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Figure 1. Study area in and around Bend, OR, showing locations of co-located smoke and meteorological monitors (smoke icon), weather stations only (cloud icon), prescribed fires (fire icon) and fuel sampling sites (log icon).
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Figure 2. Mean number of days weather conditions are within prescription, by month, 2006 - 2015 for Lava Butte, Round Mountain, and Tumalo Ridge RAWS sites. The whiskers represent the maximum for each month over the 10-year period. The box encompasses months when data are complete.
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Figure 3a. Meteorological and smoke measurement locations and burn locations for the May 4-6, 2015 smoke intrusion period. Yellow markers depict meteorological monitors, blue markers depict smoke and meteorological monitors, and red icons show the fire locations. 
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Figure 3b. Meteorological and smoke measurement locations and burn locations for the May 28, 2015 smoke intrusion. Markers are the same as in Figure 3a.
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Figure 3c. Meteorological and smoke measurement locations and burn locations for the June 5-6, 2015 smoke intrusion. Markers are the same as in Figure 3a.
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Figure 3d. Meteorological and smoke measurement locations and burn locations for the October 4-5, 2014 smoke intrusion. Markers are the same as in Figure 3a.
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Figure 4. Measured and modeled wind direction and wind speed at Cascade Middle School for May 4-6, 2015. Red lines indicate burn ignition times and gray-shaded areas indicate the smoke intrusion periods into Bend, Oregon.









[image: ]
 
Figure 5. Measured and modeled wind data at Cascade Middle School for the 5/28/2015 - 5/29/2015 intrusion. Red line indicates burn ignition time and gray-shaded area indicates the smoke intrusion period into Bend.
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Figure 6. Measured and modeled wind speed and direction for the June 5-6, 2015 smoke intrusions. Wind data are from Cascade Middle School. Red lines indicate burn ignition times and gray-shaded areas indicate the smoke intrusion periods into Bend.
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Figure 7. October 4 – 5, 2014, measured PM2.5 concentrations at the Bend Pump Station. Red line indicates time of ignition, and shaded area represents the time of the intrusion.
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Figure 8a. BlueSky output using 4km WRF model, valid time 0300 PDT 5 October 2014.
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Figure 8b. BlueSky output using 1km NAM model, valid time 0300 PDT 5 October 2014.
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Figure 9. Modeled and observed PM2.5 concentrations from 1700 PDT 10/4/2014 (Forecast Hour 0) to 0500 PDT 10/6/2014 (Forecast Hour 36). Blue line represents NAM 1km prediction, red line represents WRF 4km prediction, and green line shows observed values at the Bend nephelometer. 
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Figure 10a. BlueSky output using 4km WRF model, valid time 0700 PDT 5 October 2014.
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Figure 10b. BlueSky output using 1km NAM model, valid time 0700 PDT 5 October 2014.



















Table 1. Meteorological stations and smoke monitor locations for Spring 2015. Locations are listed from North to South. WX = Watchdog meteorological measurement station (wind speed, wind direction). Smoke = MetOne Inc. E-Sampler measuring PM2.5 concentrations and wind data (wind speed, wind direction). RAWS = Remote automated weather station measuring wind speed and wind direction. Nephelometer = Radiance Research M903.
	Station
	Latitude (deg)
	Longitude (deg)
	Elevation (ft)
	Measurement Type
	Relationship to Bend, Oregon
(km, direction)

	Sisters Ranger Station
	44.2925
	-121.5552
	3200
	WX
	32 km, NNW

	Sisters Ranger Station
	44.2925
	-121.5552
	3200
	Nephelometer
	32 km, NNW

	Bridges Boys Academy
	44.2274
	-121.5212
	3540
	WX
	25 km, NW

	Cascade Academy
	44.1327
	-121.3323
	3243
	WX
	8 km, NNW

	Tumalo Ridge
	44.0494
	-121.4003
	4000
	RAWS
	7 km, WSW

	Bend Pump Station
	
	
	
	Nephelometer
	In Town

	Miller Elementary
	44.0543
	-121.3692
	3829
	WX
	5 km, W

	Cascade Middle School
	44.0370
	-121.3397
	3758
	Smoke
	4 km, SW

	Lava Butte
	43.93
	-121.33
	4407
	RAWS
	15 km, S

	Sunriver
	43.9033
	-121.4329
	4164
	Smoke
	20 km, SSW

	Round Mountain
	43.6739
	-121.7167
	5900
	RAWS
	47 km SW




Table 2.  The BlueSky Smoke Modeling Framework configuration used for modeling smoke production and transport from  the prescribed burns. 
	BlueSkyFramework 
	Version 3.1.5 

	Meteorological model 
	WRF 3.1.1 (4-km, 1-hr intervals), NAM (1-km, 1-hr intervals)

	Fuel loadings 
	Fuel Characteristic Classification System (FCCS) 

	Consumption model 
	CONSUME Version 3 (Prichard et al. 2005) 

	Emissions model 
	FEPS Version 1 (Anderson et al. 2004) 

	Dispersion model 
	HYSPLIT Version 4.9 


Table 3. Prescribed burns responsible for smoke intrusions into Bend, Oregon for Fall 2014 and Spring 2015. Vegetation types are those used for Bluesky runs.
	Burn Date 
	Latitude 
(deg)
	Longitude (deg)
	Elevation (meters)
	Hectares
	Kgs/Hectare
	Vegetation 
(FCCS #)
	Ignition Start 
(PDT) 

	10/04/14
	43.7250
	-121.6323
	 1301
	 18.2
	101482
	Lodgepole Pine Forest (22)
	 1357

	10/04/14
	43.6960
	-121.6529
	 1305
	 19.0
	44498
	Pacific Ponderosa Pine – Douglas-fir (24)
	 1114

	10/04/14 
	43.7105 
	-121.6329
	 1302
	 20.3
	44498
	Pacific Ponderosa Pine – Douglas-fir (24)
	 1130

	05/04/15 **
	43.6571 
	-121.8360 
	1525
	46.2
	182990
	Lodgepole Pine Forest (22)
	0930

	05/05/15 
	43.9611 
	-121.3339 
	1266
	4.9
	30734
	Ponderosa Pine Savanna (28)
	1045

	05/28/15 
	44.0242 
	-121.3839 
	1312
	27.9
	21005
	Western Juniper/ Sagebrush Savanna (55)
	1125

	06/05/15 
	44.0423 
	-121.3975 
	1220
	49.4
	21005
	Western Juniper/ Sagebrush Savanna (55)
	1100 

	06/06/15 
	44.0136 
	-121.3975 
	1234
	55.9
	21005
	Western Juniper/ Sagebrush Savanna (55)
	1000 


** 05/04/15 fuels customized from FCCS #22 by increasing duff depth from 2 to 5 inches

Table 4. Summary of smoke intrusion episodes into Bend, Oregon for Fall of 2014 and Spring of 2015.
	Burn Date
	Intrusion Start (PDT) 
	Intrusion Duration (hours) 
	Maximum 1-hr PM2.5 (g/m3)
	Maximum 24-hr PM2.5 (g/m3)
	Relationship to Bend 
(km, direction)

	10/04/14
	0300 10/05/14
	10
	96
	26
	45 km, SSW

	10/04/14
	
	
	
	
	49 km, SSW

	10/04/14 
	
	
	
	
	47 km, SSW

	05/04/15 
	1300 
	2 
	13
	5
	60 km, WSW

	05/05/15 
	0700 05/06/15 
	1 
	11
	2.3
	11 km, SSW

	05/28/15 
	0100 05/29/15
	7
	181
	27
	7 km, SW

	06/05/15 
	2200 
	12
	130
	25
	7 km, WSW

	06/06/15 
	0000 06/07/15 
	10
	245
	38
	9 km, SW



Table 5. Prescribed burn prescription parameters for fires conducted on the Deschutes National Forest. 
	Parameter
	Low
	High
	Minimal Acceptable Moisture Parameters

	Air Temperature (F)
	40
	80
	-

	Relative Humidity (%)
	20
	40
	-

	Mid-flame Wind Speed (mph)
	0
	8
	-

	1-hr Fuel Moisture (%)
	5
	10
	5

	10-hr Fuel Moisture (%)
	6
	12
	6

	100-hr Fuel Moisture (%)
	7
	14
	7

	1000-hr Fuel Moisture (%)
	-
	-
	15

	Live Fuel Moisture (%)
	-
	-
	30




Table 6. Percent days when nighttime south winds and daytime north winds occur at the Tumalo Ridge RAWS from 2006 – 2015. Ideal wind conditions are when north winds occur during the day and south winds do not occur at night. “Annual” analysis takes into account all days of the year. “Annual Burn” analysis takes into account only days that meet the prescribed burn prescription window parameters. Similarly for Spring and Fall. 
	
	Night
South Wind
Yes
	Night
South Wind
No
	Day
North Wind
Yes
	Day
North Wind
No
	“Ideal” Wind Conditions

	Annual
	77%
	15%
	36%
	45%
	7%

	Annual Burn
	75%
	17%
	46%
	38%
	8%

	Spring
	77%
	12%
	45%
	36%
	7%

	Spring Burn
	69%
	21%
	50%
	36%
	13%

	Fall
	77%
	17%
	35%
	44%
	9%

	Fall Burn
	80%
	14%
	46%
	38%
	5%











[bookmark: _GoBack]Table 7. Wind speed (WS) mean bias, wind speed mean error, and wind direction (WD) mean error at the meteorological measurement stations for the 2015 smoke intrusion periods. Model data are from the 4-km resolution Weather Research Forecast model operated by the University of Washington. Station locations are listed north to south.
	Station/ Intrusion Period
	May 4-6, 2015
	May 28-29, 2015
	June 5-7, 2015

	
	WS Bias/ Error (m/s)
	WD Error (degrees)
	WS Bias/ Error (m/s)
	WD Error (degrees)
	WS Bias/ Error (m/s)
	WD Error (degrees)

	Sisters Ranger Station
	2.9/ 3.0
50% calm
	49.3
	1.7/ 1.7 88% calm
	43.5
	2.5/ 2.5 79% calm
	47.3

	Bridges Boys Academy
	1.3/ 1.5
40% calm
	43.1

	1.1/ 1.4 63% calm
	48.0
	1.1/ 1.1
44% calm
	27.2

	Cascade Academy
	2.0/ 2.0
67% calm
	43.8
	1.3/ 1.3 71% calm
	45.4
	2.8/ 2.8
63% calm
	38.3

	Tumalo Ridge RAWS
	0.6/ 1.1
	42.9
	0.6/ 0.9
	58.6
	0.9/ 1.1
	40.8

	Miller Elementary
	1.6/ 1.8
52% calm
	33.8
	1.8/ 1.8 79% calm
	70.2
	2.6/ 2.6
56% calm
	29.7

	Cascade Middle School
	0.4/ 0.7
	59.9
	0.7/ 1.0
	85.4
	0.9/ 1.1
	74.3

	Lava Butte RAWS
	0.7/ 1.4
10% calm
	34.8
	0.9/ 1.3
33% calm
	59.4
	2.0/2.0 19% calm
	39.2


	Sunriver
	-0.6/ 1.0
31% NA
	71.2
	0.4/ 1.2
	94.0
	0.9/ 1.1
	55.4

	Round Mountain RAWS
	-0.2/ 1.4
	13.8
	-0.7/ 1.5
	59.5
	0.1/ 1.6
	62.6
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