North Fork Fire Long-Term Assessment
19 August 2008
Summary

· The summer has been warmer and drier than average since the second week of July and ERC exceeded the 97th percentile on August 14-15.

· In years with similar ERC trends as 2008, the fire season could end relatively early with a series of wet cold fronts in September or could end late if conditions return to warmer than average and dry.

· Grandad and Toketee RAWS are sheltered from east winds and Mount Stella RAWS is semi-sheltered.

· The fire area is semi-sheltered from east winds, except right at the main ridgetop between the South and North Forks of Cedar Creek, but fully exposed to strong postfrontal winds.
· If strong high pressure reestablishes in the fire area, expect to see at least one multi-day event with high temperatures and low relative humidity that could trigger a large fire growth event.

· The third week of August often experiences a 1-3 day fire slowing event, which likely has already occurred.

· September could see two fire slowing events with a 1-3 day fire slowing event around mid-September and a 3-6 day slow event in late September.  October typically experiences numerous events.

· Between August 18 and September 15, the hours of daylight will decrease by 80 minutes with a faster rate of decline in the time of sunset than sunrise, and the maximum sun angle at noon will decrease by 10 degrees.

· Fire season end is most likely to occur between September 26 and October 14.  General seasonal trend in the weather suggests an earlier end to fire season is more likely than a later end.

· Minimum travel time analyses suggest the risk of fire escape is greater in the South Fork Cedar Creek than in the North Fork, although that portion of the line closest to the North Fork Cedar Creek could also result in an escape under strong prefrontal winds.
Seasonal Trends

Seasonal trends for the fire area are based on weather observations from Grandad Remote Automated Weather Station (Grandad RAWS) with additional precipitation data from the National Weather Service cooperator station in Idleyld, OR.  Globally, weather patterns changed in the mid-1970s, bringing a general warming and drying trend to the climate of the western United States.  By the mid-1980s, these changes began to manifest in the western fire seasons.  In order to analyze probabilities of large fire growth events and fire slowing events and the probable timing of season end, the analysis period used was 1988 to the present.  This period provides 20 years of historical data.  I also based the analysis of seasonal trends on fuel model G and the energy release component (ERC); Long-Term Analysts consider this fuel model and fire danger index the most appropriate measures of seasonal dryness.
At Grandad RAWS, fire danger typically peaks in early to mid-August, declines very slowing into mid-September after which it takes a sharp drop.  It recovers from this decline in late September, then begins declining rapidly through October (figure 1).  The daily maximum follows a similar pattern, although the absolute maximum occurred in late July.

The 2008 fire season ERC has trended above average since the second week of July, running near to slightly over the 90th percentile value (59) since about the third week of July (figure 1).  On August 14 and 15, the ERC value exceeded the 97th percentile (67).  Although a change in the weather pushed the ERC value down, as of August 17, it remained above the 90th percentile.  Other supporting evidence that present conditions are drier than average include an abnormally dry rating for southwest Oregon in the latest Drought Monitor (August 12) and below-average discharge levels on Steamboat Creek since mid-July.  However, as of August 7, drought conditions were not expected to develop in southwest Oregon.
Although August 17-19 has been cool and moist with some precipitation, the fire area is expected to begin warming and drying by August 21.  The August 24-28 period in southwest Oregon is expected to be warmer than average with near normal precipitation while the August 26-September 1 period is expected to see average temperatures but below average precipitation.  The August through September period was expected to be cooler and drier than average across southwest Oregon.
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Figure 1.  Conditions definitely became warmer and drier than average after mid-July and continue to persist despite occasional moisture moving through the area.
Given the uncertainty with both the short- and long-range forecasts, I compared the 2008 ERC trend to previous years to examine potential seasonal outcomes from mid-August through October.  Six previous years – 1988, 1990, 1996, 2002, 2004 and 2006 – began with similar patterns from late June to mid-August.  All had different outcomes to the season, but the 2004 and 2006 seasons seem to bracket the possibilities.  In 2004, the weather turned cooler and moister in the third week of August, dropping ERC below seasonal averages and remaining there (figure 2).  In 2006, the ERC values peaked in early September with the maximum ERC for the date set September 6-12.  A cooler and wetter period immediately followed, dropping ERC to below seasonal averages September 14-24, but conditions turned warmer and drier after that, remaining above seasonal averages until the season end in mid-October (figure 2).
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Figure 2.  The 2004 fire season ended with a switch to cooler, moister conditions in the third week of August, while the 2006 fire season continued hot and dry until mid-September with a late end to the season.

Large Fire Growth Events

Three events are most commonly associated with a large fire growth event, here defined as over 500 acres of growth in a single burning period on a small to medium sized fire (<10 to 500 acres) and over 1000 acres on any sized fire in a single burning period.  These are a day of high winds associated with either a dry cold front passage or an east wind event, a day with very high temperature and low relative humidity, or a day with a high Haines Index.
Winds

Grandad and Toketee RAWS are both sheltered from east winds and Mount Stella appears to be semi-sheltered.  Therefore, I was unable to assess directly the probability, timing, and potential strength of any east wind events.  Grandad does appear to pick up potential dry cold front passage with strong southwesterly winds (table 1).  The strongest winds in the remainder of August and in September are southwesterly, usually the strongest winds associated with a cold front.  October winds also show evidence of relatively strong southwesterly winds, however, precipitation records indicate October cold fronts tend to be wet.
Table 1.  Percentage of 20-foot, 10-minute average wind speeds for assumed burning periods in the remainder of August and in September and October.

	
	August 18-31
(1000-2200)
	September 1-30
(1000-2100)
	October 1-31
(1000-2000)

	Calm
	34.3%
	37.7%
	43.0%

	1.3-5 mph
	42.9%
	42.2%
	38.0%

	5-10 mph
	20.9%
	18.7%
	16.5%

	10-15 mph
	1.6%
	1.2%
	2.0%

	15-20 mph
	---
	0.1%
	0.3%

	20-25 mph
	---
	---
	0.1%

	Gusts >15 mph
	2.6%
	2.5%
	4.7%


Gusty winds are also the more problematic winds, contributing more towards erratic fire behavior, such as torching, spotting and the initiation of crown fires, than steady winds.  The 10-minute average wind speed can contain significant gusts several miles per hour faster than the 10-minute average.  In the remainder of August, the maximum reported gusts are in the 25-30 mph category.  In September, the maximum gusts fall into the 30-35 mph category and in October over 40 mph category.
Since I could not directly assess east wind events, I ran a beta test version of a gridded wind utility known as WindNinja, developed by the Missoula Fire Sciences Laboratory.  I used a base wind speed of 45 mph to represent an extreme event and to illustrate better the effects of terrain on wind speed and direction.  The ridge between the North and South Forks of Cedar Creek, where the fire is currently burning, is somewhat sheltered from the east winds by the ridge just to the east of the confluence of these two streams (figure 3).  Winds are accelerated above 45 mph along the east exposures of the higher knobs, but reduced behind the larger spur ridges and along the stream bottoms.  Wind direction remains easterly, however.
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Figure 3.
Based on these results, I also conducted the same type of analysis in WindNinja using a variety of other winds.  Of most potential interest are the southwest and northwest winds associated with dry cold front passage.  Under strong southwest winds, the winds are accelerated across the main ridgetop but decelerated and deflected downstream in the stream bottoms in the fire area.  In order for the fire to spot beyond the current control lines and reestablish to the north, embers would have to carry approximately 0.5 miles or further and land in receptive fuels (figure 4).
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Figure 4.

North and South Fork Cedar Creeks are more aligned with the northwesterly winds that typically follow behind the main front.  Winds would still be strongest along the main ridge, but less deceleration and deflection would occur along the stream bottoms (figure 5).  Should the fire become active along the southeasterly edge, short-range spotting into receptive fuels could renew fire stream downstream towards Steamboat Creek.  Near the confluence of Cedar and Steamboat Creeks, the terrain becomes more sheltered from the northwest winds.

[image: image6.png]A A S |

Y LRI e BN

& oaad)
e 2%
S
JIET |
PR R

s " 22
g i
a0 et

LB 22 27
.

' o
;
w&&“ ;

32.00 - 38.93
0.00. -~ 31.99

—> 39,00 -="45.99

PR A e
PR AR AR A
PRP7 T A

[k 5 A
ZEAR TR
12072
TR AN,
RR2FAApp S
P A
PEI
il
2rnains
2R
200 50
2855755
222008
il
Ay
alp
o
A

P
2272 50
LEET A
LAPAAAADA 2
x\.&.&\d\\.y\
L T
2L R
TR
7 e WAA2E
AW
A AR
N8 mara
LR P 5
L Ry oY
AFREs LT
Y
S07R S Gany
x~xL\\\x““w
» A AL
1200 S BEGGN0
o ARG A A
220 22p A
27 2020
AN R

»





Figure 5.
Hot, Dry Conditions

Another potential driver of large fire growth events are simply very hot and dry conditions.  The combination of maximum temperature equal to or greater than the 90th percentile and minimum relative humidity less than or equal to the 10th percentile have provided a reasonable indication of this potential.  At Grandad RAWS, the 90th percentile maximum temperature equals 94°F and the 10th percentile minimum relative humidity is 14%.  Over the entire August 18-October 31 period, there is a 2.7% chance of this combination.  This combination does not occur in October.  The remainder of August has a 4.3% chance of this combination while September has a 4.7% chance.  Most events recorded were of two or more days in duration, suggesting the presence of a relatively strong high pressure system.  Events that occur in the same year in both August and September tend to be a multiple day period from the end of August into early September.  The extreme event in the record examined was 106°F and 6% relative humidity on September 2-3, 2003.
Unstable Atmosphere

A dry, unstable atmosphere is associated with the development of plume-dominated fires.  The Haines Index indicates how dry and unstable the atmosphere is, by rating atmospheric dryness between 1 and 3 and atmospheric instability between 1 and 3.  A Haines Index of 2 indicates moist, stable conditions, while a Haines Index 6 indicates very dry and unstable conditions.  Large fire growth events are possible under a Haines Index 5 (either moderately unstable and dry or moderately dry and unstable atmosphere) and under a Haines Index 6.  I was unable to evaluate the Haines climatology as that particular website was down and did not come back up during time I conducted this assessment.

Fire Slowing Events

Fire slowing events are typically precipitation events that greatly slow or temporarily halt fire spread but are not sufficient to put the fire out.  After a few days of drying conditions, fire spread resumes.  The very large conifers with dense canopies dominate the older forests on this part of the Umpqua National Forests and in much of the fire area.  Generally a rain event must exceed 0.5 inches in order to penetrate the canopy and reach surface fuels.  Additional rain is required to thoroughly wet up the thick duff and large fuels that lie under these older forests.  According to local experts, a rain event of 0.5-0.75 inches will slow or temporarily halt fire spread for 1-3 days and a rain event of 0.75-1 inch will slow fire spread for 3-6 days.
I used the event locator in Fire Family Plus 4 beta 3 to extract single-day rain events of the two sizes listed above.  The remainder of August has only a 1% chance of the smaller rain event and 1.4% chance of the larger event.  September has a 1.2% chance of both the smaller and larger event.  October has a 3.2% chance of the smaller event and 1.9% chance of the larger.  These probabilities may well be somewhat larger if a multi-day event were assessed.  The current weather and fire behavior also suggest that a multi-day event of less than 0.5 inches also will slow or temporarily halt fire spread, likely due to multiple days of lower temperatures and higher humidity along with some moisture.  It’s less clear how long the effects of such an event will persist before fire spread resumes.
I also examined precipitation probabilities for nearby communities through the Western Regional Climate Center.  Idleyld is the closest community to the fire area with a National Weather Service cooperator station.  The precipitation probabilities suggest that one event can occur around the third week of August and that two events can occur in September with one in mid-September and one in late September (figure 5).  The chance of precipitation events increases rapidly in October.  More than likely, the current precipitation event is the same probability spike noted in August for Idleyld.  Precipitation amount and timing indicate the mid-September event is more likely to be the smaller event and the late September event the larger rain event.
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Figure 5.  Historical precipitation records from Idleyld suggest one precipitation event in August and two in September.
Fire spread after rain events in mid-September and later is less likely to resume due to the differences changing sun angle and day length make in fuel drying.  Fuels on the lower one-third of the slope in narrower drainages and on northerly aspects are less likely to receive sufficient drying before the season end.  Between August 18 and August 31, the amount of sunlight decreases by 2.57 minutes per day.  Through September, it decreases by 2.9 minutes per day.  More of the decrease occurs in the timing of sunset, further limiting the potential daytime heating.  By mid-September, the amount of sunlight will have decreased by 80 minutes.  In addition, the maximum angle of the sun decreases by slightly more than 10° at mid-day.  In combination, these factors combined with the dense forest canopy limit how much radiant heating the surface fuels could receive.
Season End

Of concern to fire managers every year is an estimate on when the fire season will end.  Season end does not necessarily refer to the end of all fires, but the likely end of large fires and large growth events.  While a precipitation event has been frequently used in the past, most Long-Term Analysts have found that a precipitation event is not a reliable indicator.  In some cases, the effects of changing sun angle, day length, maximum temperatures and minimum relative humidity brings and effective end to the main fire season.  On other cases, a precipitation event may be associated with season end, but there is no consistency in the size of the event, making it difficult to identify with any certainty.
There are two paradigms used to identify season end, both using large fire start dates to do so.  For individual RAWS, season end is now frequently defined as the point at which ERC drops below a critical percentile and does not recover.  The critical percentile is defined as one where large fire starts rarely occur, most often the 75th or 70th percentile.  For Grandad RAWS, the critical percentile is the 70th (44).  For Predictive Services Areas, season end is defined more directly as that point in the season when the 7-day large fire potential is dominated by “green” days (<1% chance of a significant fire) interspersed with an occasional “yellow” day (3-5% chance of a significant fire) after mid-summer.  This version of season end is new and, so far, found only in the Northwest geographic area.
After selecting the 70th percentile ERC, I checked large fire start dates relative to that value for each year analyzed and found no large fire starts after the ERC dropped below the 70th percentile in fall and did not recover.  I then determined the date at which ERC dropped below the 70th percentile and entered these dates into the Term module of RERAP 7 (figure 6).
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Figure 6.  The median season end date is September 28 and the 90th percentile date is October 14.
Predictive Services at the Northwest Coordination Center has developed estimations of season end based on the 7-day fire potential for a given PSA.  Since season end is driven by larger-scale weather phenomenon, it seems reasonable that season end would occur over a much larger area than just that covered by an individual RAWS.  The median season end date using that method in September 26 (two days earlier than using ERC at Grandad RAWS) and the 90th percentile date is October 3, nearly 12 days earlier.  One possible reason for this difference is that the ERC data encompass 20 years (1988-2007) whereas the 7-Day Fire Potential product has existed only since 1994.  Another reason may be the locations of the RAWS used to develop the 7-day product for PSA W4.  Regardless, the 7-day potential based product could be considered the equivalent of the optimistic scenario whereby the season end occurs sooner, while the ERC-based could be considered the equivalent of the pessimistic scenario whereby the season end occurs later.
Minimum Travel Time

The Minimum Travel Time (MTT) tool in FlamMap provides a quick method for determining potential weak spots in the fireline or the fastest potential route that a fire may take in a given direction under specified winds.  It uses the same types of landscape, weather and wind files as FARSITE, but does not allow use of fire barriers.  In this assessment, I used MTT to determine potential vulnerabilities to east winds and the prefrontal and postfrontal winds from a dry cold front should fire activity elsewhere in the geographic area or national result in general demobilization of the North Fork Fire before full containment had been achieved.
I used the landscape file already created for previous FSPro runs, although I did clip this landscape file to a smaller area.  This landscape had already been modified to increase the amount of fuel model 165, in order to better represent the fire potential associated with the old forests that dominate the general area.  Fuel model 165 (very high load dry climate timber shrub) produces a lower rate-of-spread but higher flame length than the more traditional fuel model 10.  The riparian stands were left as fuel model 161(low load dry climate timber-grass-shrub), which produces a lower rate-of-spread but higher flame length than a fuel model 8.  Plantations were poorly represented in the landscape file relative to their actual occurrence with some included in fuel model 165 and others modeled wholly or in part as fuel model 122 (moderate load dry climate grass-shrub).  Fire behavior in young plantations tends to resemble a shrub model more than a timber model.

After consulting with Francis Mohr, the Fire Behavior Analyst, I used the same fuel moistures in all three scenarios:
· 1-hour fuels – 5%

· 10-hour fuels – 7%

· 100-hour fuels – 9%

· Live herbaceous fuels – 50%

· Live woody fuels – 100%.

I created gridded wind files using the WindNinja and the elevation data from the landscape file.  All winds were modeled with a 45 mph 20-foot wind.  Gridded winds better take into account terrain influences on wind speed and direction than using standard winds.  I created ignition files based on key portions of the fire edge where I believed an escape was most likely for a given wind direction.  These fires were spread for 600 minutes in order to generate major flow paths indicative of potential fire spread direction and potential weak points of the fireline.

East Winds
For the east wind scenario, the ignition consisted of the western edge of the fire.  This scenario indicated that the fire could escape from anyway along this line (figure 7).  Fire spread rates seem to be fastest on the lower third of the slope on the north side of South Fork Cedar Creek, in large part due to the longer fetch before ridgetop winds constrain fire spread to the north.  However, if the fire spots across the South Fork, fire spread is rapid as well with wind accelerating as the fire moves closer to the ridgetop and the headwaters of North Fork Chilcoot Creek.
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Figure 7.  Under a strong east wind, the fire tends to stay within the South Fork Cedar Creek drainage until it reaches the headwall, where it begins moving down the next drainage to the west.

Prefrontal Winds

For the winds ahead of a dry cold front passage, the ignition consisted of the northern part of the fireline in the North Fork Cedar Creek.  This scenario indicated that the portion of the line closest to North Fork Cedar Creek would most likely result in an escape (figure 8).  Once established across the North Fork, the fire would tend to move with the winds up the ridge and into Longs Creek to the north.  The general direction of spread would be towards Steamboat Creek near it’s confluence with Long Creek or possibly further north.  If the fire were to escape higher up the hill in North Fork Cedar Creek, it appears to take longer to get across the stream and establish on the other side.  The minor spread pathways indicate turbulence and some sheltering from the wind work to slow fire spread potential.
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Figure 8.  The portion of the fireline closest to North Fork Cedar Creek results in the most rapid spread to the north and towards Steamboat Creek.  Spread to the south does not represent any real potential as that area is already burned.
Postfrontal Winds

For the postfrontal winds behind the main cold front, the ignition consisted of the eastern portion of the fireline, including a section up the South Fork Cedar Creek where the fire had already established across the stream.  This scenario indicated that the portion of the fire in the South Fork Cedar Creek was more likely to produce an escape than the portion in the North Fork, except right at the confluence of the two streams.  Fire spread is more cross-slope and uphill than directly down Cedar Creek except where it establishes on the north side of the stream.
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Figure 9.  Under strong postfrontal winds, the fire has a stronger tendency to move cross-slope up the side drainages than down Cedar Creek towards Steamboat Creek.  Fire spread to the west should be ignored as that area has already burned.
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