field.  On ignition day, three briefings were held including ground operations, research, and air operations.  All participants completed live ordinance training before entering the field.   Finally, all scientists or technicians using equipment (e.g. boom lift) were required to obtain a training certification before using the equipment.  The result was zero accidents while in the field. 


Experimental trials to improve and coordinate sampling techniques

All discipline leads felt it was imperative for test burns to be conducted to fine-tune our sampling protocols and better coordinate our logistics.  We accomplish this in two ways.  First, three 150 by 150 meter square blocks in a grass type fuel bed were burned on September 12 at Joint Base Lewis McChord.  Several RxCADRE scientists and others including myself, Bret Butler, Carl Seielstad, Dan Jimenez, Clint Wright, Ruddy Mell, and Mark Finney offered up their own in-kind funds to participate in these fires.  Second, we conducted a test on October 31 at Eglin AFB. All instrumentation was set up and ignition patterns tested.  We used this effort to improve our sampling protocols and better coordinate our research activities to improve our performance and data collection for the RxCADRE burns.     



Specific Progress of Each Research Discipline

Fuel (Ottmar lead)

Destructive Fuel Sampling (Ottmar)

Fuel characterization included destructive and nondestructive sampling before and after each burn in each of the small blocks (25 pre and 25 post), around the Highly Instrumented Plots (HIP) (9 pre and 9 post), and across each of the larger blocks (30 pre and 30 post). All clip plots were 1 meter square except for the HIPs where the clip plots were ¼ meter square.  Nearly 300 clip plots were sampled in all (Figs. 3 and 4).  Fuel moisture samples were collected before each block was ignited. Fuel loading ranged from 1.7 Mg ha-1 on a sparsely vegetated grass site to 19.9 Mg ha-1 on the managed longleaf pine site. Fuel consumption followed suit and was the lowest on the sparsely vegetated site (1.1 Mg ha-1) and the highest on the forested site (6.7 Mg ha-1) (Fig. 5).  Fuel loading, fuel consumption, and fuel moisture content data for all 9 fires has been processed and reduced and is currently being analyzed.  A metadata file has been generated and photographs of each clipped plot sorted and labeled. All metadata, photos, and data have been uploaded to the RxCADRE repository.  Preliminary results of the work were presented at the IAWF Fire Behavior and Fuels Conference in Raleigh, NC, and in a follow-up proceedings paper.  We feel at this time we are on schedule for this portion of the fuels discipline.


Ottmar, Roger D., A Data Set for Fire and Smoke Model Development and Evaluation—RxCADRE. Presentation, 5th International Fire Ecology and Management Congress, Portland, OR, December 3-7, 2012. 

Ottmar, Roger D., Vihnanek, Robert E., Wright, Clinton S.  Ground measurements of fuel and fuel consumption from experimental and operational prescribed fires at Eglin Air Force Base, Florida. Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Ottmar, Roger D., Vihnanek, Robert E., Wright, Clinton S.  (2013) Ground measurements of fuel and fuel consumption from experimental and operational prescribed fires at Eglin Air Force Base, Florida. Proceedings of the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 201, 6p.

Hiers, John, Ottmar, Roger D. Prescribed fire combustion and atmospheric dynamics research experiments overview.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.
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Figure 3.  Replicate block fuel sampling.
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Figure 4.  Large operation burn block fuel sampling layout.
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Figure 5.  Fuel loading and fuel consumption measured on the RxCADRE burn blocks.
Ground based or terrestrial liDAR (Seielstad)

Terrestrial Laser Scanner (TLS) data were collected for the Prescribed Fire Combustion and Atmospheric Dynamics Research Experiment (RxCADRE) to capture the spatial variability in fuels at multiple scales.  A primary goal of this work is to link field measurements of fuels with laser point cloud measurements in order to assist fire behavior modelers attempting to compare model outputs with empirical observations of fire behavior.  TLS data were acquired in the period October – November 2012.  Acquisition parameters were selected to capture high resolution three-dimensional data at localized-scales (20x20m) and at broader-scales (100x200m) in grass/shrub fuel matrices of the southeastern United States (Eglin AFB, Florida, USA).  

Data were acquired pre- and post-fire at fifteen sites with spot spacing of 4mm for nine 20x20m Highly Instrumented Plots (HIPS) and 30mm for six 100x200m burn unit plots, generating three-dimensional spatial models for each with a data volume exceeding 2 billion spatially explicit points for all sites combined. Each of the six burn unit plots was scanned from twelve perspectives (8 pre-fire, 4 post-fire), while the HIPS plots were scanned from 2 -12 perspectives depending on the complexity of the fuel beds. Data collection utilized intensive personnel effort- five graduate students and three staff completed data acquisition in 870 personnel hours over a period of 26 days.  Data were collected with an Optech 36D HD laser scanner mounted on an 80 foot boom lift driven from plot to plot.  The lidar instrument collects data at a rate of 10,000Hz. All data are first return laser pulses – each x, y, z coordinate is tagged with laser intensity and RGB 8-bit color.

To date, all of the laser data have been parsed to binary and xyz formats. For each plot, the scans have been aligned internally and connected to the project survey in projected coordinate space, with three exceptions (plots S9, L1fh2, and L1fh3).  Currently, the derived rotation matrices from the previous step are being applied to the raw data, datasets are being clipped and exported to a useable ASCII x, y, z, and i format for upload onto the project data distribution site.
Preliminary results of the work were presented at the IAWF Fire Behavior and Fuels Conference in Raleigh, NC.

We are more-or-less on schedule with the contract. The data have been collected and we are nearing completion of processing. Beyond initial exploratory work, analysis of the data and generation of higher level data products such as DEMs and fuel metrics are in front of us- to be completed by end of year, 2013.  

Post processing of data, particularly the stitching of multiple scans into common coordinate systems, is more time consuming and difficult than anticipated even with the extensive ground control we established. At present, the alignment matrices for all of the scans excepting those of two forested HIPS and burn unit S9 have been developed and the data are being rotated into common coordinate space. We are posting raw data on the RXCADRE datashare, opting not to post unaligned data, beginning with the grass HIPS and following with the burn unit plots.

Seielstad C.and Rowell, E. Ground LiDAR fuel measurements of the Prescribed Fire Combustion and Atmospheric Dynamics Research Experiment.  Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 20, 2013.


Fuels and post-fire effects (Hudak)

Hudak is involved with relating surface fuels characterization to post-fire effects, airborne lidar, and airborne thermal infrared imagery of the fire progressions. He is touching many different types of data, field data collected at discrete plot locations, GPS data collected at multiple points, GIS layer data in both vector and raster formats, 3-D LiDAR point cloud data in both the native binary format and derived surface or image formats, and image time series layers stacked into 3-D data cubes.

The immediate need is to organize and preprocess all of these data into a format appropriate for analysis, and I’m happy to report great progress. All of the raw data, collected in 2012, 2011, and 2008, have been cleaned and checked and uploaded into both the informal and formal data repositories. Some standard 1 m resolution products derived from airborne lidar have also been uploaded to the repositories, including digital terrain, canopy surface, canopy height, and intensity models. Currently, the data can be downloaded by fellow RxCADRE team members much more easily from the informal repository. Some minor glitches with metadata specifications and website functionality are still being worked out with the formal repository, but all data have been uploaded.

The biggest task remaining in terms of data preprocessing is calibration of the airborne thermal infrared WASP imagery. In April 2013, Matt Dickinson, Kevin Satterberg (a University of Idaho student I’ve employed to help with RxCADRE remote sensing data preprocessing), and I traveled to Rochester Institute of Technology to meet with Bob Kremens and his students, to work on calibration issues. Bob Kremens has also updated the calibration of the ground radiometer data used to in turn calibrate the airborne digital numbers to power units of W/m2. Previously, RIT had been mosaicking the individual airborne data frames into strips, as a way to reduce the data volume. We have since learned that we can achieve better temporal resolution, and closer matches to the radiometer data at the point in time where the flame front passes beneath the ground radiometers, by considering the individual data frames. We have developed automated routines for managing this data processing workflow. This will be applied to the WASP frames collected in 2012 and 2011, but cannot be applied to the WASP-Lite imagery collected in 2008. Those image frames had to be manually georectified by ourselves at significant expense due to a failure of the on-board inertial measurement unit (IMU). These frames are also radiometrically saturated, meaning we cannot pursue a ground-based calibration. However, we will pursue an alternative approach, where we assign a ground-radiometer based power estimate to those pixels classified as burned. The point of all of these tasks is to derive a time series of fire radiative power that can be integrated over time to estimate cumulative fire radiative energy released, which should relate to biomass consumed. This will be the focus of a manuscript Hudak will lead for submission to the RxCADRE special issue of IJWF.

The above-mentioned paper will also make use of airborne lidar derived estimates of surface fuel loads. Hudak generated metrics of surface fuels from the 2011 airborne data collected immediately prefire and was able to predict prefire fuel loads from the lidar with sufficient accuracy (R2 of ~30%) to warrant thorough investigation using the 2008 and 2012 lidar and fuels data as well. Hudak has sent similar metrics derived from the 2012 airborne lidar to Rod Linn at Los Alamos, which Rod and Judy White are using as inputs into FIRETEC.

Analysis of ground measures of post-fire ground cover fractions, in relationship to Roger Ottmar’s clip fuel plot measures of surface fuels and surface consumption, is nearly complete. Preliminary results based on all the 2012, 2011, and 2008 data are available in the 2013 IAWF Conference Proceedings (cited below). An empirical model for predicting surface fuel consumption from post-fire white ash fraction will be included in a manuscript that Roger Ottmar is leading, for submission to the same RxCADRE special issue of IJWF. Finally, a recently published IJWF Communication (cited below) made use of the 2008 RxCADRE fuels and fire effects measures, to demonstrate the significant correlation between fuel consumption and white ash production in longleaf pine understories plus three very different fuel types.


Hudak, Andy. Relationships between pre-fire fuels, fire radiative energy, and post-fire ash.   Presentation at the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Hudak, A.T., R.D. Ottmar, R.E. Vihnanek and C.S. Wright. (2013) Relationship of post-fire ground cover to surface fuel loads and consumption in longleaf pine ecosystems. Proceedings of the 4th Fire Behavior and Fuels Conference, 6 p.

Hudak, A.T., R. Ottmar, B. Vihnanek, N. Brewer, A.M.S. Smith and P. Morgan. 2013. The relationship of post-fire white ash cover to surface fuel consumption. International Journal of Wildland Fire. Currently published on line: http://dx.doi.org/10.1071/WF12150. 6p.


Meteorology (Clements lead)

Ground meteorology (Clements)

In-situ micrometeorological data were collected during experimental burns in the following burn blocks; B70ES3-5, B70ES7-9, B70CL1G, B70EL2G, and B70EL2F. An in-situ 20’ tower (30’ tower for B70EL2F) was placed near the center of each burn block to measure: 1) 3-D wind velocity, sonic temperature and heat flux turbulence data at 10 Hz (data files are named as Turbulence_10Hz_blockname) and; 2) fine-scale vertical thermocouple temperature profile at 5 Hz (data files are named as Thermocouple_5Hz_blockname). The 10 Hz raw velocity and temperature turbulence data were despiked three times using 1-min moving window, then horizontal wind velocity components are rotated in streamwise and crosswise velocity components. In addition, vertical velocity component was tilt-corrected in order to remove error associated with the sonic anemometer not being leveled. The processed data were then averaged over 1-min interval and saved as Data_1Hz_blockname.
 
A 100’ trailer-mounted, mobile extendable tower, CSU-MAPS, was also placed outside the burn blocks to measure upwind temperature and relative humidity, and wind speed and direction sampled every 2 sec (data files are named as CSU- MAPS_blockname_T_RH_WS_WD). 3-D wind velocity and temperature data were also collected at lower and upper tower sections sampled at 10 Hz, and the data files are named as CSU-MAPS_10Hz_blockname. The raw u- and v- velocity components were NOT rotated into streamwise and crosswise directions and thus, the u velocity indicates east-west wind directions (positive u velocities represent east to west direction) and the v-wind direction indicate north-south wind directions (positive v velocities represent north to south direction). 

All datalogger clock time were synchronized to GPS clock in the UTC time. Detailed instruments heights and locations are included in each data folder as well (MS Excel worksheet documents). 
 
A truck mounted Doppler lidar was used to sample winds over the burn plots during RxCADRE. Valid data were collected at the B70ES7-9 and B70EL2G burn plots. The lidar measures the backscatter intensity and wind speeds parallel to the beam direction. The scanning routine performed during the B70ES7-9 and B70EL2G burns was a plan position indicator (PPI) scan, in which the beam swings across azimuth angles. The lidar made measurements in 18m gate lengths up to 1km. Elevation angles during the PPI scans were held constant at 2°. Because the lidar was truck mounted, orienting the lidar to true north was not always convenient. Therefore, the bearing of the lidar was recorded and the orientation was corrected during the post-processing of the data.

Also mounted on the truck was a microwave profiler. This instrument passively senses radiation from the atmosphere to produce thermodynamic profiles. It measures temperature, relative humidity, liquid water, and water vapor density from the surface to 10km. In addition, it also measures ambient temperature, relative humidity, and pressure at the surface. Additionally, it is equipped with a GPS to ensure a location for each profile is known. The instrument output is stored in three levels of data files. Level zero contains the raw data being sensed by the microwave profiler. Level one data contains the brightness temperature from each height and is produced from Level zero data. Level two data contains the thermodynamic profiles and is produced from level one data. 
 
Overall, the data quality from the micrometeorological towers and remote sensing instruments is high with only a few missing datasets caused by sensor malfunction. Preliminary data analysis indicates that the fire-atmosphere coupling during the burns was weak. This is indicated by weak updraft velocities and weak fire-induced horizontal winds with lower than expected plume temperatures. 

Clements, Craig. Meteorological measurements during prescribed fire combustion and atmospheric dynamics research experiment (RxCADRE).   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Clements, Craig.  Wildland fire experiments at the field scale.  Presentation, Numerical Wildfire Conference, IESC Cargese, Corsica, May 13-17, 2013. 



Fire Behavior (Butler lead)

Ground measurements (Butler)

Surface fire behavior and surface wind measurements were collected on all units.  Air flow data included wind speed and direction measured 3.3m above the ground at more than 75 locations around each of the burn units every 3 seconds, we also deployed a sound detection and ranging (SoDAR) sensor upwind of the burn units that provided wind speed and direction information every 10 m from 30-200 m above the ground over 10 minute sampling periods.  

Fire intensity measurements include radiant and convective heat flux emitted from the flames, air temperature during fire passage, horizontal and vertical air flow for up to 25 locations in each burn unit.  Other data include up to 30 in-fire video cameras during each burn.  The data have been reviewed and we are in the process of uploading the data to the repository.  The data indicate that burn intensities were low.  Flame temperatures were also low but less so than the energy release measurements.  This is likely because flame temperature is less correlated with fire intensity than is commonly believed.  Flame height, depth, and length were derived from video images.  Flames ranged from 0.5 to 3m tall.  Rate of spread ranged from 0.1 to 0.3 m/s.  Overall the data suggest that the measurements characterize the low end of the fire intensity spectrum.  Future burns should focus on higher intensities or different fuel types.  Calculated fire radiative energy generally correlated to past measurements in low intensity grass fires.

Infrared and visible imagery of the fire spread was collected from three Unmanned Aircraft Systems (UAS) including the Scout, G2R, and Scan Eagle.  In addition, an infrared and visible camera positioned on top of two 85 foot boom lifts collected fire behavior imagery.  All imagery and data are being processed. Since documentation and measurement of the flaming zone is extremely critical to fire modelers, we quadrupled our efforts to obtain this information. 

Butler, Bret. Ground based measurements of energy release and air flow in experimental and operational prescribed fires in grass and long leaf pine woodlands.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Mell, Ruddy (William). New scientific investments and approaches to fire behavior modeling.  Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Walker, Gregory. Merging unmanned aircraft collected aerial imagery to map the 2012 RxCADRE prescribed burn plots. Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Zajkowski, Thomas. Supporting RxCADRE fire measurements with unmanned aircraft systems.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.


Heat budget (Dickinson lead)



Ground and Airborne measurements (Dickinson)

Nadir-viewing dual-band radiometers and soil heat flux probes were deployed in all small plot burns and around HIPS in large units.  These instruments were collocated with fire behavior instrumentation and meteorological towers.  A combination of these data sources will be used to constrain the fire heat budget.  Three different UAS were deployed with infrared and visible cameras (G2R, ScanEagle, and Aeryon Scout, Fig. 6) and black carbon samplers (G2R).  UAS imagery of fire progression was collected on all fires with geo-rectification from hot targets near instruments.  Quantitative, nadir infrared mapping was conducted with the Wildfire Airborne Sensing Platform (WASP) deployed on a manned aircraft with calibration from ground radiometer data in-fire and calibration targets outside of fires.  Oblique-angle infrared imaging from a FLIR system mounted on a boom lift was conducted on all fires as a backup to UAS fire progression mapping and a second source of quantitative radiative power measurements.  The boom lift data has proven to be highly valuable. 

Dickinson, Matthew. Integrating ground, airborne, , and satellite measurements on prescribed fires.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.
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Figure 6.  Overlay of flamefronts inferred from UAS (yellow perimeter) and oblique FLIR imagery (shades of purple).  Best estimates of fire power are being derived from a combination of fire perimeter information, FLIR imagery, and ground radiometers for comparison with satellite-derived estimates of fire power


Satellite measurement and coordination (Dickinson and Ichoku (NASA, provided own support))

Five NASA/NOAA scientists attended the RxCADRE burns and helped coordinate fire operations with satellite overpass.  We have confirmed fire detection on three fires with two instruments (VIIRS and MODIS) for a total of four independent data points (Fig. 7).  Other detections could not be immediately confirmed because of potential cloud interference.  We are looking back through all RxCADRE fires (2008, 2011, and 2012) along with other fires for which ground and airborne monitoring was funded by JFSP for more detections.  Our dataset will serve as important validation data for satellite fire power retrievals and will help us understand the limits of satellite observation (e.g., effects of cloud and smoke cover).  

[image: ]

Figure 7.  VIIRS detection of RxCADRE small plot fire S5.  Fire power estimated from satellite will be compared with estimates derived from airborne and ground data.  The VIIRS sensor was launched in late 2011 and RxCADRE provides the first known active-fire validation opportunity involving coincident ground, airborne, and satellite measurements.  


Smoke (Potter lead)

Ground sampling emissions (Potter)

The surface smoke PM2.5 data are primed and ready for the data repository.   The data collected during RxCADRE were presented at the 4th Fire and Fuels behavior conference, RxCADRE special session in Raleigh, NC.  The presentation can be found at info.airfire.org/~susan/share/PotterRxCADRESmoke.pptx.  The map below (Fig. 8) shows the location of the Environment Beta-Attenuation Monitor (EBAM) samplers, which collected PM2.5 data during the large grass burns (L1G and L2G) and the forest burn (L2F).  The samplers were shifted between burns to place them in the best location for collecting surface PM2.5 concentrations.  Surface concentrations were collected during and after the burn (Fig. 9), highest concentrations were collected during the forest burn, which was expected due to the higher fuel loads.  High concentrations were also recorded during the forest burn because some of the smoke hugged the ground rather than rising in a hot plume, as was the case during the large grass fires.  Observations of PM2.5 were elevated well after ignition ceased.  

Potter, Brian, Strand, Tara, O’Neal, Susan, Rorig, Miriam, Larkin, Sim. The RxCADRE project: Ground based emission and plume dynamics measurements.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.


[image: ]














Figure 8.  Map of EBAM sampler locations during the two large grass burns (L1G and L2G) and the forest burn (L2F), the forest burn shared sampler locations with L2G.  One sampler ran continuously to obtain regional background levels of PM2.5.
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Figure 9.  Time series of PM2.5 concentrations collected during the L2F burn.  EB1 was located closest to the burn unit with EB2 and EB3 downwind.  Concentrations remained elevated long after ignition ceased.

Balloon smoke measurements (Gullett, EPA provided own support)

Simultaneous aerial- and ground-based emission sampling was conducted during prescribed burns at Eglin Air Force Base in November 2012 on a short grass/shrub field and a pine forest.  Cumulative emission samples for volatile organic compounds, elemental carbon, organic carbon, chlorinated dioxins and furans, and PM2.5 and continuous samples for black carbon, particle size, and CO2 were taken.  Aerial instruments were lofted using a 5 m diameter, helium-filled aerostat that was maneuvered with two remotely-controlled tethers mounted on all-terrain vehicles.  A parallel set of instruments on the ground made simultaneous measurements, allowing for a comparison of ground level versus elevated measurements.  Ground instruments were supplemented by additional measurements of polycyclic aromatic hydrocarbons and particle aerosol absorption and light scattering.   Raw biomass was also gathered on site and tested in a laboratory combustion facility using the same array of instruments.  This work compares emissions derived from aerial and ground sampling as well as field and laboratory results.  The data is being analyzed and will be available in 2014.  
 

Aurell, Johanna, Holder, Amara, Gullett, Brian.  Aerial and ground measurements of emissions from prescribed and laboratory burns.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

Airborne measurements (Urbanski)

Airborne measurements of the smoke chemical composition, plume rise, and smoke dispersion of plumes from the three operational prescribed burns (L1G, L2G, and L2F) studied during the RxCADRE Project.  The airborne smoke component of RxCADRE successfully measured the smoke components carbon dioxide (CO2), methane (CH4), and Carbon Monoxide (CO). CO and CH4 are resistant to atmospheric removal by photochemical reactions and thus serve as potent transport tracers of fire emissions.  We measured the vertical and horizontal distribution of CO and CH4 concentrations downwind of the burn units.  These measurements may be used to evaluate smoke dispersion models such as VSmoke and VSmoke-GIS smoke dispersion models.  The CO and CH4 concentration fields could also be used in an inverse modeling exercises to map the footprint of the prescribed fire emission source strength.  Fire emission footprints developed through this data – model synthesis approach would provide a ‘top-down’ constraint on the magnitude and spatial and temporal variability of emissions from the prescribed fires.  Such a ‘top-down’ constraint on fire emissions could be used to evaluate Fire Emissions Production Simulators (FEPS) model and similar fire emission tools.  

The airborne measurements have also provided emission factors (EF) and modified combustion efficiency for the prescribed burns.  In the case of the forest burn unit, fire LF2, our MCE and EF may be compared with previous studies of prescribed fires in southeastern forests.  We measured fire average (± 1 standard deviation) EF of EFCO2 = 1650±31, EFCO = 109±19, EFCH4 = 4.22±1.35 and MCE = 0.906±0.016.  These measurements show the LF2 fire, which burned on a unit with moderate loads of litter and down dead wood (see fuels discipline section), burned with a lower combustion efficiency and higher emission intensity for smoldering compounds (on a mass of fuel consumed basis) than was observed in previous studies (Fig. 10).

Urbanski, Shawn. Airborne measurements of smoke chemical composition, plume rise, and smoke dispersion from operational prescribed fires in Florida.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.
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Figure 10. Fire average MCE and EFCH4 measured during RXCADRE for the L2F burn compare with previous studies in southeastern mixed conifer forest (A13, B11, U09) and western US wildfires (U13).  Previous studies are: A13 = Akagai et al., (2013); B11 = Burling et al., (2011); U09 = Urbanski et al., 2009; and U13 = Urbanski, 2013.























Fire Effects (O’Brien lead)

Fine scale fire effect (O’Brien)
We have completed data collation and QA/QC for all the raw RxCADRE data from all experiments. We have completed the metadata for the 2011 and 2012 datasets and will meet the targeted deadline of August 30 for uploading the data to the archive. Other progress to date included two presentations at the Fourth Fire Behavior and Fuels Conference in Raleigh: “RxCADRE: Fine scale spatially explicit fire measurements” and “Fuel Life Cycle and Long Term Fire Behavior Responses to Fuel Treatment in Southeastern US Pine Ecosystems.” Other notable progress is the development of Python scripts for rectifying the fine scale IR imagery which has allowed the comparison of radiometric measurements across platforms and spatial scales. These scripts generate a precise geo-referenced dataset of fire geometry, fire intensity and energy release for the boom IR measurements. These scripts will be made available as part of the deliverables. Initial analysis of the SHIPS IR imagery has already allowed Dr. Gary Achtemeier to further develop and expand the capabilities of his coupled atmosphere-fire behavior model “Rabbit Rules.” We have also provided high resolution digital imagery of the fuels for Dr. Achtemeier to develop a classification system of fuel types for use with Rabbit Rules and testing model efficacy using actual fire measurements.
O’Brien, Joseph.  Fine scale spatially explicit fire measurements.   Presentation, IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.

O’Brien, Joseph.  Fine scale spatially explicit fire measurements.   2013. Extended Abstract of the IAWF 4th Fire Behavior and Fuels Conference, Raleigh, NC, February 18-22, 2013.
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