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USDA Forest Service Region 8 Air Program

SPOT WEATHER FORECASTS AND NIGHTTIME SMOKE DISPERSION
Purpose:   Based on case studies and discussions with burn managers and meteorologists, information is presented for prescribed burn bosses and agency administrators to consider when reviewing spot weather forecasts and estimating nighttime smoke dispersion.  Based on actual prescribed burns in the southeast U.S, two case studies are summarized at the end of the paper.  
The reader should note that recommendations that came from Case Study #1 already have been included in the R8 guidelines (mentioned below); these guidelines are currently being incorporated into burn plans.  This paper may serve as a refresher for understanding key components of a spot weather forecast, thereby increasing the effectiveness of smoke mitigation plans. 
Background:
Throughout the Southern Region of the Forest Service, prescribed fire managers have continued to strengthen their smoke management planning, including more in-depth smoke screening and smoke dispersion modeling.  Models such as VSMOKE GIS and HYSPLIT are now used by burn bosses to insure sensitive areas are not impacted by smoke.  Given the total number of burns implemented each year across the region, the occurrence of smoke related incidents is small.  However, when incidents occur, the impacts on public health (exceeding air quality standards) and safety (vehicle accidents and injuries) are often significant. 

Burn plans typically include well designed smoke management and mitigation measures for daytime dispersion, but sometimes do not recognize and prepare adequately for nighttime smoke problems.  After Action Reviews (AAR) indicate that prescribed fire managers and agency administrators are aware of potential nighttime smoke management issues.  However, burn plans sometimes fail to include mitigation for down-drainage movement of smoke across major highways or into communities. 
In 2008, Region 8 revised its supplement to FSM 5140 (http://fsweb.r8.fs.fed.us/fsrecords/directives/fsm/5100/5140.doc), including an update to its smoke management guidelines (http://fsweb.r8.fs.fed.us/spf/fire/documents/Smoke%20management%20guidebook_Final.pdf).  The R8 Smoke Management Guidelines reflect recommendations developed as part of smoke incident AARs completed over the past few years.  
Key Points to Consider:
1. Smoke management planning should begin with the premise that residual smoke will disperse “down-drainage” at night due to very stable meteorological conditions.  Conclusions that smoke will disperse differently during the night should be supported by detailed nighttime weather forecasts and smoke dispersion modeling.
2. We should request at least 2 spot weather forecasts on the day of the burn (refer to the R8 Smoke Management Guidelines):

· Early morning to confirm weather conditions and burn prescription are compatible

· Late afternoon/early evening to confirm nighttime smoke mitigation plans are adequate given predicted meteorological conditions.
· Request nighttime forecasts to be as specific as the daytime forecast.  The spot weather forecast prepared in the afternoon (Case Study #2) is a good example.
· Burn bosses should talk with their local National Weather Service (NWS) office to verify the details available in a nighttime spot weather forecast.  The NWS program may not be set to produce detailed tables beyond the first 12-hour period.
3. When reviewing spot weather forecasts, remember the following:

· Transport wind speeds are the average wind speed throughout the mixing layer.  Winds in the lower levels (surface or 20-foot winds) of the mixing layer will be slower than the average; winds in the upper layers will be higher.
· Burners should note that the commonly used algorithms in weather forecasting models may “over forecast” transport winds speeds (per discussion with NWS meteorologists). 
· Focusing on the transport wind speed and direction is not sufficient to predict nighttime smoke dispersion.
· We should consider the 20-foot (surface) wind speed predictions as well.  

· Remember, these are part of the average transport winds and would reflect wind speeds at heights where the nighttime smoke is.

· Observations indicate that the nighttime air mass is too stable to allow the smoke to lift, even where predicted nighttime transport winds may appear sufficient to move smoke.  There is insufficient heat release for the smoke to have ample buoyancy to reach a height where transport winds become effective at horizontal dispersion.  Refer to the photographs (Case Study #2).
· After Action Reviews have found that even where spot weather forecasts include predicted nighttime transport wind speeds at speeds greater than 5 miles per hour with mixing heights predicted at several hundred feet, the smoke actually dispersed down drainage in directions opposite the predicted wind directions.  In each case, the predicted 20-foot or surface winds were predicted to be at 0 to 1 mph during the early morning hours (2 am – 6 am).  
4. Vertical transport is controlled by the buoyancy of the smoke plume and stability of the atmosphere.  Horizontal transport is controlled by wind.  In a stable atmosphere, smoke emanating from relatively cool fires will stay near the ground. (Smoke Management Guide for Prescribed and Wildland fire: 2001 Edition).
· Research and experience show that under clear skies, nighttime conditions become very stable and smoke settles near the ground (tree top height and less).  Smoke movement is influenced by topography, flowing down drainage and/or into openings near the burn.  In the case studies presented below, the down-drainage movement of smoke was 0.5 to 2 miles.  There have been other cases where, under very light winds (0 to 1 mph), observations showed that smoke can easily “flow” 10 miles between sunset and sunrise (particularly in areas with steeper terrain).
5. When reviewing the spot weather forecasts, consider the “total package” of predicted conditions.  Clear skies, high relative humidity, low surface (20-foot) wind speeds, low mixing heights, and low Lavdas dispersion indices (LDSI) are indicators of a stable air mass.  Also, remember that a high LVORI (Low Visibility Occurrence Risk Index), which combines the dispersion index with relative humidity, is an indicator that nighttime visibility could be reduced significantly.
6. Our smoke management plans need to account for down-drainage flow of smoke and include mitigation measures to address reduced visibility on roadways that could result from this smoke.
· Burn plans that “implement mitigations if smoke is found on the highways” may result in actions taken too late to be effective at preventing accidents.  Necessary mitigations should be implemented prior to smoke being observed on the road.
· If down-drainage smoke has the potential to impact a community and pose health problems throughout the night and into the early morning hours, we should consider whether the burn should be implemented under a different prescription.

7. Questions have been raised regarding how far down-drainage a burn boss should consider for mitigation; concerns have been expressed about the logistics and costs of preparing mitigations for 10 miles or greater down-drainage.  
· The Region 8 Smoke Management Guidelines are not intended to require every burn plan to automatically mitigate for smoke at set distances down-drainage.  The intent is for the burn boss to understand the methodology for estimating the potential down-drainage impact area and make a determination (based on the specific topography, specific weather forecast, experience with burns in the area, etc) as to what mitigations should be implemented and where along the down-drainage pathway.  There may be instances (e.g., in flat to gentle terrain) where experience and observations indicate smoke might only move a couple of miles down-drainage.
Additional Points to Consider:  (based on discussions with a State Prescribed Fire Manager)

1. Follow State and Agency Requirements for Planning the Burn

a. Shortcuts (e.g., overlooking or disregarding a particular requirement) may increase liability in the event of a problem.

2. Consider how earlier weather may have affected fuel conditions and how this affects smoke production (daytime and nighttime).
3. Proximity to Major Highways may increase low visibility risks.

a. Remember, smoke can travel several miles during the evening hours.

4. Contingency Planning:  If the weather changes (different humidity, stronger winds, different wind direction) - do mitigation needs change?

5. What fuel conditions are present (inside and outside unit) – how will these influence spot fires, control efforts, and smoke production?

6. What fuel moisture conditions are we dealing with (inside and outside the unit)

a. Importance increases with low lying/wet areas and high relative humidity

7. Where will the smoke travel under stable conditions (night)?
a. Are necessary mitigation measures planned and in place?
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Case Study #1:
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The prescribed burn is located in the coastal plain of the southeast U.S. on flat to gently rolling terrain.  The unit is bounded by local graveled roads on the north, west, and south boundaries.  A major state highway parallels the unit less than one mile to the east.  Two streams drain the unit towards the east, crossing under the state highway. The unit prescription called for aerial ignition of 2000 acres with a NE or E wind.  Smoke screening and management were based on the daytime dispersion; no nighttime smoke screening was completed for the plan.  The spot weather forecast for the project (see below) was obtained that morning at 0855.  Ignition began at 1000 and stopped at 1800.  Smoke dispersed as planned to the west and southwest away from the state highway and several residences along that highway.  The unit was monitored until 2045; residual smoke was continuing to disperse to the west/southwest.  Smoke signs and patrols were focused on the local roads to the west and southwest of the unit.  Based on the weather forecast and the observations made throughout the day, no problems were anticipated along the state highway.  Smoke was expected to disperse away from the state highway throughout the night.  There were no warning signs placed on the state highway; there were no overnight patrols of roads in the area. 
During the early morning hours of the next day (between 0400 and 0600), a quarter-mile section of the state highway (where the small streams crossed the right-of-way) had visibility reduced to less than 10 feet.  Several vehicles were involved in “fender-benders;” no serious injuries occurred.  People (including law enforcement) indicated that both fog and smoke were present at the location of the accident.  It should be noted that several individuals also reported visibility was reduced to 10 feet or less in low areas along the state highway for several miles in both directions, indicating the presence of dense fog in the area.
	Spot Weather Forecast     April 15, 2008       855 CDT
Discussion…..High Pressure…..Building Eastward Across The Southern States…..Maintains The Dry Airmass And Godd Dispersions Today Through Wednesday.  The High Moves Into The Southeast United States Allowing For Winds To Come Around From The South And Southeast.  The Result Will Be A Moderation In Daytime Humidity.  The Next Chance Of Rain Comes Friday As A Front Approaches From The West.
..TODAY…..
TIME (CDT)
8 AM
10 AM
NOON
2 PM
4 PM
6 PM
SKY (%)  
5
5
5 
0
0
0
TEMP
40
53
59
64
65
61 

RH
60
43
33
27
26
33
20 FT WIND DIR
E
NE
NE
NE
NE
NE
20 FT WIN SPD
4
6
7
7
6
5
20 FT WIND GUST
5
10
15
15
15
10
MIX HT (FT)
1400
3300
5200
5900
5200
4600
MIX HT (M)
430
1010
1580
1800
1580
1400
TRANSPORT WIND
N 9
N 10
NE 12
NE 12
NE 9
NE 7
TRAN WIND (M/S)
N 4
N 4
NE 5
NE 5
NE 4
NE 3
DISPERSION (LDSI) 
16
44
52
51
55
36

…TONIGHT…
SKY/WEATHER………….CLEAR (0-5 PERCENT).

MIN TEMPERATURE……AROUND 36

MAX HUMIDITY……..…AROUND 85 PERCENT

20-FOOT WINDS…………NE WINDS 5 TO 6 MPH EARLY IN THE EVENING…..BECOMING LIGHT

MIXING HEIGHT…………4600 FT AGL DECREASING TO 100 FT AGL

TRANSPORT WINDS……EAST 3 TO 7 MPH.

LDSI………………………36 DECREASING TO 3.
WEDNESDAY…..

SKY/WEATHER…………SUNNY (0-10 PERCENT).

MAX TEMPERATURE…AROUND 73

MIN HUMIDITY….……..38 PERCENT

20-FOOT WINDS………..LIGHT WINDS BECOMING SE 6 TO 9 MPH IN THE LATE MORNING AND EARLY AFTERNOON.  THEN INCREASING TO 9 TO 10 MPH EARLY IN THE AFTERNOON. 

MIXING HEIGHT……….100 FT AGL INCREASING TO 2000 FT AGL

TRANSPORT WINDS……EAST 4 TO 8 MPH INCREASING TO SOUTHEAST 15 TO 16 MPH..

LDSI……………………...5 INCREASING TO 67 BY AFTERNOON.


What We Learned From Case Study #1:
· The burn boss was concerned with smoke dispersion and carefully planned and monitored the burn implementation to ensure smoke dispersed away from the state highway.

· Weather was carefully monitored during the burn.

· The spot weather forecast was reviewed prior to making the determination about nighttime smoke mitigation measures.  Observations throughout the day and as late as 2045 along with the brief nighttime spot weather forecast (NE and E wind direction) may have resulted in the conclusion to focus smoke mitigation measures (warning signs and patrols) to the west/southwest and not along the state highway.

· Regarding the spot weather forecast (above):

· One forecast was obtained in the early morning of the burn.  

· Obtaining a second spot weather forecast in the late afternoon/early evening would be valuable to get a more accurate estimate of nighttime meteorological conditions.
· The nighttime forecast was not very detailed. 
· Requesting that the evening forecast contain details similar to the daytime forecast would aid the burn boss in evaluating whether additional mitigation measures might be needed for nighttime smoke dispersion.
· Even though the evening forecast was not very detailed, the prediction was that 20-foot winds would become light and transport winds would decrease to 3 mph.  Under these predicted low wind speeds, wind direction should not be counted on to represent the direction of smoke movement.  The predicted 100-foot AGL (above ground level) mixing height, the forecast dispersion index (LDSI) of 3, and the low wind speeds are indicators of very stable conditions.  Smoke would be expected to disperse down the drainages under these conditions.  
· Nighttime smoke screening should be completed during burn planning to estimate what highways or other sensitive areas might be impacted by nighttime smoke dispersal under stable meteorological conditions.

· If the screening indicates potential for impacting a highway or other sensitive area, the burn boss should re-evaluate the smoke management plan and adjust mitigation measures to reduce impacts to the highway or sensitive area. 
=====================================================================
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Case Study #2:
The prescribed burn is located in the coastal plain of the southeast U.S. on flat to gently rolling terrain.  There are several local and county roads in the area immediately west and south of the unit.  A major 4-lane highway parallels the unit about 2 miles to the east.  A large creek drains the unit towards the east, crossing under the 4-lane highway. The unit prescription called for aerial ignition of 900 acres with a NE or E wind.  The VSMOKE-GIS and HYSPLIT dispersion models were used to verify dispersion directions and projected PM2.5 concentration levels.  Smoke screening and management were based on the daytime dispersion; nighttime smoke screening was not completed for the plan.  A decision was made to focus all warning signs to the west and southwest sides of the burn.  No mitigation was planned for the 4-lane highway.  

Two spot weather forecasts for the project (see below) were obtained: at 0858 and 1512 hours.  In accordance with the R8 Smoke Management Guidelines, the intent of the latter forecast was to get updated estimates of the nighttime meteorological conditions.  Ignition began at 1000 and stopped at 1400; burning was complete at 1530 hours.  Smoke dispersed as planned to the west and southwest away from the 4-lane highway.  Aerial recon of the unit was completed at 1500 and 1800 hours.  On-the-ground recon was completed at 1900 hours.  Smoke (from smoldering) was continuing to disperse to the west/southwest.  

The smoke management plan called for signs to be placed on roads downwind of the burn (west and southwest of the unit).  Nighttime patrol of area roads by USFS Law Enforcement was also implemented per the plan.  No signs or other mitigation measures were provided along the 4-lane highway due to the distance from the burn and the expectation that smoke would disperse away from that highway based on the 2 spot weather forecasts.  
During the early morning hours of the next day (between 0400 and 0600), a quarter-mile section of the 4-lane highway (near the creek crossing) had visibility reduced to approximately 3 or 4 car lengths due to smoke accumulation on the highway.  There were no reports of fog in the area.  Law enforcement indicated that vehicles could safely travel through the affected area if caution and reduced speed were used.  However, for some unknown reason, a couple of vehicles stopped in the middle of the travel lanes, causing another vehicle to stop.  This latter vehicle was rear-ended by a fourth vehicle.  
SPOT WEATHER FORECAST    MARCH 20, 2009     858 CDT

Discussion…..Cooler And Drier Air Will Prevail Today In The Wake Of Thursday’s Cold Front.  Afternoon Minimum Relative Humidities Will Dip To Around 25-30 Percent.  High Pressure Centered To Our Northeast Will Shift Southeast Through Saturday Helping To Keep Dry Weather In Place Over The Area Along With Below Normal Temperatures. Low Fog Potential Is Expected Again Saturday Morning.  It Will Take Until Monday Afternoon Before Enough Moisture And The Change Of Rain Returns To The Region.
… TODAY…

TIME (CDT)
9 AM
11 AM
1 PM
3 PM
5 PM

SKY (%)
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

TEMP
63
71
73
74
73

RH
55
37
30
28
29

20 FT WIND DIR
NE
NE
NE
NE
NE

20 FT WIN SPD
7
9
9
9
8

20 FT WIND GUST
10
10
10
15
10

MIX HT (FT)
2000
4000
5100
5500
5100

MIX HT (M)
610
1220
1550
1680
1560

TRANSPORT WIND
NE 14
NE 14
NE 14
NE 13
NE 13

TRAN WIND (M/S)
NE 6
NE 6
NE 6
NE 6
NE 6
… TONIGHT…

TIME (CDT)
6 PM
8 PM
10 PM
MIDNT 
2 AM 

SKY (%)
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

TEMP
72
65
61
58
55

RH
29
43
60
63
68

20 FT WIND DIR
NE
NE
N
N
N

20 FT WIN SPD
6
3
2
1
1

20 FT WIND GUST
10
5
 
 
 

MIX HT (FT)
4500
2700
700
900
1000

MIX HT (M)
1370
820
210
270
300

TRANSPORT WIND
NE 13
NE 14
NE 15
NE 12
E 8

TRAN WIND (M/S)
NE 6
NE 6
NE 7
NE 5
E 4
…SATURDAY…

TIME (CDT)
4 AM
6 AM
9 AM
NOON
3 PM

SKY (%)
CLEAR
CLEAR
CLEAR
MCLR
MCLR

TEMP
52
49
53
65
72

RH
74
81
77
52
40

20 FT WIND DIR
NE
NE
E
E
E

20 FT WIN SPD
0
0
3
6
6

20 FT WIND GUST
 
 
5
10
10

MIX HT (FT)
400
200
1500
4700
6200

MIX HT (M)
120
60
460
1430
1890

TRANSPORT WIND
E 7
NE 6 
E 10
E 10
SE 8

TRAN WIND (M/S)
E 3
NE 3
E 4
E 4 
SE 4
SPOT WEATHER FORECAST    MARCH 20, 2009     1552 CDT

Discussion….Given The Very Dry Air In Place….Do Not Expect Fog Formation.  

High Pressure Will Keep Light Northeast To East Flow Across The Area Through Tomorrow.

….TONIGHT….

TIME (CDT)
6 PM
8 PM
10 PM
MIDNGT
2 AM

SKY (%)
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

TEMP
72
62
55
51
48

RH
29
49
73
85
91

20 FT WIND DIR
NE
NE
N
N
N

20 FT WIN SPD
6
3
2
1
1

20 FT WIND GUST
10
5
5
 
 

MIX HT (FT)
BLW100
1600
900
700
600

MIX HT (M)
BLW10
490
270
210
180

TRANSPORT WIND
N 0
NE 14
NE 15
NE 12
NE 9

TRAN WIND (M/S)
N 0
NE 6
NE 7
NE 5
NE 4
….SATURDAY….

TIME (CDT)
4 AM
6 AM
8 AM
10 AM
NOON

SKY (%)
CLEAR
CLEAR
CLEAR
MCLR
MCLR

TEMP
47
45
50
59
67

RH
92
93
82
63
47

20 FT WIND DIR
NE
NE
NE
E
E

20 FT WIN SPD
0
0
1
5
6

20 FT WIND GUST
 
 
 
10
10

MIX HT (FT)
500
400
900
2500
3600

MIX HT (M)
150
120
270
760
1100

TRANSPORT WIND
NE 9
NE 6
E 7
E 12
E 9

TRAN WIND (M/S)
NE 4
NE 3
E 3
E 5
E 4
What We Learned From Case Study #2:
· The burn boss was concerned with smoke dispersion and carefully planned and monitored the burn implementation to insure smoke dispersed away from the 4-lane highway.

· Smoke dispersion models were used to aid in determining where daytime smoke dispersion would occur and what types of mitigation measures would be necessary.

· Weather was carefully monitored during the burn.

· The spot weather forecasts were a key part of the process for determining nighttime smoke mitigation measures.  Observations throughout the day and as late as 1900 showed the smoke continuing to move to the west/southwest.  Mitigations (warning signs and patrols) were focused in that area downwind of the burn.  The decision was made that no warning signs would be needed along the 4-lane highway.

· Regarding the spot weather forecasts (above):

· The burn boss obtained 2 spot weather forecasts (morning and afternoon) to have more up-to-date information about meteorological conditions through the night. 

· The spot weather forecasts included sufficient detail about the nighttime and next day conditions.
· In both forecasts, mixing heights were predicted to decrease to 200 to 400 feet around 0600.  Nighttime transport winds were forecast to be NE and E, ranging from 6 to 9 mph.
· The prediction was that 20-foot winds would decrease to zero from 0400 through 0600 the next morning.  Along with the low mixing height, these are indicators of very stable conditions.  Smoke should have been expected to disperse down drainage under these conditions.

· The photos taken early the next morning (see below) confirm that the smoke settled and moved down drainage (eastward) during stable nighttime conditions.

· Nighttime smoke screening should be completed during burn planning to estimate what highways or other sensitive areas might be impacted by nighttime smoke dispersal under stable meteorological conditions.

· [image: image3.png]


If the screening indicates potential for impacting a highway or other sensitive area, the burn boss should re-evaluate the smoke management plan and adjust mitigation measures to reduce impacts to the highway or sensitive area. 
Photo point is south of the burn unit looking north across the burn unit; taken between 8:30 and 9:00 am. Burn unit is “under” the smoke in the middle to right of the photo.  Smoke appears to be gaining some lift (mixing height is increasing) and beginning to be carried by winds to the southwest.





Photo point west of burn unit looking east at 8:35 a.m. on the morning after the burn.  Road on right side of photo is a local county road.  The heavy/dense smoke in upper left is an open field. Four-lane highway runs left to right (top of photo on the other side of the open field / dense smoke).
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