Talking Points for 

Wildland Fire Detection using Geostationary Satellite Imagery
1. Though the primary focus of this session is the detection of wildland fires, the emphasis will be on satellite imagery.  The principals discussed are intended to be used by incident meteorologists, by local forecasters who interact directly with the fire response community, and by personnel tasked with training fire agency staff. 

2. The objectives of the session are as stated on the slide.  The session will show where satellite imagery fits into the fire weather forecast/nowcast process as well as in fire detection.  It is important to note that knowledge of fires in progress should be part of this process.  In fire detection, satellite imagery are intended to provide supplemental support to the official spotter and the general public reports that constitute the mainstay of wildland fire detection.  Satellite imagery is generally an under-utilized source of information available to fill in when spotters miss the fire (e.g., if the fire starts in wildland areas away from human activity, or at night).

3. Effective detection begins with awareness of the situation.  There are a number of routine fire forecast products available on scales ranging from the national to the local level.

4. The Storm Prediction Center provides one and two day fire weather outlooks along with a forecast of dry thunderstorm potential for the same period.  The toggle shows a cropped segment of one and two day outlook areas for a day that wildland fires actually occurred.  The outlined area represents what is considered a “critical threat” area, the hatched area an “extremely critical threat” area.  The SPC product will also outline places where dry thunderstorms are expected with a scalloped line (draw one in).  The very small, irregular-shaped dark areas in this image are 24-hr summaries of wildfires in progress – fires identified using satellite imagery.  The methodology whereby this determination is made will be discussed later.  

5. Fire Weather Watch and Red Flag Warning criteria.  Note that there is no national standard for watches and warnings, simply because fire threat conditions vary regionally.  For example, check out the critical RH for various locations across the United States in the next slide.

6. Threshold relative humidities for watches and warnings across the country.  Gridded values courtesy of the SPC.

7. The Haines Index attempts to quantify the potential for an intense fire plume on a given day in a given area.  It takes into account both instability and moisture.  The information is important, since an active plume can carry very large fire brands, and generate spot fires, not only downwind, but off to the side of the primary fire, as well.  If there are winds, then the spot fires can be quite far downwind from the main plume.

8. The two terms of the Haines Index, and how they are computed.  Different standard levels are utilized depending on local elevation.

9. The U.S. Drought Monitor is a popular product used to identify long term trends, rather than daily forecasting.  It is composed of a suite of  6 objective parameters.  The parameters are used to assign a drought threat value, and the digital values are mapped for the entire country.  Humans then aid in a combined objective – subjective analysis.  Forecasters often utilize this product to help quickly define the overall dryness of fuels (both wet and dry).

10. An example of a U.S. Drought Monitor output map.

11. This section will review some characteristics of the GOES imaging channels as they apply to fire weather forecasting.  It is extremely important to call RSO whenever Red Flag Warnings are in place.

12. Viewing angle diagram showing that the pixel size increases with increasing latitude.  The pixel size also increases with increasing longitude difference for the same reason.  (Note: the size of a GOES-11 channel-2 pixel over central Colorado is about 2.4 x 6.0 km.) 

13. Channel 4 characteristics and usages.  Window channel that “sees” through 90 – 95% of the atmosphere (note: response function shows that the vast majority of the response occurs in the lowest 50 mb of the atmosphere, and there is no “contamination” by water vapor.  The sensor “footprint” is 4 x 4 km, but with over sampling,  the actual instantaneous ground field of view (IGFOV) for this channel is 2.3 x 4.0 km at satellite subpoint.

14. Channel 3 characteristics and usages.  Channel-3, with a central wavelength of 6.7 m, responds to water vapor in the upper atmosphere.  On GOES-8 through 11, the IGFOV is 2.3 x 8.0 km, but beginning with GOES-12, the resolution now matches that of channels 2 and 4 (i.e., 2.3 x 4 km).

15. Visible channel characteristics.  Usages include monitoring plume behavior (esp. looking for pyro-cumulus … a sign of a plume-dominant fire), and monitoring intensity and location to help with air quality issues.

16. Channel 2 characteristics.  Lower left diagram shows that blackbody radiance changes very rapidly at shorter wavelengths (e.g., channel-2, 3.9 m), but changes very slowly over the range of Channel 4’s response range.  The result is that very small sub-pixel fires have a much quicker response in channel 2 than in channel 4 (Draw a rectangular pixel, and color in about 5-10% yellow).  When there is no fire, the two channels match within a couple of degrees of one another, with Ch-2 being slightly warmer.  The difference in total pixel temperatures between the two channels is the basis for an objective fire detection product that will be described later.  Using channel 2 imagery alone, an informal test amongst a number of CIRA researchers finds that before a darkened pixel becomes “visually evident,” the temperature difference between the 3.9 µm and 10.7 m pixel must be roughly 10oC – 15oC.  This represents an involvement of about 2 - 3% of the pixel area for the 200oK difference example in the fraction diagram.  

For a 2.4 x 6.0 km pixel (~3,550 acre), which corresponds to the pixel size for GOES-11 at the latitude and longitude of central Colorado during this period, a  15oC  difference would require a little over 100 acres to be burning vigorously.  Also, the fire could not be on a steep slope facing away from the satellite, and could not be burning in underbrush, shielded from the satellite by forest canopy.  

17. Channel 2 pixel saturation.  Channel-2 pixels saturate at different temperatures on different satellites.  AWIPS and McIDAS are both set up to report a value of  273K (0C) for saturated pixels.  GOES-11, however, gets set to 163K at saturation.  Therefore, the pixel “wraps around” and becomes pure white in a linear color table.

18. As an illustration of the use of channel-2 imagery in fire detection, we will show just one case study that occurred over Colorado in June 2002.  However, the detection principals discussed will apply everywhere; from grass/brush fires in Florida, to sugar cane fires in the southern U.S., to forest fires wherever they may occur.

19. The Colorado Situation Report for 8 June 2002 – the NIFC (National Interagency Fire Center) Situation Report was similar for the state of Colorado.  Both reports mentioned the Trinidad Complex (27,000 acres), Iron Mountain Complex (4,400 acres), and the Rio Grande Complex (200 acres).  In New Mexico the report also noted the Middle Ponil Complex just south of the Colorado border (90,000 acres).  All of the Colorado fires were completely contained, or nearly so.  However there was a Red Flag Warning in place, and had been since the day before.  The Ponil complex in northern New Mexico was only about 10% contained.

20. U.S. Drought Monitor for period leading up to June 8th.  Drought conditions across much of the west had been at near record levels, and fuels throughout the Rockies were exceptionally dry.

21. Denver sounding from 12:00 UTC on 8 June 2002.  Features of interest include a 100mb-deep inversion with a dry adiabatic layer above the inversion – winds above the inversion southwest at 20+ knots.  The parcel corresponding to the forecast high temperature is shown by dotted line.  The inversion should break and stronger winds mix down at a temperature of about 88F (31C).  Toggle shows the numbers used to calculate the Haines Index for this sounding.  The value turns out to be 6.

22. ETA 850mb RH and wind forecasts; in 3-hr increments from 12:00 UTC (8 June) – 06:00 UTC (9 June).  Toggle shows seven forecast times.  The model predicts that the low level airmass over most of Colorado will dry out, while the winds increase – both tendencies that lead to a greater fire danger.  Note that the Colorado Rockies (in central Colorado) show up as more moist.  This is a false signal due to the fact that the elevations are mostly greater than 850mb.

23. ETA 700mb RH and wind forecasts; 12:00 UTC (8 June) – 00:00 UTC (9 June).  Toggle shows three forecast times.  As with 850mb forecast, 700mb is expected to dry – especially over western Colorado.

24. Surface observations from 13:00 – 19:00 UTC, 8 June 2002  At roughly 17:00 UTC, the first signs of mixing can be seen as the surface winds shift to the southwest, increase in speed and begin gusting.  The dewpoints in western Colorado (e.g., GJT – Grand Junction) begin decreasing at this time.  Note: fire was first reported by the public at 18:12 UTC.  7 toggles.
25. Topography over west-central Colorado with NLDN lightning from 3 June 2002 overlaid.  This unusual color table was designed to highlight some of the smaller canyons to the northwest of Grand Junction.  The storms touched off a small fire that smoldered for several days before blowing up into a large fire on 8 June when the strong winds mixed down.  4 toggles.
26. GOES-11, Channel 2 loop from 17:55 – 18:34 UTC showing the start of the Long Canyon fire.  Step slowly into the loop; frame-by-frame.  When can we first identify a darkened pixel northwest of Grand Junction?  The first darkened pixel shows up at 18:03 UTC (2nd frame).  The first public report was received at the Grand Junction dispatch office at 18:12 UTC (just after local noon).  The satellite time and the first public report are very close.  If this fire were in an area further from human activity, or at night, satellite might have been the first clue.  Note: Toggle slowly when pointing out to class.
27. Photo of the Long Canyon Fire.  Photo shows that the active fire front is much smaller than the larger burn area.  This can be an important point to remember, since the channel-2 pixel size is a 6 km by 3.5 km rectangle (at this latitude and longitude).  Notice the time is 4pm local time, or 22:00 UTC (see next slide).

28. GOES-11, channel 2 loop from 18:54 – 21:55 UTC showing start of Coal Seam Fire (first reported at 19:00 UTC), as well as a prescribed burn to its east.  As the fire’s name implies, this fire (just west of Glenwood Springs, CO) was started by an underground coal seam which had been burning since the mid-1970s.

29. GOES-11 water vapor imagery from 20:00 UTC (8 June) to 01:20 UTC (9 Jun), showing drying over most of southeast Colorado.  Small high-based thunderstorm can also be seen in southeastern Colorado.

30. Hayman Fire Introduction: GOES-11, Channel 2 loop from 23:07 – 02:50 (9 Jun).  Loop shows the initial appearance of the Hayman fire and tracks the other Colorado fires into the evening hours, when the cooling airmass and rising relative humidities suppress the fires.  Some in the firefighter community refer to this phenomenon as “laying down for the evening.”

31. GOES-11 visible image from 23:45 UTC, 8 June 2002.  Notice the small arrow pointing to a small, diffuse smoke plume from the newly-formed Hayman fire.  While the smoke is mostly obscured by the cumulus field, channel-2 picks up the fire through the Cu field.  This fire was first reported (by the person who started it) at 22:55 UTC, but no other reports were received over the next hour, because all campgrounds, wilderness areas, etc were closed due to the severe fire threat. 

32. GOES-11, Channel 2 image from 23:45 UTC, 8 June 2002 with labels indicating various large fires throughout the area including a new fire which has just cropped up – the Hayman fire.  This fire turned out to be the largest wildland fire in Colorado recorded history. 

33. Denver sounding from 12:00 UTC on 9 June 2002.  The central Colorado airmass has now dried out completely.  Note that the inversion is only 50mb deep, and that there are 20-25 kt winds just above it.  Mixing should bring these winds down to the surface by midday.  If the lapse rate remains dry adiabatic (as it was forecast to do), this will allow a deep layer of smoke – from the surface to around 20,000 feet.

34. ETA 850mb RH and wind forecasts; in 3-hr increments from 12:00 UTC (9 June) – 06:00 UTC (10 June).  Toggle shows seven forecast times.  The model predicts early drying over eastern half of Colorado.  RH runs between 5 – 10% throughout the evening hours.  Remember that the apparently higher relative humidities over the mountains are an artifact of the higher terrain. 

35. ETA 700mb RH and wind forecasts; 12:00 UTC (9 June) – 00:00 UTC (10 June).  Toggle shows three forecast times.  As with 850mb forecast, 700mb is expected to dry – especially over central and eastern Colorado.

36. Water vapor loop from 17:38 – 02:55 (10 June) UTC.  Notice that all but about  the northwestern one-third of the state has dried out completely in the mid- and upper-levels (remember the high tropospheric response curve).

37. GOES-11 visible satellite loop from 15:03 – 19:25 UTC.  The Hayman smoke plume grows slowly in size throughout the morning into early afternoon.  The lack of a convective appearance indicates that the plume was not all that intense during the period.  Notice that toward the end of the loop, a second point source appears.  A spot fire has ignited.  Thin smoke over the Denver metro area. 

38. GOES-11, Channel 2 loop from 14:03 – 20:39 UTC showing explosive growth of the Hayman fire.  We can see four fires in Colorado:  the Hayman Fire, the Coal Seam Fire, the Long Canyon Fire, and a new startup called the Dierich Fire.

39. Dual-image loop (Ch-2 top, Ch-4 bottom) from 19:55 – 23:34 UTC covering the beginning of the Missionary Ridge fire.  The fire was started by an electric cattle fence.  The fire can first be seen on satellite at 20:55 UTC, the first public report was at 20:32 UTC.  Note how difficult fires are to see on Channel 4.

40. Series of captures from a video of the Missionary Ridge fire on the afternoon of 17 June.  The “Show URL” button will take you to a web page where video clips are available.  Briefly, the slides show:  1) the fire burning in rich, dry fuels with smoke beginning to blow off toward the northeast as the 700mb winds mix down, 2) the winds intensity, and the fire suddenly becomes plume-dominant.  Smoke from all around the fire is pulled toward the fire storm, 3)  intense inflow on northeast flank of plume is drawn into the fire storm, 4)  1st tornado forms along interface between southwesterly winds in the dry lake bed, and the northeasterly winds from the air being drawn back toward the fire.  This phenomenon apparently happens frequently, but is seen here due to the ideal video location, 5) another shot of the shear-induced tornado.  This kind of thing can topple trees and spread fire far and wide, 6) a large rotating column of smoke (mesocyclone?) appears on the southwest flank of the fire’s updraft, 7) rotating column of smoke touches down and begins causing F0 – F1 damage.  Note the inflow band ahead of the mesocyclone.  Video loops show downward motion at this time on the south side of the rotating smoke.  The video also shows secondary fire vortices rotating within the mesocyclonic circulation, 8) a gustnado forms following a derecho that can be seen on the video as it moves north from the rear flank downdraft to the shear line, 9) Left van shows broken windows from F0 – F1 winds, right vehicle was caught by one of the embedded fire vortices.  Show URL available.

41. GOES-11 visible image from 23:39 UTC showing labeled smoke plumes.  Note that convection has developed over the Hayman fire textured-cumulus versus smoke, darker gray plume).  Note also the smoke plume has moved far north, into the Nebraska panhandle.  This aspect will be discussed in more detail a little later.

42. Photo of the Hayman fire smoke plume and pyro-cumulus towers from just north of the fire on the late afternoon of 09 June 2002.

43. GOES-11, Channel 4 loop from 19:55 – 03:15 UTC (10 June).  Loop shows that the temperatures of the top of the smoke plume.  The average temperature of the coldest part of the plume is approximately –20C which is around 450mb.  The sounding and infrared imagery taken together confirm the conclusions reached from the earlier sounding (i.e., the smoke from the Hayman fire is like to be relatively evenly mixed throughout the depth of the surface – 450mb layer).

44. KFDG, Denver, WSR-88D 0.5 degree base reflectivity with surfaces observations overlaid.  Loop runs from 22:45 – 01:52 UTC and shows the Hayman fire smoke plume.  Note that the echo intensity reaches 28 dBz at times which represents precipitation intensity reflectivity.

45.  Denver sounding from 00:00 UTC on 10 June 2002.  Notice that the sounding remains nearly dry adiabatic from the surface to around 450mb.  Winds just above the surface are south-southwest and strong.

46. GOES-11 visible loop from 22:07 – 00:05 (10 June) UTC showing the large Hayman smoke plume, with large pyro-cumulus towers above it.  Note the multiple point sources of smoke, each of which indicate separate burn areas.  The plume at this time is covering the Denver metro area.

47. Photos from the Colorado Department of Health and Environment web cam in downtown Denver.  Time series 7:06 am to 4:06 pm.  The images show the arrival of the dense smoke plume in the Denver metro area at around 3:00 p.m. MDT (15:00 UTC).  Ten toggles.

48. MODIS image from 18:29 UTC 9 June 2002 showing visible smoke plumes and outline of pixels where fire was detected.  Show URL available.

49. Example of fires in AZ, CA, UT, CO, and NM.  Notice that on this day, fires in CA, UT and NM seem to decrease in intensity, the fire in Arizona , meanwhile, experiences extremely rapid growth.  Data are from GOES-11.  Remember that GOES-11 wraps around to very cold temperatures at saturation and the pixel turns white.

50. Recall that different satellites saturate at different temperatures as shown.  It is also important to mention that temperatures above 327.5K (54.4C) displayed on AWIPS are set to saturation (black pixel) for every satellite, regardless of actual saturation temperature.  

51. Fires from GOES-8 over Florida with a linear color table.  Fires are a bit more difficult to spot since they remain black regardless of size or intensity.  

52. In order to have the same advantage on AWIPS that we’ve talked about in our examples (where GOES-11 saturated pixels turn white), an individual office can select a threshold temperature and utilize AWIPS to design a special fire detection color table.  We suggest beginning with 320K (47C) and experimenting with the threshold for your individual offices land characteristics.  Try to make sure that the ground temperatures don’t get hotter than 47C, or you could get false signals.  In such cases, you’ll need to raise the threshold.
53. Here is the same loop as shown in the previous slide, but with the wrap-around color table applied.
54. This slide introduces what is known as the WF_ABBA (Wild Fire _  Automated Biomass Burning Algorithm).  It is a product that is often more effective than Channel-2 alone in detecting wildland fires.  It is not available in as timely a fashion as the simple channel-2 data, but efforts are being made to improve that.    Originally developed for Polar Orbiting satellites (Matson and Dozier 1981), the product has since been adapted for use on the geostationary satellites (Prins and Menzel 1996).  Note: “processed” refers to a pixel which is partially filled with fire in this application.
55. Loop of WF_ABBA graphical output for 9 June 2002, 19:15 - 21:50 UTC using GOES-11 data.  Light green represents cropland, next darker green is grassland, next darker green is forest.   The legend describes the highlighted pixels.  At the heart of this product is the significant difference between temperatures on channel 2 versus 4 in pixels that have sub-pixel fires in progress.
56. NESDIS fire product web-page.  The information is updated 24/7 – including an “unbackgrounded” WF_ABBA.  NESDIS also has a trained satellite analyst who manually integrates data from various automated fire detection algorithms with GOES and POES images.  The result is a quality controlled display of the locations of fires and significant smoke plumes detected by satellite.  This product is more timely than WF_ABBA but less timely than channel 2 on AWIPS, and is meant for general guidance, strategic planning, and tactical decisions.  On-duty staff person 1 pm through 11 pm daily helps keep quality control timely during the afternoon and evening hours.  Toggle shows an example of the combined WF_ABBA/smoke product from 08 April 2003.  Red are active fires, white are large smoke plumes.

58. and 59. Conclusions.

E-mail from: Doug Boyette, at the Paducah, KY WFO

“Yet another field fire!  This one was a distinct two pixel hot spot quite visible on the 3.9 and 11-3.9 AWIPS imagery tonight 10/11 from 22Z-00Z. It was centered just south of Paducah, KY (PAH).  After seeing this, we (PAH) called the local Sheriff and inquired as to whether there were any fires burning just south of town.  The answer was yes, a controlled burn had just been put out.  When told we had seen it on satellite, the sheriff dispatcher was impressed!”  

