Exceptional Events Demonstration
for Ozone Exceedances
Eastern Portion of San Luis Obispo County, California
August 2018 Wildfire Events
September 3, 2021

Contents
Acronyms .................................................................................................................................. iii
Overview/Introduction .............................................................................................................. 5
I. NAAQS and Attainment Status .......................................................................................... 6
II. Clean Air Act and Exceptional Event Rule Requirements .................................................. 6
III. Actions Requested ............................................................................................................ 7
Background ............................................................................................................................... 8
I. Demographics and Geography........................................................................................... 9
II. Climate ............................................................................................................................... 9
III. Overview of Monitoring Network ................................................................................... 10
IV. Characteristics of Non-Event Ozone Formation ............................................................. 13
V. Characteristics of Event Ozone Formation ...................................................................... 15
Narrative Conceptual Model – August 3-9, 2018 ................................................................... 16
I. Wildfire Information .......................................................................................................... 16
II. Summary of Event ............................................................................................................ 26
A. August 3, 2018 ............................................................................................................ 28
B. August 4, 2018 ............................................................................................................. 32
C. August 6, 2018 ............................................................................................................ 35
D. August 7, 2018 ............................................................................................................ 39
III. Event Related Concentrations and Long Term Trends ................................................... 48
IV. Meteorological Conditions ............................................................................................. 50
V. Air Quality/Health Advisories .......................................................................................... 51
VI. Media Coverage ............................................................................................................. 52
Clear Causal Relationship ........................................................................................................ 53
I. Tier 1 Key Factor Analysis ................................................................................................. 54
II. Tier 2 Key Factor Analysis ................................................................................................ 55
A. Key Factor #1 (Q/D) ..................................................................................................... 56
B. Key Factor #2 (Comparison)......................................................................................... 58
III. Tier 3 Weight of Evidence .............................................................................................. 59
i

A. PM2.5 Trajectory Analysis .............................................................................................. 60
B. Ozone .......................................................................................................................... 75
C. Additional Supporting Ground-Level Evidence ........................................................... 82
D. Conclusion ................................................................................................................... 86
Natural Event/Human Activity Unlikely to Recur ..................................................................... 87
Not Reasonably Controllable and/or Not Reasonably Preventable ........................................ 87
Public Notification ................................................................................................................... 87
Summary/Conclusion............................................................................................................... 87
References ............................................................................................................................... 90
Appendices ............................................................................................................................. 91
I. Initial Notification and Air Quality Data ............................................................................ 92
A. Initial Notification ........................................................................................................ 92
B. AQS AMP350 Data ...................................................................................................... 94
II. District Alerts/Advisories ................................................................................................. 95
A. Better Breather Alert ................................................................................................... 95
B. Health Advisory ............................................................................................................ 97
C. Twitter Posts ................................................................................................................ 98
III. Meteorological Information .......................................................................................... 100
A. NWS Daily Maps ........................................................................................................ 100
B. NWS Area Forecast Discussions/Air Quality Alerts ................................................... 107
IV. Transport ...................................................................................................................... 110
A. HYSPLIT Forward Trajectory ...................................................................................... 110
B. HYSPLIT Backward Trajectory .................................................................................... 145
V. Satellite and Modeled Products .................................................................................... 155
A. NAAPS – AOD and SSC ............................................................................................ 155
B. NOAA Smoke Text Products ..................................................................................... 163
VI. News and Social Media reports .................................................................................... 166
A. News Media ............................................................................................................... 166
B. Social Media............................................................................................................... 180

ii

Acronyms
AOD
APCD
AQMD
AQS ID
BLM
CAA
CalFire
CARB
CFR
CMAQ
CMAS
CO
DV
EER
F
FCCS
FEMA
FEPS
FR
FRAP
GIS
HMS
HYSPLIT
ISU
LOX
m
mb
MODIS
mph
NAAPS
NAAQS
NASA
NCAR
NIFC
NO
NO2
NOAA
NOx
NPP
NPS
NWCC
NWS

Aerosol Optical Depth
Air Pollution Control District
Air Quality Management District
U.S. EPA Air Quality System Identification
Bureau of Land Management
Clean Air Act
California Department of Forestry and Fire Protection
California Air Resources Board
Code of Federal Regulations
Community Multiscale Air Quality
Community Modeling and Analysis System
Carbon Monoxide
Design Value
Exceptional Events Rule
Fahrenheit
Fuel Characteristic Classification System
Federal Emergency Management Agency
Fire Emissions Production Simulator
Federal Register
Fire and Resource Assessment Program
Geographic Information System
(NOAA) Hazard and Mapping System
Hybrid Single Particle Lagrangian Integrated Trajectory
Iowa State University
NWS Los Angeles/Oxnard office
meters
millibars
Moderate Resolution Imaging Spectroradiometer
miles per hour
Navy Aerosol Analysis and Prediction System
National Ambient Air Quality Standard(s)
National Aeronautics and Space Administration
National Center for Atmospheric Research
National Interagency Fire Center
Nitrogen Oxide
Nitrogen Dioxide
National Oceanic and Atmospheric Administration
Oxides of Nitrogen
National Polar-orbiting Partnership
National Park Service
Northwest Interagency Coordination Center
National Weather Service
iii

O3
PM
PM10
PM2.5
POC
ppm
PQAO
PST
Q/D
ROG
SF2
SIP
SMOKE
SPECIATE
SSEC
UNC
U.S. EPA
USDA
UTC
UWM
VOC
WRCC

Ozone
Particulate Matter
Particulate Matter less than or equal to 10 microns in aerodynamic diameter
Particulate Matter less than or equal to 2.5 microns in aerodynamic diameter
Parameter Occurrence Code
parts per million
Primary Quality Assurance Organization
Pacific Standard Time
Emissions divided by Distance
Reactive Organic Gas, used interchangeably with Volatile Organic Compound
(VOC) in this report
SmartFire2
State Implementation Plan
Sparse Matrix Operator Kernel Emissions
U.S. EPA repository of organic gas and particulate matter speciation emission
source profiles
Space Science and Engineering Center
University of North Carolina
United States Environmental Protection Agency
United States Department of Agriculture
Coordinated Universal Time
University of Wisconsin, Madison
Volatile Organic Compound
Western Regional Climate Center

iv

Overview/Introduction
During the summer of 2018, extreme fuel conditions in California created an extreme fire
season affecting almost all of Northern California, and large portions of Southern California
(Figure 1-1), with smoke and haze lingering for weeks. As expected, numerous monitoring
sites recorded elevated particulate matter (PM) concentration levels, with many days above
the National Ambient Air Quality Standards (NAAQS or standard) for both PM2.5 and PM10.
Ozone concentrations were also impacted, with levels above and beyond that normally seen
during the summer high ozone season.
Figure 1-1: NASA/NOAA Suomi NPP satellite image - August 7, 2018 1

1

NASA Worldview, accessed 6/18/21
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I. NAAQS and Attainment Status
To protect public health and the environment, the U.S. Environmental Protection Agency
(U.S. EPA) has set a NAAQS for ozone (O3) that specifies the maximum allowed concentration
to be present in outdoor ambient air. The national ozone standard, first being set in 1979,
has been periodically reviewed and revised, resulting in stricter standards set at lower and
lower concentrations. Areas determined not to meet these standards are considered
nonattainment areas. An 8-hour ozone standard was initially promulgated in 1997, and
further revised in 2008 and 2015 as noted in Table 1-1. Due to its high population, urban
density, and unique geography, California is home to a significant number of ozone
nonattainment areas.
Table 1-1: 8-Hour Ozone NAAQS
Final Rule/Decision

Level (ppm – parts per million)

1997
2008
2015

0.08
0.075
0.070

The Eastern Portion of San Luis Obispo County was designated as a Marginal nonattainment
area for the 2015 Ozone NAAQS. The site(s) and upcoming regulatory determination(s)
impacted by events in this document are indicated in Table 1-2.
Table 1-2: Ozone Nonattainment Areas and Regulatory Determinations
Nonattainment
Area
San Luis Obispo
(Eastern Portion)

Ozone
NAAQS

Classification

Regulatory
Determination

Impacted Site

AQS ID

2015

Marginal

Attainment

Red Hills

06-079-8005

II. Clean Air Act and Exceptional Event Rule Requirements
The Clean Air Act (CAA) 2 defines an exceptional event collectively as the following:
1. The event affected air quality;
2. The event was not reasonably controllable or preventable;
3. The event was caused by human activity that is unlikely to recur at a particular location
or was a natural event; and
4. There exists a clear causal relationship between the specific event and the monitored
exceedance.
On October 3, 2016, U.S. EPA finalized revisions to the “Treatment of Data Influenced by
Exceptional Events”, 3 also known as the Exceptional Events Rule (EER). These regulations
govern exclusion of event-influenced air quality data from certain regulatory determinations

2
3

Clean Air Act Section 319(b). 42 U.S.C. Section 7619
U.S. EPA, Treatment of Data Influenced by Exceptional Events, 81 FR 68216
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of the U.S. EPA Administrator under the CAA. Regulatory determinations applicable under
the revised EER are:
•
•
•
•
•
•

An action to designate or redesignate an area as attainment, unclassifiable/attainment,
nonattainment, or unclassifiable for a particulate NAAQS;
The assignment or re-assignment of a classification category to a nonattainment area;
A determination regarding whether a nonattainment area has attained a NAAQS by its
CAA deadline, including a “clean data determination”;
A determination that an area has data for the specific NAAQS that qualify the area for
an attainment date extension under the CAA provisions;
A finding of SIP inadequacy leading to a SIP call; and
Other actions on a case-by-case basis.

U.S. EPA regulations 4 state that exceptional events demonstrations must address and include
the following elements:
1. A narrative conceptual model;
2. A demonstration that the event was both not reasonably controllable and not
reasonably preventable;
3. A demonstration that the event was a human activity unlikely to recur at a particular
location or was a natural event; and
4. A demonstration that the event affected air quality in such a way that there exists a
clear causal relationship between the specific event and the monitored exceedance.

III. Actions Requested
Although a significant number of ozone nonattainment areas were impacted by the historic
2018 wildfires, not all areas have upcoming regulatory determinations applicable under the
revised EER. The California Air Resources Board (CARB) is submitting this Exceptional Event
demonstration to U.S. EPA for days that impacted the Eastern Portion of San Luis Obispo
County ozone nonattainment area in the summer of 2018. These days, along with additional
days in 2020 which will be included in a separate document, will affect the upcoming
Marginal attainment determination for the 2015 Ozone NAAQS, which has otherwise met the
level of the standard. The adjusted design values with and without U.S. EPA concurrence on
this document are shown in Figure 1-2 and Table 1-3. Specific exceedances of the ozone
8-hour standard requested for concurrence at the Red Hills monitor in this document are
listed in Table 1-4.

4

40 CFR 50.14(c)(3)(iv)
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Figure 1-2: 8-hour Ozone Design Values at Red Hills

Table 1-3: Summary of 8-hour Design Values (ppm) with and without U.S. EPA
Concurrence (2018 events only)
U.S. EPA Determination

2018

2019

2020

Design Value Without Concurrence

0.072

0.070

0.073

Design Value with Concurrence on 2018 Dates

0.071

0.069

0.072

Table 1-4: Summary of 2018 8-Hour Ozone Exceedances Influenced by Wildland Fires
Air District

Monitoring Site

AQS ID

POC

Date

San Luis Obispo
San Luis Obispo
San Luis Obispo
San Luis Obispo
San Luis Obispo

Red Hills
Red Hills
Red Hills
Red Hills
Red Hills

06-079-8005
06-079-8005
06-079-8005
06-079-8005
06-079-8005

1
1
1
1
1

8/3/18
8/4/18
8/6/18
8/7/18
8/9/18

8-Hour
Concentration
(ppm)

0.073
0.072
0.071
0.071
0.073

Background
California is divided geographically into air basins to manage the air resources of the State
on a regional basis. An air basin generally has similar meteorological and geographic
conditions throughout. The State is currently divided into 15 air basins, and further
8

subdivided into 35 local air pollution control districts (APCDs or districts) or air quality
management districts (AQMDs or districts).
Almost the entire State of California was impacted by wildfires from July to September of
2018. It is estimated that over 39 percent of the population of the State experienced one or
more days impacted by smoke from these fires.

I. Demographics and Geography
The Red Hills monitoring site is located at an altitude of 700 meters in a rural, agricultural
area in San Luis Obispo County. The area is part of the Red Hills range in the California
Coastal Range. The closest populated areas are Shandon, a small town (population of
approximately 1,300) located ten miles west. The larger town of Paso Robles, located an
additional 15 miles further west, has a population of approximately 32,000.

II. Climate
The eastern portion of San Luis Obispo, as recorded at the Paso Robles Municipal Airport,
experiences mild winters and warm summers, with most precipitation falling from November
to March (Table 2-1). The average annual precipitation is 12.53 inches (1948-2012 climate
normals). 5
Table 2-1: Monthly Mean Temperature and Precipitation (1948-2012)
Month
January
February
March
April
May
June
July
August
September
October
November
December

Mean Maximum
Temperature (F)
59.6
62.8
66.3
72.7
80.3
87.7
93.8
93.5
89.1
79.9
67.8
59.9

Mean Minimum
Temperature (F)
34.2
37.2
38.9
40.8
45.5
50.1
53.7
53.2
50.4
44.3
37.6
33.3

Mean Temperature
(F)
46.9
50
52.6
56.7
62.9
68.9
73.7
73.4
69.8
62.1
52.7
56.6

Mean Precipitation
(inches)
2.73
2.46
2.17
0.91
0.26
0.02
0.02
0.04
0.21
0.52
1.19
2.01

A significant portion of the State of California experienced higher than average temperatures
and lower than average precipitation in the year leading up to the summer of 2018 (Figure
2-1). From March to May (Figure 2-2), however, above average precipitation was recorded in
northern and central California, leading to early vegetative growth before below average

5

WRCC, Cooperative Climatological Data Summaries, last accessed 7/29/21
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precipitation levels again prevailed. These conditions increased the potential for wildfires in
those areas.
Figure 2-1: Average Temperature and Precipitation Ranks, September 2017-August
2018 6

Figure 2-2: Average Precipitation Ranks, March-May 20186

III. Overview of Monitoring Network
The CARB Primary Quality Assurance Organization (PQAO) is comprised of 32 of the 35 air
districts in California. The three remaining districts, the Bay Area AQMD, San Diego County
APCD, and South Coast AQMD, represent their own PQAOs.
California’s ambient air monitoring network includes over 250 sites and more than 700
monitors, making it one of the most extensive in the world. Many regions in California are

6

NOAA, National Temperature and Precipitation Maps, last accessed 7/29/21
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characterized by complex terrain, variable meteorological conditions, and diverse emission
sources. A large monitoring network is critical for assessing the State’s progress in meeting
clean air objectives, understanding spatial and temporal variation in air pollutants, and
evaluating pollutant exposure. Monitors are operated by CARB, districts, and other entities
including the National Park Service (NPS), private contractors, and tribal authorities. A map
showing current ozone monitoring in the South Central Coast Air Basin, including San Luis
Obispo County, is shown in Figure 2-3. There are two ozone monitoring sites in the
nonattainment area: Red Hills (denoted as #1) and Carrizo Plains (denoted as #5). Red Hills is
the design value site for the area.
Figure 2-3: Ozone Monitoring in South Central Coast Air Basin
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Meteorology

PM2.5 Speciation

Total
Hydrocarbons

CO

SO2

NO2

PM10

PM2.5

Ozone

Monitoring Site

Number

Table 2-2: Monitoring Sites in South Central Coast Air Basin

1

Red Hills

X

X

2

Paso Robles

X

3

Atascadero

X

4

Morro Bay

X

X

5

Carrizo Plains School

X

X

6

San Luis Obispo - Higuera

X

7

Arroyo Grande

8

Nipomo-Regional Park

9

Nipomo-Guadalupe

10

Santa Maria

11

San Rafael Wilderness

12

Lompoc HS&P

X

13

Lompoc S H Street

X

14

Santa Ynez-Airport

X

15

Vandenberg AFB

X

16

Paradise Road-Los Padres

X

X

X

17

Gaviota GTC Site B

X

X

X

18

Las Flores Canyon #1

X

X

X

X

19

El Capitan Beach

X

X

X

X

20

Ojai

X

X

21

Goleta-Fairview

X

X

22

Piru - Pacific

X

X

23

Santa Barbara 700 East Canon

X

X

24

Carpinteria

X

25

Simi Valley-Cochran

X

X

26

El Rio-Rio Mesa

X

X

27

Thousand Oaks

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X
X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X
X

X

X
X

X

X
X

X

X

X

X

X

X

X
X

The San Luis Obispo County APCD’s ambient air monitoring network meets the minimum
monitoring requirements for all criteria pollutants pursuant to Title 40, Part 58 of the Code of
Federal Regulations (CFR), Appendix D. San Luis Obispo County’s monitoring network is
reviewed annually to fulfill the requirements of 40 CFR 58.10 to ensure the network meets
the monitoring objectives defined in 40 CFR 58, Appendix D. Data was collected and quality
assured as per 40 CFR 58 and submitted to the Air Quality System (AQS).

12

The San Luis Obispo County APCD also operates a PM2.5 Purple Air sensor
(SCPR20_Red Hills) at the Red Hills site. The sensor does not fulfill CFR monitoring
requirements but can be utilized in more generalized comparison analyses. Primary data for
channels A and B were averaged by hour for values of PM2.5_CF1_µg/m3 to calculate a
single sensor based concentration.

IV. Characteristics of Non-Event Ozone Formation
Ground-level ozone is formed by chemical reactions between oxides of nitrogen (NOx) and
reactive organic gases (ROG) in the presence of heat and sunlight. San Luis Obispo county
emissions estimates are shown in Figure 2-4. Areawide sources is the largest category of
anthropogenic (human-caused) ROG emissions; while Non-Road Mobile sources is the largest
source of anthropogenic NOx emissions.
Figure 2-4: Anthropogenic Daily NOx and ROG Emissions Estimates for Summer

The highest ozone values occur from May through November, with exceedances during the
remainder of the year extremely rare. Ozone concentrations are typically low overnight,
peaking in mid-day, with 95 percent of values well below 0.070 ppm (Figure 2-5). The 1-hour
ozone concentrations for the event days (Figure 2-6) indicate that ozone concentrations were
above the 95 percentile and diverged from the normal diurnal pattern. Daily calibration
checks frequently occurred in the fourth hour during the 2013-2017 year period, so this
period was excluded from the calculation of percentiles.

13

Figure 2-5: Typical May-November 1-Hour Ozone Diurnal Pattern at Red Hills (20132017)

14

Figure 2-6: 1-Hour Ozone Concentrations during Event Days compared to MayNovember 2013-2017 Percentiles

The Red Hills site calibration check time was changed by the District to 2am beginning
May 3, 2018. Missing hours from 8am-11am on August 3 were due to power failure at the
site.

V. Characteristics of Event Ozone Formation
Although wildfires occur in California every year, the number of wildfires and the amount of
acreage burned has increased substantially, from an average of less than 5,000 fires burning
200,000 acres, 7 to a record 7,948 incidents and 1,975,086 acres burned in 2018. 8 The impact
of these wildfires on air quality has been dramatic. Smoke from large fires has caused
extreme concentrations of PM and ozone, especially in the western United States. 9 Wildfires
generate large amounts of ozone precursors including NOx and ROG which can contribute
to elevated ozone levels in California. However, there are large variations in the amount of
emissions (depending on the fuel type and combustion temperature), plume heights, smoke

CalFire, 2017 Statistics and Events (5 year average), last accessed 8/20/21
CalFire, 2018 Incident Archive, last accessed 7/29/21
9
Gong et al., 2017; Laing and Jaffe, 2019; Mass and Ovens, 2019; Jaffe et al., 2020
7
8
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density, and meteorological conditions during different wildfires, and all these factors can
significantly impact the subsequent ozone production. 10 In addition, the amount of ozone
within a smoke plume also varies with distance from the fire. 11 Due to the titration by NO
from fire emissions and the blocking of sunlight by PM emissions which hinders
photochemical reactions, ozone concentrations near active fires are sometimes even lower
relative to baseline concentrations. As the ozone precursors transport downwind along with
the other air pollutants such as particulate matter, ozone is produced within the smoke
plume which could result in ozone exceedances at the surface in downwind areas. Research
studies found that distant wildfires can raise ground-level ozone concentrations to unhealthy
levels even at large distances from the fire location. 12 Although increases in PM2.5 were noted
at sites to the east of the Red Hills monitor, the Atascadero site to the southwest of the Red
Hills monitor and sites to the north in the Monterey Peninsula saw only slight increases due to
influence from predominantly cleaner marine air within the valleys of the southern Coastal
Ranges and along the Pacific coast.

Narrative Conceptual Model – August 3-9, 2018
The Narrative Conceptual Model describes the events causing the exceedances or violations
seen at the monitor and includes a discussion of how the events led to concentrations above
the NAAQS.

I. Wildfire Information
2018 was an extreme year for wildfires, with numerous wildfires active during the time of the
exceedances seen at the Red Hills monitor (Figure 3-1, Table 3-1), although not all the
wildfires impacted the monitor on any given day. Changing meteorological conditions
brought smoke from distant fires at the Oregon/California border down the coast toward the
Red Hills monitor on some days, while others saw influences from wildfires in the northern
portion of the State or just to the east in the Sierra Nevada Mountains or even closer in
Monterey County. All these fires, however, contributed to the accumulating smoke layers
that overlayed California, making identification of the impact of just one wildfire difficult.
Most of these fires, and all the megafires, occurred on wildland or in the urban/wildland
interface.
Table 3-1: Major wildfires active during August 2018 event 13
Fire

Start

Containment

Latitude

Longitude

Total Acres

Ferguson
Natchez

7/13/18
7/15/18

11/28/18
1/4/19

37.655
41.951

-119.886
-123.546

96,901
38,134

Jaffe and Wigder, 2012; Faloona et al., 2020
Faloona et al., 2020
12
Pfister et al., 2008
13
CalFire, 2018 Redbook Wildfire Activity Statistics. Accessed 6/7/2021; USDA Forest Service, Rogue RiverSiskiyou National Forest, Press Release: Klondike Fire Officially Declared 100% Contained, accessed 6/7/2021.
10
11
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Fire
Klondike

Start
7/16/18

Containment
11/28/18

Latitude
42.369

Longitude
-123.86

Total Acres
175,528

Taylor Creek

7/16/18

10/11/18

42.528

-123.571

52,389

Carr
Mendocino Complex (Ranch)
Mendocino Complex (River)
Donnell
Turkey

7/23/18
7/27/18
7/27/18
8/1/18
8/6/18

8/30/18
9/19/18
8/10/18
1/4/19
8/7/18

40.654
39.243
39.047
38.349
35.800

-122.624
-123.103
-123.120
-119.929
-120.330

229,651
410,203
48,920
36,450
2,225

17

Figure 3-1: August 2018 Wildfires
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The Klondike/Taylor Creek wildfire (Figure 3-2) was originally two separate wildfires: Taylor
Creek Fire and Klondike Fire 14. These fires began during a lightning strike on July 15, 2018,
and actively burned in the Rogue River-Siskiyou National Forest, although the Taylor Creek
fire started on Bureau of Land Management (BLM) land in the Oregon Department of
Forestry’s protection area. 15 The wildfires eventually merged and burned 228,000 acres
before full containment on November 28, 2018. 16
The Natchez wildfire was also ignited by lightning on July 15, 2018 in the Rogue RiverSiskiyou National Forest and consumed 38,134 acres in portions of Siskiyou and Del Norte
Counties. The fire was finally contained on October 30, 2018.
Figure 3-2: Klondike, Taylor Creek, and Natchez Fires

The Carr wildfire (Figure 3-3) was ignited by a vehicle on July 23, 2018 in the WhiskeytownShasta Trinity National Recreation Area in Shasta County. The fire rapidly spread, eventually
burning 229,651 acres, killing three firefighters and five civilians, and destroying 1,614

USDA Forest Service, Rogue River-Siskiyou National Forest, Press Release: Klondike Fire Officially Declared
100% Contained, accessed 6/7/2021
15
Alaska Incident Management Team, 2018 Taylor Creek Klondike Fires Summary, last accessed 7/29/21
16
NWCC, Northwest Annual Fire Report, 2018, p.20, last accessed 7/29/21
14
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buildings before full containment on August 30, 2018. This was the second largest fire by
acreage in 2018.
Figure 3-3: Carr Fire

The Mendocino Complex (Figure 3-4) was the collective name for two large wildfires, Ranch
Fire and River Fire, which both started on July 27, 2018 in the Mendocino National Forest.
The Ranch Fire, caused by human activities, destroyed 246 structures, killed one firefighter,
and eventually burned 410,203 acres within portions of Colusa, Glenn, Lake, and Mendocino
Counties before complete containment on August 17, 2018. The River Fire, with an
undetermined cause of ignition, destroyed 35 structures and burned 48,920 acres in Colusa,
Lake, and Mendocino Counties before containment on September 27, 2018. As of 2018, the
Mendocino Complex fire was the largest wildfire to have occurred in California’s recorded
history with a combined 459,123 burned acres.

20

Figure 3-4: Mendocino Complex (Ranch and River Fires)

The Donnell wildfire (Figure 3-5) was ignited in the Carson-Iceberg Wilderness area in the
Stanislaus National Forest on August 1, 2018. The fire, cause unknown, consumed 36,450
acres and 135 buildings in Tuolumne County before eventual containment on October 31.
The Ferguson wildfire (Figure 3-5), cause unknown, was ignited on July 13, 2018 in the Sierra
National Forest in Mariposa County. The fire burned 96,901 acres, destroyed 11 structures,
and killed two firefighters prior to containment on August 22. This was the fifth largest
wildfire by acreage in 2018.

21

Figure 3-5: Donnell and Ferguson Fires

The Turkey Fire (also known as the Turkey Flats Fire, Figure 3-6) was a grassland vegetation
fire caused by human activity near the town of Parkfield in Monterey county on August 6.
This fire burned 2,225 acres and was contained on August 7. Figures 3-6b and 3-6c show the
area before and after the small fire on land with little, if any, development.

22

Figure 3-6: Turkey Fire with Pre/Post Fire Maps
a. Location of Turkey Fire and Red Hills monitoring site

23

b. Perimeter of future Turkey Fire in undeveloped vegetative area

c. Perimeter of past Turkey Fire in burned vegetative area

24

These fires occurred in areas that meet the definition of wildland which is “an area in which
human activity and development is essentially non-existent, except for roads, railroads,
power lines, and similar transportation facilities. Structures, if any, are widely scattered.” As
specified in the Exceptional Events Rule, 17 wildlands can include forestland, shrubland,
grassland, and wetlands and includes lands that are predominantly wildland, such as land in
the wildland-urban interface. Figures 3-7 and 3-8 indicate some of these areas with the fire
perimeters outlined in red.
Figure 3-7: California Land Ownership Map with 2018 Wildfire Boundaries (Red) 18

17
18

81 FR 68248
CalFire, FRAP GIS Data, last accessed 7/29/21
25

Figure 3-8: Wildland-Urban Interface Map with 2018 Wildfire Boundaries (Red) 19

II. Summary of Event
A series of large wildfires were ignited across California from mid-July to August 2018. Most
of these fires occurred in the northern portion of the state, including the Carr Fire, which
burned 230,000 acres and resulted in the eight fatalities, and the Mendocino Complex Fire,

19

CalFire, FRAP GIS Data, last accessed 7/29/21
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which burned over 450,000 acres with one fatality. On August 4, 2018, a national disaster
was declared in Northern California, due to the extensive wildfires burning there. 20
The following sections provides evidence of the impact of these exceptional events on the
Red Hills ozone monitor in San Luis Obispo County from August 3 to August 9, 2018.
Presented by event day, the evidence shows the source wildfires that collectively contributed
emissions.
NOAA’s HYSPLIT 21 model was used to determine simple back-trajectories showing the path
that an air parcel took for a specified period of time (here, 48 hours), starting at the Red Hills
monitor at times of peak concentrations on each day. Three height levels (red: 100 meters
(m); blue: 500m; green: 1000m) were used to indicate transport near the surface and in the
upper atmosphere.
The forward dispersion tool of the HYSPLIT model was used to indicate how emissions from
the wildfires were transported toward the monitor. The estimated time of arrival from the fire
was used to indicate contributing wildfires to the concentrations at the monitor. The HYSPLIT
dispersion model was run from each major fire starting 36 hours prior to maximum ozone
concentration at the Red Hills site for each date. These dispersion model runs provide for
insight into a hypothetical plume of smoke spreading from each fire and the approximate
number of hours to reach an area. This provides for a generalized understanding of smoke
transport from a fire across a region, connecting a wildfire with smoke in satellite imagery,
and finding potential correlations at a site through analysis of plume coverage timing and
backwards trajectories when they overlap.
Google Earth 22 was used as a platform to combine the HYSPLIT back-trajectories and the
NOAA Hazard and Mapping System (HMS) Fire and Smoke Product 23 smoke layers and fire
locations. An additional Google Earth image, showing the HYSPLIT back-trajectories along
with visible satellite images from the MODIS 24 Aqua or Terra platforms, is also presented.
Both the HYSPLIT dispersion and trajectory model results, as well as MODIS satellite layers,
and HMS smoke plume analyses, show impacts from the wildfires at the Oregon/California
border as well as the larger California wildfires dispersed throughout the northern and central
portions of the State. Although the model results can show potential influence from specific
fires, they do not always show the cumulative effect of continuing wildfire emissions that
impacted California in late July and early August. HYSPLIT dispersion results in the following
sections are primarily from the fires providing the most impacts on the monitors on the
specified day. HYSPLIT trajectory results are primarily from the time of maximum
concentrations during the exceeding 8-hour period. Dispersion results from other fires for

FEMA, California Wildfires and High Winds, DR-4382-CA, last accessed 7/29/21
HYbrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT)
22
Google Earth, last accessed 7/29/21
23
NOAA Hazard and Mapping System (HMS), Fire and Smoke Text Product, last accessed 7/29/21
24
UWM, SSEC, MODIS Today, last accessed 7/29/21
20
21
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each day and trajectory results from other hours during the exceeding 8-hour period can be
found in Appendix IV.

A. August 3, 2018
With transported wildfire emissions, sunlight, and warm temperatures along the way, ample
ozone was generated, transported, and mixed to the surface at the Red Hills site. This
transported ozone from fires listed in Table 3-2 led to ozone increases during the overnight
hours of August 3 persisting through August 4.
Table 3-2: Major wildfires impacting monitor on August 3, 2018 25
Fire
Natchez
Klondike
Taylor Creek

Start
7/15/18
7/16/18

Containment
1/4/19
11/28/18

Total Acres
38,134
175,528

Aug 3 Daily Acres
963
5,352

Mendocino Complex (Ranch)

7/16/18
7/27/18

10/11/18
9/19/18

52,389
410,203

2,937
46,015

Mendocino Complex (River)

7/27/18

8/10/18

48,920

3,168

Strong, broad 500 millibar (mb) high pressure over the desert southwest (Figure 3-9) kept
conditions favorable for ozone production at the surface in areas not excessively obscured by
smoke from above. Dry, warm weather across much of California allowed for active wildfires
to continue burning, while strong surface high pressure over the eastern Pacific Ocean
generated strong northerlies along the western United States.

Direct communication from Leland Tarnay, PhD Physical Ecologist Forest Service Region 5 Remote Sensing
Lab on 7/2/2021 3:45 PM
25

28

Figure 3-9: Meteorological conditions on August 3, 2018 26

26

NWS, Daily Weather Maps, last accessed 7/29/21
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Near surface smoke from wildfires originating in southwestern Oregon and along the
northern California border was transported down the western California coast during the
days preceding the August 3 exceedance. From late August 2 into August 3, this smoke
ladened air also moved southward along and over the Southern Coast Ranges, which run
north and south from San Francisco to Santa Barbara County, impacting the Red Hills
monitor as indicated by the back-trajectories in Figures 3-10a and 3-10b.
Figure 3-10a: August 3, 2018 HYSPLIT back trajectories (starting 8/4/18 00PST) with
active fire locations and NOAA HMS smoke plumes
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Figure 3-10b: August 3, 2018 HYSPLIT back trajectories (starting 8/4/18 00PST) with
active fire locations and MODIS Aqua satellite image.

Of further greater impact was smoke from the Mendocino Complex, which pooled in the
Sacramento Valley during August 1 and into August 2. Beginning on the evening of August 2,
the smoke was also transported southward along the eastern portions of the Coastal Range
and western San Joaquin Valley, reaching the Red Hills site late evening August 3. This
impact is supported by dispersion modelling shown in Figure 3-11.
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Figure 3-11: HYSPLIT forward particle dispersion results from Ranch Fire (left) and River
Fire (right) (Mendocino Complex) – Model start time (8/2/18 00UTC, 8/1/18 16PST),
results were one hour prior to the start exceeding 8-hour time period (8/4/18 06UTC,
8/3/18 22PST)

B. August 4, 2018
The fires at the Oregon border and Mendocino Complex continued impacting the monitor at
Red Hills throughout the day of August 4 (Table 3-3). The backward trajectory from the time
of maximum concentrations at 17PST (01UTC) showed influence from the coastal area,
although the trajectory veered over and east of the Southern Coast Mountain Ranges and
through an increasingly smoky San Joaquin Valley before impacting the monitor (Figures 312a and 3-12b).
A weak 500mb trough moved through the Pacific Northwest while high pressure across the
desert southwest weakened, allowing for slightly cooler temperatures across the region
(Appendix III). Strong northerlies associated with high pressure over the eastern Pacific
Ocean persisted along the coast and continued to transport smoke from the Oregon
wildfires southward. During the evening of August 4, strong onshore flow cleared smoky
conditions to the southeast and east, allowing for cleaner air to reach the Red Hills site on
August 5.
Table 3-3: Major wildfires impacting monitor on August 4, 2018
Fire
Natchez
Klondike
Taylor Creek

Start
7/15/18
7/16/18

Containment
1/4/19
11/28/18

Total Acres
38,134
175,528

7/16/18

10/11/18

52,389
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Aug 4 Acres
615
2,605
1,994

Fire
Mendocino Complex (Ranch)
Mendocino Complex (River)

Start
7/27/18
7/27/18

Containment
9/19/18
8/10/18

Total Acres
410,203
48,920

Aug 4 Acres
50,752
1,699

Figure 3-12a: August 4, 2018 HYSPLIT back trajectory (starting 8/4/18 17PST) with active
fire locations and NOAA HMS smoke plumes
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Figure 3-12b: August 4, 2018 HYSPLIT back trajectory (starting 8/4/18 17PST) with active
fire locations and MODIS Terra satellite image

The forward dispersion models from the Mendocino Complex fires (Figure 3-13) continued to
indicate smoke along the Southern Coastal Range and Western San Joaquin valley
intersecting the trajectories that eventually reached the monitor.
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Figure 3-13: HYSPLIT forward particle dispersion results from Ranch Fire (left) and River
Fire (right) (Mendocino Complex) - one hour prior to peak concentration at Red Hills
(which was at 8/5/18 01UTC, 8/4/18 17PST)

C. August 6, 2018
Upper level high pressure persisted across the desert southwest while a cutoff low sat in the
Gulf of Alaska, providing for dry zonal flow at the 500 mb level across the region. The
onshore flow during August 5 weakened, allowing low level winds to shift to more northwest
and northerly (Appendix III).
Adding to the impacts from the wildfires to the north and east, a new wildfire, the Turkey
Fire, began at 05PST (13UTC) on August 6, only 15 miles north of the Red Hills site (Table
3-4).
Table 3-4: Major wildfires impacting monitor on August 6, 2018
Fire
Ferguson
Natchez
Klondike
Taylor Creek

Start
7/13/18
7/15/18
7/16/18

Containment
11/28/18
1/4/19
11/28/18

Total Acres
96,901
38,134
175,528

Carr

7/16/18
7/23/18

10/11/18
8/30/18

52,389
229,651

Mendocino Complex (Ranch)
Mendocino Complex (River)
Turkey

7/27/18
7/27/18
8/6/18

9/19/18
8/10/18
8/7/18

410,203
48,920
2,225

Aug. 6 Acres
812
88
3,439
1,299
4,642
16,677
746
2,225

Northerly winds transported smoke and ozone precursors southward as indicated in Figure 314, which provides a closer view of the area. Ample sunlight amid the presence of smoke and
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precursors all contributed to local ozone production, with elevated ozone concentrations
impacting the Red Hills monitoring site during the day.
Figure 3-14: HYSPLIT forward dispersion results from Turkey Fire in southern California –
Start time (8/6/18 18UTC, 10PST) showing midday dispersion toward Red Hills (at 8/6/18
21UTC, 13PST)

Additional major impacts were from the Mendocino Complex in Mendocino County, made
up of both the Ranch and River Fires. A backward trajectory from the time of peak ozone
concentration still showed impacts from the coastal area, but smoke along this transport path
from southwestern Oregon did not reach the Red Hills area until late evening August 6 or
early on August 7. Meanwhile, upper atmosphere back trajectories (blue and green lines)
from the Red Hills monitor traced a path through the San Joaquin and Sacramento Valleys
and the smoke plumes from the Mendocino Complex (Figures 3-15a and 3-15b).
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Figure 3-15a: August 6, 2018 HYSPLIT back trajectory (starting 8/6/18 17PST) with active
fire locations and NOAA HMS smoke plumes
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Figure 3-15b: August 6, 2018 HYSPLIT back trajectory (starting 8/6/18 17PST) with active
fire locations and MODIS Aqua satellite image

A forward look from the Mendocino Complex (Figure 3-16) corroborated potential smoke
intersecting the trajectory that eventually reached the monitor. Although a good amount of
smoke moved east, thickening smoke in the central portion of California was evident in both
the HMS smoke layers and the MODIS satellite images shown above.
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Figure 3-16: HYSPLIT forward dispersion results from Ranch Fire (left) and River Fire
(right) (Mendocino Complex) in northern California – one hour prior to peak
concentration at Red Hills (8/7/18 01UTC, 8/6/18 17PST)

D. August 7, 2018
500mb high pressure began strengthening across the region while the center started shifting
toward Nevada. Along with the continued dry conditions, this allowed temperatures to trend
warmer while low level winds continued to flow generally from the north and northwest
(Appendix III).
Emissions from wildfires at the Oregon border continued to impact the Red Hills monitor, but
major impacts were from the Mendocino Complex and the Carr Fire to the north, and the
Ferguson and Donnell Fires in the eastern foothills of the San Joaquin Valley (Table 3-5).
Table 3-5: Major wildfires impacting monitor on August 7, 2018
Fire

Start

Containment

Total Acres

Aug 7 Acres

Ferguson
Natchez
Klondike

7/13/18
7/15/18
7/16/18

11/28/18
1/4/19
11/28/18

96,901
38,134
175,528

322
706
1,934

Taylor Creek

7/16/18

10/11/18

52,389

875

Carr
Mendocino Complex (Ranch)
Mendocino Complex (River)
Donnell

7/23/18
7/27/18
7/27/18
8/1/18

8/30/18
9/19/18
8/10/18
1/4/19

229,651
410,203
48,920
36,450

4,011
8,509
746
3,291
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The backward trajectory from the peak concentration at 14PST (22UTC) still showed impacts
from the coastal area at the surface, but the upper atmosphere trajectories (green and blue),
where most long-range transport would be, are again through the San Joaquin and
Sacramento Valleys and through the cumulative smoke emitted from the large northern fires
as well as the smoke drainage from the Ferguson and Donnell Fires (Figures 3-17a and 317b).
Figure 3-17a: August 7, 2018 HYSPLIT back trajectory (starting 8/7/18 14PST) with active
fire locations and NOAA HMS smoke plumes
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Figure 3-17b: August 7, 2018 HYSPLIT back trajectory (starting 8/7/18 14PST) with active
fire locations and MODIS Aqua satellite image

A forward look from the Ferguson and Donnell Fires (Figure 3-18) corroborates potential for
smoke intersecting the backward trajectory from the monitor. The thickening smoke in the
central portion of California is evident in Figure 3-17b.
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Figure 3-18: HYSPLIT forward dispersion results from Ferguson and Donnell Fires in
eastern San Joaquin Valley – two hours after peak concentration at Red Hills (which was
at 8/7/18 22UTC, 14PST)

1. August 9, 2018
Strong high pressure aloft continued to prevail across the western United States, providing
above normal temperatures and continued dry conditions for most of California (Figure 3-19,
Appendix III). During the late evening of August 9 into early August 10, a strong coastal
pressure gradient provided for onshore westerly flow that blew more smoke towards the east
while transporting cleaner marine air across the southern Coastal Range and far western San
Joaquin Valley.
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Figure 3-19: Meteorological conditions on August 9, 2018 27

27

NWS, Daily Weather Maps, last accessed 7/29/21
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Major fire impacts were again from the Mendocino Complex in Mendocino County, the Carr
Fire in Shasta County, and the Ferguson and Donnell Fires in the eastern foothills of the San
Joaquin Valley (Table 3-6).
Table 3-6: Major wildfires impacting monitor on August 9, 2018
Fire
Ferguson
Natchez
Klondike
Taylor Creek
Carr
Mendocino Complex (Ranch)
Mendocino Complex (River)
Donnell

Start
7/13/18
7/15/18
7/16/18

Containment
11/28/18
1/4/19
11/28/18

Acres
96,901
38,134
175,528

Aug 9 Acres
227
201
3813

7/16/18
7/23/18
7/27/18
7/27/18
8/1/18

10/11/18
8/30/18
9/19/18
8/10/18
1/4/19

52,389
229,651
410,203
48,920
36,450

392
4386
4503
Not Found
2693

The backward trajectory from the peak concentration at 10PST (18UTC) showed impacts
from the coastal area at the surface and upper levels, but the mid-level atmosphere trajectory
(blue: 500 meters) trailed through the San Joaquin Valley before reaching the monitor at Red
Hills. The trajectory tracked through the cumulative smoke emitted from the large northern
fires and transported to the south, with additional impacts from the Ferguson and Donnell
Fires (Figure 3-20a and III-20b).
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Figure 3-20a: August 9, 2018 HYSPLIT back trajectory (starting 8/9/18 10PST) with active
fire locations and NOAA HMS smoke plumes
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Figure 3-20b: August 9, 2018 HYSPLIT back trajectory (starting 8/9/18 10PST) with active
fire locations and MODIS Aqua satellite image

A forward look from all these fires (Figure 3-21a, III-21b, and III-21c) corroborates potential
for smoke intersecting the backward trajectory from the monitor. The thick smoke in the
central portion of California is evident in Figure 3-20b.
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Figure 3-21a: HYSPLIT forward dispersion results from Carr Fire in northern California –
at time of peak concentration at Red Hills (8/9/18 18UTC, 10PST)

Figure 3-21b: HYSPLIT forward dispersion results from Ranch Fire and River Fire
(Mendocino Complex) in northern California – at time of peak concentration at Red Hills
(8/9/18 18UTC, 10PST)
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Figure 3-21c: HYSPLIT forward dispersion results from Ferguson Fire and Donnell Fire in
central California – at time of peak concentration at Red Hills (8/9/18 18UTC, 10PST)

III. Event Related Concentrations and Long Term Trends
From August 3 through August 9, 2018, five exceedances of the 2015 8-hour Ozone NAAQS
occurred at the Red Hills monitoring site in the Eastern Portion of San Luis Obispo County
ozone nonattainment area. Specific wildfires impacted the site depending on the day, but
generally northerly winds transported wildfire smoke and ozone precursors from the
Mendocino Complex, Natchez, Carr, Donnell, Ferguson, and Turkey wildfires causing
elevated ozone concentrations at the monitor. Additionally, smoke from the Taylor Creek
and Klondike fires in Oregon was transported to the area, adding an additional smoke layer,
and likely contributed to higher than normal ozone concentrations on several days. Elevated
PM2.5 sensor concentrations and associated timing support the presence of wildfire smoke at
the site.
Figure 3-22 shows ozone and sensor PM2.5 concentrations at the Red Hills site from two days
prior through four days after the August 3 through August 9 exceedance event. The timing
of relative PM2.5 increases along with the elevated concentrations show strong connections
with ozone increases and the prolonged elevated ozone concentrations. At the start of the
event, PM2.5 and ozone concentrations rapidly rose more than 10-fold late in the day on
August 3, with the majority of ozone concentrations that contributed to the August 3
exceedance occurring during the overnight hours into early August 4, an abnormal pattern
for the site. In the early evening of August 6 (17PST), both PM2.5 and ozone registered the
highest values in the August 1 to August 13 timeframe. After falling overnight, PM2.5 values
rose 15-fold over three hours on August 7, with ozone concentrations peaking immediately
after. Overall, ozone concentrations were greater than 0.050 ppm for all hours where the
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PM2.5 sensor values were greater than 20 µg/m3, regardless of time of day. This consistent
relationship between high PM2.5 and elevated ozone values is supportive of a strong influence
by wildfire smoke.
Figure 3-22: 1-hour Ozone and 1-hour PM2.5 Concentrations at Red Hills

Recent trends show a gradual decrease in both design values and annual 4th highs for 8-hour
average ozone at the Red Hills monitoring site as shown in Figures 3-23 and Figure 3-24. The
2018 design value, which would have been below the standard if the trend continued,
remained above the 8-hour standard. Although concurrence of the requested exceptional
event dates in 2018 would not bring the site design value below the standard alone,
combined with concurrence of events in 2020 (separate documentation), the area will be in
attainment of the 2015 standard, as originally anticipated with the historical trend line.
Figure 3-23: 8-hour Ozone Design Values with Trend at Red Hills
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Figure 3-24: Annual 4th High 8-Hour Average Ozone with Trend at Red Hills

IV. Meteorological Conditions
Maximum daily temperatures were in or near the low 90s throughout the event but did show
a slight cooling period from August 5 through August 6 when temperatures only reached the
upper 80s. Maximum daily wind speeds generally remained in the 16-21 miles per hour (mph)
range, with the exceptions of August 3 and August 9 with slightly lower wind speeds of 13-15
mph. Winds on August 10 peaked at 27 mph.
Table 3-7: Maximum Daily Values of Temperature and Wind Speed on Exceptional Event
and Surrounding Days at Red Hills Monitoring Site
Date

8/1

8/2

8/3*

8/4*

8/5

8/6*

8/7*

8/8

8/9*

8/10

1hr Ozone (ppm)

0.054

0.054

0.070

0.078

0.047

0.081

0.075

0.075

0.076

0.062

8hr Ozone (ppm)

0.050

0.048

0.073

0.072

0.044

0.071

0.071

0.068

0.073

0.051

Temperature (°F)

94.1

93.9

94.1

92.7

88.2

88.3

90.3

92.1

95.2

91.2

Wind Speed (mph)

18.6

20.8

14.7

19.8

18

19.2

19

16.7

13.9

27.3

* Denotes Exceptional Event Dates Requested for Data Exclusion
Overall, maximum temperature and wind speeds fluctuated only moderately between days in
early August 2018, while maximum ozone concentrations varied significantly with a range of
0.034 ppm and 0.029 ppm for 1-hour and 8-hour ozone, respectively.
On August 3, the ozone concentrations that led to the daily exceedance did not even begin
climbing until 22PST, well after sunset and when the temperature had fallen below 80°F. The
lower temperature and lack of sunlight for photochemical production of ozone indicates that
the increasing ozone concentrations in the late hours of August 3 and early morning of
August 4 were the direct result of transport.
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The weather data supports that ozone directly related to smoke from the wildfires in
California and Oregon affected the Red Hills monitor and increased ozone concentrations
through transport and atmospheric formation. Unusual weather (other than the transport of
ozone and related wildfire smoke) was not a factor contributing to the exceptional event.

V. Air Quality/Health Advisories
The San Luis Obispo County APCD maintains a website with information on the impacts of
wildfire smoke and how fires are affecting the county. Residents are encouraged to sign up
for their AirAware-Mobile Alerts program. Health advisories were issued by the San Luis
Obispo County APCD for San Luis Obispo County and distributed by the district through the
district website, 28 county public health agency website, 29 National Weather Service Air
Quality Alerts, and the district’s Twitter feed. 30
Figure 3-25. Example of San Luis Obispo County APCD Better Breather Alert

San Luis Obispo County APCD, last accessed 7/29/21
San Luis Obispo County, Department of Public Health, last accessed 7/29/21
30
San Luis Obispo County APCD Twitter Feed, @SLOCleanAir, last accessed 7/29/21
28
29
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Advisories for this prolonged event were first issued on Monday July 30, 2018 with a Better
Breather Alert informing the public of the ongoing impact of wildfire smoke on much of the
district, warning of the potential for elevated PM2.5 and ozone concentrations, and that “until
the fires are put out, smoke will likely be intermittently present in our (San Luis Obispo)
region.” An updated Alert was issued on Monday August 6. Additional alerts and advisories
were sent out from August 6 through August 10, including updates pertaining to the nearby
Turkey Fire which was ignited on August 6. Copies of these advisories are included in
Appendix II.

VI. Media Coverage
The Red Hills area is sparsely populated, with the largest town located 25 miles to the west.
Media coverage of the area is scarce, but there was some coverage, particularly of the air
quality advisories released by the District (Appendix VI). The Turkey Fire, which ignited on
August 6, 2018, was extensively covered, with the smoke impacts in eastern San Luis Obispo
County of particular note (Figure 3-26).
Figure 3-26. Example of News Media Coverage 31

31

San Luis Obispo Tribune, Air quality alert: Smoke from California wildfires is impacting SLO County, 7/31/18
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Social media accounts of the Turkey Fire were also abundant (Figure 3-27 and Appendix VI).
Government accounts, such as CalFire and San Luis Obispo County APCD, as well as local
news media in Paso Robles, San Luis Obispo, and Monterey, kept the local community
informed of smoke impacts and fire growth potential via both Twitter and Facebook.
Figure 3-27. Example of Social Media Coverage 32

Clear Causal Relationship
This chapter addresses the “clear causal relationship” criterion per U.S. EPA’s exceptional
events guidance by providing 1) a comparison of the ozone data requested for exclusion with
historical concentrations at the air quality monitor, 2) a demonstration that the wildfire’s
emissions were transported to the monitor, 3) a demonstration that the emissions from the
wildfire influenced the monitored concentrations, and in some cases 4) a quantification of the
contribution of the wildfire’s emissions to the monitored ozone exceedance or violation.
For wildfire ozone events, U.S. EPA has defined a tiered approach that apply to the “clear
causal relationship” criterion based on key factors and is intended to lessen the evidence
required for more obvious and/or extreme events. These tiers require analyses to establish
the existence of wildfire emissions, transport to the exceeding monitor, and impact at the
monitor. Each tier is to be taken in order and are summarized below. Specific information
that is presented to satisfy these criteria can be found in the individual tier sections.
•
•

•

Tier 1: Exceedances are clearly higher than non-event related concentrations and have
occurred from a fire in close proximity to the exceeding monitor during a time or place
of historically low ozone concentrations;
Tier 2: This tier is used when impacts do not qualify for Tier 1 analysis, but
exceedances are higher than non-event related exceedances although may not be
“clearly” higher, and large fire emissions relative to the distance of the fire to the
monitor indicate a clear causal relationship;
Tier 3: This tier encompasses wildfires or impacts that are more complex and do not
qualify for Tier 1 or Tier 2 analysis, but additional analyses submitted as part of a
weight-of-evidence showing can establish a clear causal relationship.

This demonstration meets the purpose of U.S. EPA’s published guidance and provides the
evidence needed to concur on all requested exceptional event dates in 2018.
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CalFire SLO Twitter Post, 8/6/18
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I. Tier 1 Key Factor Analysis
This section provides the documentation requested for a Tier 1 analysis per the Guidance on
the Preparation of Exceptional Events Demonstrations for Wildfire Events that May Influence
Ozone Concentrations. 33 The Tier 1 analysis is for wildfires that clearly influence monitored
ozone exceedances or violations when they occur in an area that typically experiences lower
ozone concentrations. This includes establishing the seasonality and/or distinctive level of the
monitored ozone concentration as well as providing evidence that the wildfire emissions
were transported to the monitors. Analyses presented in this document include 2013-2018 8hour maximums (Figure 4-1) to show seasonality and non-event related concentrations,
proximity of wildfires (Section II of the Narrative Conceptual Model chapter), and transport of
emissions from wildfires to the Red Hills monitor (Section II of the Narrative Conceptual
Model chapter and Section III of this chapter).
The key factor for Tier 1 requires establishing the seasonality and/or distinctive level of the
monitored ozone concentration. The event-related exceedance occurs during a time of year
that typically has no exceedances or is clearly distinguishable (at least 0.005 ppm higher)
from non-event exceedances. Additionally, ozone impacts should be accompanied by clear
evidence that the wildfire’s emissions were transported to the location of the monitor.
Figure 4-1 shows that the exceedances at Red Hills occurred during the time of year where
ozone concentrations tend to be higher, and that these exceedances are not clearly
distinguishable from non-event exceedances as defined by guidance. Therefore, while these
exceedances were high for the season, they do not qualify for a Tier 1 analysis.

U.S. EPA, Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that May
Influence Ozone Concentrations, p. 13, last accessed 7/26/21
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Figure 4-1: Red Hills 8-Hour Daily Ozone Maximums by Day of the Year for 2013-2018

Although these exceedances do not qualify for Tier 1, evidence that the wildfire emissions
were transported to the monitors is needed for further Tier 2 and Tier 3 analyses. Transport
evidence is provided in Section III of this chapter as part of the Tier 3 analysis.

II. Tier 2 Key Factor Analysis
This section provides the documentation requested for a Tier 2 analysis, where ozone
concentrations are not clearly higher than non-event related concentrations nor do they
occur outside of the area’s normal ozone season, in effect not meeting Tier 1 requirements.
Tier 2 requires a demonstration that the impacts of the wildfire event on ozone are higher
than a non-event related concentration and that fire emissions compared to the fire’s
distance from the monitor indicate a clear causal relationship. Analyses include those
indicated in Section I of this chapter for Tier 1 as well as Q/D estimations, a more detailed
comparison of the event-related ozone concentrations with non-event-related high ozone
concentrations, and evidence that the emissions affected the monitor. The following sections
provide the documentation requested for a Tier 2 analysis per U.S. EPA guidance 34:

34

Ibid, p. 15
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Key Factor #1 - Fire emissions and distance of fire(s) to affected monitoring site
location(s), and
Key Factor #2 – Comparison of the event-related ozone concentrations with non-event
related high ozone concentrations.
Evidence that the fire emissions impacted the exceeding monitor are also required. This
evidence is provided with satellite evidence of smoke at the monitor (Narrative Conceptual
Model chapter and Section III of this chapter), graphs of nearby PM2.5 concentrations nearby
and in the same airshed (Section III of this chapter), and PM2.5 speciation data near the
wildfires impacting the monitor (Section III of this chapter), and differences in spatial and
temporal patterns (Section III of this chapter).

A. Key Factor #1 (Q/D)
Key Factor 1 requires determining the fire emissions (Q) and the distance (D) between the
wildfires to the affected monitor. CARB staff worked with U.S. EPA staff, and provided GIS
shapefiles delineating fire perimeters, start dates, and end dates of all California wildfires in
2018 retrieved from the National Interagency Fire Center (NIFC). U.S. EPA modeled the
wildfires and emissions, produced emissions estimates for the fires for each date, and
calculated the summed aggregate of emissions divided by the distance (Q/D) for each day
for each monitoring site.

1. Wildland Fire Emissions
Wildland fire emissions inside and outside the U.S. are estimated with the Fire Inventory from
the National Center for Atmospheric Research (NCAR) 35 for 2020. Other years (such as 2018
and 2019) are based on the SmartFire2 (SF2) 36 and the BlueSky 37 systems. U.S. EPA has been
using the Satellite Mapping Automated Reanalysis Tool for Fire Incident Reconciliation
version 2 (SmartFire2; SF2) and the BlueSky Framework to estimate wildland fire emissions in
the U.S. since 2005. SF2 is an algorithm and database system that combines multiple sources
of fire information and reconciles them into a unified GIS database. It reconciles fire data
from satellite sensors and ground-based reports, thus drawing on the strengths of both data
types while avoiding double-counting of fire events. 38
The BlueSky Framework estimates fuel type, fuel loading, fuel consumption, and emissions
based on the location, type, and size information provided by SF2 for each wildland fire in
the contiguous U.S. and Alaska. Fuel loading is based on the Fuel Characteristic Classification
System (FCCS) 39 module and fuel consumption is based on the CONSUME 40 module. The

Wiedinmyer et al., 2011
FireSmoke Canada, SMARTFIRE Algorithm Description, last accessed 7/29/21
37
USDA Forest Service, BlueSky Framework, last accessed 7/29/21
38
Larkin et al., 2020; Larkin et al., 2010
39
USDA Forest Service, Pacific Northwest Research Station, Fuel Characteristic Classification System, last
accessed 7/27/21
40
USDA Forest Service, Pacific Northwest Research Station, CONSUME; last accessed 7/27/21
35
36
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Fire Emissions Production Simulator (FEPS) 41 in the BlueSky Framework generated emission
factors for wildland fires.
Daily emissions estimates for each wildland fire are processed for input to photochemical
models using the Sparse Matrix Operator Kernel Emissions (SMOKE). 42 SMOKE is used to
apply a fire type-specific diurnal profile and allocates total emissions of NOx, ROG, and PM2.5
to specific model species needed for chemical mechanisms. Speciation profiles are based on
those available in the SPECIATE database. 43

2. Q/D Estimation
One approach to provide screening level information about wildland fire emissions’ impact
on ozone levels is to sum NOx and ROG emissions for each fire and divide by distance
between the fire and location of interest. Q/D is calculated using wildland fire emissions input
files for the Community Multiscale Air Quality (CMAQ) modeling system. Wildland fire
emissions input files for CMAQ have hourly emissions for each modeled species provided in
files for specific days. Each day of the year has a different CMAQ input file for wildland fire
emissions. Each emissions release point on the wildland fire CMAQ input file has daily total
emissions of NO, NO2, and ROG species summed. A set of gridded receptors is developed
that often matches a commonly used model domain like the 12 km contiguous U.S. domain
or 4 km California domain. The distance from each wildland fire is then calculated to each
gridded receptor. This process is repeated for each fire on each day specific emissions input
file. The Q/D for each fire in each grid cell is kept and then summed over all fires for that day
to derive a daily Q/D at each receptor location from all fires for that day. The CMAQ input
files do not have names associated with each of the wildland fire emissions release points so
tracking fire specific emissions with this process is not possible. It does however provide a
conservative estimate of wildland fire impacts since all fires are aggregated and it is possible
to window the emissions so that only a subset of the emissions input file emission release
points is used as part of the Q/D calculation (e.g., a box covering just the Pacific Northwest
region).

3. Q/D Method Discussion and Results
The summed aggregate Q/D approach agreed upon by CARB and U.S. EPA staff differs from
the published guidance, as the guidance weighted aggregate approach can lead to days
where calculations for multiple fires impacting a site led to aggregate Q/D values that are
less than an individual fire’s calculated Q/D. A summed aggregate Q/D approach is one
where emissions from wildfires are divided by the distance to a monitoring site, then
summed together without any weighting for days when supported by indications of
transport. This is a more accurate indication of multiple wildfire impacts at a site.

USDA Forest Service, Pacific Northwest Research Station, Fire Emission Production Simulator (FEPS), last
accessed 7/27/21
42
UNC, Institute for the Environment, CMAS, Sparse Matrix Operator Kernel Emissions (SMOKE) Modeling
System, last accessed 7/29/21
43
U.S. EPA, Air Emissions Modeling, SPECIATE, last accessed 7/29/21
41
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Further improving upon the summed aggregate Q/D approach, an “Effective Q/D” was
calculated to account for periods where a partial day of Q/D buildup impacts the monitoring
site or to attribute a percentage of an areawide summed aggregate Q/D when transport
from a wildfire arrives by a significantly (day or more) earlier or later time. This Effective Q/D
is calculated at the site for each day leading up to and including the days of the event for
screening.
For the purpose of this analysis, the “Daily Q/D” is defined as the summed aggregate
emissions of California based wildfires divided by each wildfire’s centroid distance to the
monitoring site. The Effective Q/D is the calculated adjustment of Q/D accounting for delays
in transport and location, allowing for better approximation for screening emissions impacts
at a site. As seen in Table 4-1, the Effective Q/D value was elevated for all dates being
requested for exclusion but did not exceed the required Q/D criteria value 100. No
requested dates qualify under the requirements for Tier 2 – Key factor #1.
Table 4-1: Estimated Q/D at Red Hills
Date

Exclusion
Request

8/1/2018
8/2/2018

Daily Q/D

Effective Q/D Contributions

25.368
24.242

None
None

Effective
Q/D
0
0

8/3/2018

Yes

26.464

8/1
+ 8/2

49.61

8/4/2018

Yes

31.286

8/1
+ 8/2
+ 8/3

76.074

34.691

None

0

8/5/2018

8/6/2018

Yes

36.064

50%(8/4)
+ 8/5
+ 25%(8/6)

59.35

8/7/2018

Yes

24.925

50%(8/4)
+ 8/5
+ 8/6

86.398

27.321

50% Effective 8/7

43.199

23.046

Effective 8/8
+ 8/8

66.245

8/8/2018
8/9/2018

Yes

Rationale
Prior day smoke cleared.
No smoke.
Estimate 8/1 was pooled then
surged southward with 8/2,
reaching site during 8/3.
Estimate summed aggregate
of 8/1 + 8/2 continued, plus
8/3 emissions transported to
site during 8/4.
Prior day smoke cleared.
Estimate about 50% of 8/4
was pooled plus 8/5
emissions transported to site
during 8/6, plus 1/4 worth of
8/6 - attributed to Turkey Fire
due to close proximity.
Estimate aggregate from
prior day continued, plus
remainder (75%) of emissions
from 8/6 reached site during
8/7.
Estimate 1/2 of prior day's
effective Q/D was cleared,
remainder persisted.
Estimate 8/8's effective Q/D
remained, plus 8/8's Q/D
reached site during 8/9.

B. Key Factor #2 (Comparison)
Key Factor #2 in a Tier 2 demonstration requires a comparison of the event-related ozone
concentrations with non-event-related high ozone concentrations. Statistical analyses of the
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exceedances must either demonstrate that exceedance concentrations are in the 99th
percentile of the 5-year distribution of ozone monitoring data, or one of the 4 highest ozone
concentrations within the year.
The Red Hills 99th percentile value for the ozone season (January through December) is
0.072 ppm. The dates being requested for exclusion due to wildfire exceptional events are
the top five concentrations in 2018 and in the 98th percentile for concentrations during the
prior 5-year distribution of data as shown below in Table 4-2. Since two days (August 6 and
August 7) are tied at 0.071 ppm and thus tied for 4th rank in 2018, all requested dates qualify
under the requirements for Tier 2 – Key factor #2.
Table 4-2: Top 10 Max Daily 8-hour Ozone Concentrations in 2018
Date

8-hr Ozone

2018 Rank

5-year Percentile

Event

8/3/2018

0.073

1

99

EE

8/9/2018

0.073

1

99

EE

8/4/2018

0.072

3

99

EE

8/6/2018

0.071

4

98

EE

8/7/2018

0.071

4

98

EE

9/26/2018

0.070

6

98

9/27/2018

0.070

6

98

11/18/2018

0.069

8

97

8/8/2018

0.068

9

97

10/27/2018

0.068

9

97

Adjusted 4th High

III. Tier 3 Weight of Evidence
The following sections provide documentation requested for a Tier 3 analysis per U.S. EPA
guidance 44 where the requested dates do not qualify for either a Tier 1 or a Tier 2 analysis.
The Tier 3 analysis utilizes a more difficult “weight of evidence” approach with additional
complex analyses to show a clear causal relationship between wildfire emissions and the
ozone concentrations at a site.
There are other required elements in a Tier 3 analysis:
1. Evidence that the emissions from the wildfire affected the exceeding monitor.
This requirement is met through evidence shown in Sections II and III of the Narrative
Conceptual Model chapter and Section III of this chapter, and particularly in the evidence of
an ozone/PM2.5 correlation (Figure 3-22) and the unusual ozone diurnal patterns seen in

U.S. EPA, Final Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that
May Influence Ozone Concentrations, p.25, last accessed 7/29/21
44

59

Figures 4-16 to 4-22. Local social media reports of smoke in the vicinity can also be found in
Appendix VI.
2. Evidence that the emissions were transported to the monitor.
This requirement is met through evidence given in the Narrative Conceptual Model chapter
and this chapter using both backward trajectory analysis from the monitor as well as forward
dispersion modeling from individual wildfires, satellite imagery and HMS satellite-derived
smoke layers, NAAPS satellite-derived aerosol model results, meteorological analyses, and
PM2.5 concentration data in regions intersected by backward trajectories from the monitor.
3. Additional evidence that the emissions caused the exceedance by reaching the ground
and affecting the monitors.
This requirement is met through the PM2.5 trajectory analysis in the following section.

A. PM2.5 Trajectory Analysis
PM2.5 concentrations at sites along the trajectory paths (Figure 4-2 and the list of PM2.5
monitoring sites below) from the Red Hills monitor show the impacts of the wildfires during
the early August ozone event at Red Hills (Figure 4-3). Concentrations were low at most sites,
except for sites in the San Joaquin Valley, until the afternoon of August 3. Concentrations in
the San Joaquin Valley, as well as at some sites in the San Francisco Bay Air Basin, suddenly
increased and remained high throughout August 4, decreasing in the late evening and for
most of the morning of August 5. Concentrations again rose in the afternoon and stayed high
at most sites in the San Joaquin Valley for the remainder of the event period. Sites in the
North Central Coast and San Francisco Bay Area Air Basins remained low. These patterns
followed the meteorological transport patterns discussed in the Narrative Conceptual Model
chapter.
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Figure 4-2: PM2.5 monitoring sites along trajectory paths
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List of PM2.5 monitoring sites along trajectory paths
a. San Joaquin Valley Air Basin PM2.5 sites
i. Bakersfield-California
ii. Corcoran
iii. Fresno-Garland
iv. Hanford
v. Huron
vi. Madera
vii. Merced-Coffee
viii. Modesto
ix. Tracy
x. Tranquility
xi. Turlock
b. North Central Coast Air Basin PM2.5 sites
i. Carmel Valley
ii. Hollister
iii. King City
iv. Salinas
v. Santa Cruz
c. San Francisco Bay Air Basin PM2.5 sites
i. Berkeley
ii. Concord
iii. Gilroy
iv. Livermore
v. Redwood City
vi. San Francisco
vii. San Jose-Jackson
viii. San Jose-Knox
ix. Oakland-International
x. Laney College
xi. San Pablo
xii. San Rafael
xiii. Vallejo
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Figure 4-3: PM2.5 concentrations at select sites along back-trajectories from the Red Hills
Monitor, August 1 to 9, 2018.
a. All sites

b. North Central Coast Air Basin
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c. San Francisco Bay Area Air Basin

d. San Joaquin Valley Air Basin

1. August 3, 2018
Tracing impacts on the Red Hills monitor backwards from the 00PST hour on August 4
(1 hour after the August 3 high value and the second of eight hours of increasing
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concentrations) indicates influence from the California coastal region well up to the Oregon
border as well as from the central portions of California, particularly the San Joaquin Valley
(Figure 4-4). The red line denotes the approximate altitude at the surface (100 meters (m)
above ground level to account for local terrain), with the blue line (500m) and the green line
(1000m) giving an indication of transport from higher in the atmosphere. The heights of these
back trajectories show that they all originated above 2000m near the Oregon border,
descending as they neared the monitor. The surface back trajectory (100m) reached ground
level while in the San Joaquin Valley when PM2.5 concentrations were increasing in the
afternoon and evening, seen particularly at Tranquility and Madera (Figure 4-5).
Unfortunately, the monitor at Huron, one of the few on the western side of the Valley, did
not collect data past 14PST.
Figure 4-4: NOAA HYSPLIT back-trajectory from Red Hills, August 4, 2018*

*starting at 8/4/18 00PST (08UTC) with height above ground level (left) and with 8/4/18 HMS smoke
layer (right).

65

Figure 4-5: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/4/18
00PST (08UTC)

The back-trajectory from 4am (04PST) on August 4 (the first of the two highest hours in the
8-hour ozone period that began on August 3) indicates influence from the California coastal
region was minimal, with greater impacts from the San Joaquin Valley (Figure 4-6).
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Figure 4-6: NOAA HYSPLIT back-trajectory from Red Hills, August 4, 2018*

*starting at 8/4/18 04PST (12UTC)) with height above ground level (left) and with 8/4/18 HMS smoke layer
(right).

The three different back-trajectory heights all indicate influence from the growing smoke
plume settling into the Valley. The surface back trajectory (100m) reached ground level while
in the San Joaquin Valley when PM2.5 concentrations were increasing overnight (Figure 4-7).
Livermore and Concord, further north and earlier in the trajectory path also showed the
higher concentrations seen in the north and potentially transported to the Red Hills monitor
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Figure 4-7: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/4/18
04PST (12UTC)
a. Following 100m height back-trajectory (red)

b. Following 500m height back-trajectory (blue)
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2. August 4, 2018
The back-trajectory from 5pm (17PST) on August 4, (the highest hour in the 8-hour ozone
period that began at 11am) indicates increased influence from the San Joaquin Valley (Figure
4-8). All three back-trajectory heights indicate surface influence in the 12 hours before
reaching the Red Hills monitor with the near-surface back trajectory (100m) showing groundlevel influence for most of the 36 hours of the modeled run. Monitors in the San Joaquin
Valley saw PM2.5 concentrations spiking mid-day on August 4 (Figure 4-9) before decreasing
to very low concentrations overnight.
Figure 4-8: NOAA HYSPLIT back-trajectory from Red Hills, August 4, 2018*

*starting at 8/4/18 17PST (8/5/21 01UTC) with height above ground level (left) and with
8/4/18 HMS smoke layer (right).
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Figure 4-9: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/4/18
17PST (8/5/18 01UTC)

3. August 6, 2018
The back-trajectory from 5pm (17PST) on August 6 (the highest hour in the 8-hour ozone
period that began at 1pm) indicates continued significant influence from the San Joaquin
Valley (Figure 4-10). The near-surface back trajectory (100m) showed ground-level influence
the entirety of the modeled run. Monitors in the San Joaquin Valley saw consistent PM2.5
concentration increases beginning the morning of August 6 (Figure 4-11) while monitors in
the North Central Coast Air Basin showed intermittent spikes in concentrations.
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Figure 4-10: NOAA HYSPLIT back-trajectory from Red Hills, August 6, 2018*

*starting at 8/6/18 17PST (8/7/21 01UTC) with height above ground level (left) and with 8/6/18 HMS smoke
layer (right).

Figure 4-11: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/6/18
17PST (8/7/18 01UTC)
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4. August 7, 2018
The back-trajectory from 2pm (14PST) on August 7 (the highest hour in the 8-hour ozone
period that began at noon) still shows continued influence from the San Joaquin Valley
(Figure 4-12). The near-surface back trajectory (100m) skirted the western slope of the San
Joaquin Valley when concentrations at Huron were high (Figure 4-13). Upper atmosphere
transport was clearly through the eastern portion of the San Francisco Bay Area, the western
portion of the Sacramento Valley, and through the middle of the San Joaquin Valley before
impacting the monitor at Red Hills.
Figure 4-12: NOAA HYSPLIT back-trajectory from Red Hills, August 7, 2018*

*starting at 8/7/18 14PST (22UTC) with height above ground level (left) and with 8/7/18 HMS
smoke layer (right).
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Figure 4-13: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/7/18
14PST (22UTC)

5. August 9, 2018
The back-trajectory from 10am on August 9 (the first of the two highest hours in the 8- hour
ozone period that began at 7am) indicates influence from the California coastal region, as
well as the San Joaquin Valley (Figure 4-14). The surface back trajectory (100m) dipped
briefly into the San Joaquin Valley while concentrations at Bakersfield-California were high.
Some influence from sites in the North Central Coast Air Basin (represented by King City) and
the San Francisco Bay Area when concentrations were peaking slightly, but the influence is
likely minimal. The mid-level trajectory (500m) dipped to near-surface levels while in the San
Joaquin Valley, likely providing the greater influence on air quality at the Red Hills monitor
(Figure 4-15).
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Figure 4-14: NOAA HYSPLIT back-trajectory from Red Hills, August 9, 2018*

*starting at 8/9/18 10PST (18UTC) with height above ground level (left) and with 8/9/18 HMS smoke layer
(right).

Figure 4-15: PM2.5 hourly concentrations at sites along back-trajectory starting at 8/9/18
10PST (18UTC)
a. Following 100m height back-trajectory (red)
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b. Following 500m height back-trajectory (blue)

B. Ozone
1. 8-Hour Ozone
Potential wildfire influenced exceedances from 2013 to 2017 (orange diamonds) were
analyzed for consideration of the impact upon historical exceedances, as shown below in
Figures 4-16a (all days) and 4-16b (all days over 0.065ppm). These impacted days were
determined by reviewing daily HMS smoke layers for historical exceedances and marked for
wildfire influence where smoke was indicated aloft near the Red Hills site. Although these
dates have not undergone the rigor of an exceptional events demonstration, as they did not
fulfil the regulatory determination requirement, concentrations are believed to have been
influenced by wildfire smoke and associated ozone precursors. The 2018 wildfire-influenced
exceedances, which impact the upcoming regulatory determination, are shown as red
triangles.
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Figure 4-16: Red Hills 8-Hour Daily Ozone Maximums 2013-2018
a. All Days
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b. All Days Over 0.065 ppm

2. 1-Hour Ozone
The following figures compare the daily diurnal pattern for each exceedance day with the
hourly diurnal percentiles for ozone from 2013-2017. Concentrations during August 3 (Figure
4-17) remain near to above normal throughout the morning and afternoon hours (excluding
the hours from 8am to 11am when there was no power at the monitoring site. Ozone climbs
above the 95th percentile after 9pm (21PST), strongly indicating transport as the pollution
source, as polluted air from the northern Mendocino Complex (Ranch and River Fires) reach
the site. Ozone values remain at or above the 95th percentile throughout the morning and
daytime during August 4 (Figure 4-18) as smoke persists through much of the day before
rapidly clearing the area after 8pm (20PST). Concentrations remain below or near average
throughout August 5 (Figure 4-19) while the area remains clear of smoke.

77

Figure 4-17: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/3/2018

Figure 4-18: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/4/2018
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Figure 4-19: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/5/2018

During August 6, elevated ozone concentrations are primarily driven by emissions from the
nearby upwind Turkey fire, which sparked at approximately 1pm (13PST) (Appendix VI), 45
with long distance contributions from the Mendocino Complex. Ozone temporarily decreases
overnight as containment is gained on the Turkey Fire but remains elevated with the
additional impact of smoke from the very long distance fires of Klondike and Natchez (Figure
4-20). During August 7, additional smoke and ozone precursors were transported to the site
from the Donnell, Ferguson, Carr, and Taylor Creek Fires, contributing to ozone
concentrations exceeding the 95th percentile (Figure 4-21).

45

Monterey Herald: Turkey Flats fire in South Monterey County fully contained after burning 2,225 acres
79

Figure 4-20: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/6/2018

Figure 4-21: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/7/2018

Ample smoke from seven active large wildfires continued blanketing the area during
August 8, keeping ozone concentrations elevated throughout the day and reaching a nearexceedance 8-hour concentration of 0.068 ppm (Figure 4-22). During the morning of
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August 9, ozone values climbed well above the 95th percentile for eight hours, leading to yet
another wildfire influenced exceedance (Figure 4-23).
Figure 4-22: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/8/2018

Figure 4-23: Percentiles for Seasonal 1-Hour Ozone for 2013-2017 compared with
8/9/2018
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C. Additional Supporting Ground-Level Evidence
1. Air Quality
In addition to an analysis of PM2.5 concentrations and transport and ozone diurnal cycles,
evidence of ground-level impacts of smoke on the monitor can also be indicated through
analysis of carbon monoxide (CO), nitrogen oxide (NO), nitrogen dioxide (NO2), or ROG, in
addition to speciated components. Unfortunately, neither site in the Eastern Portion of San
Luis Obispo County nonattainment area measures any of these pollutants. During the time of
this event, the South Coast Air Quality Management District operated speciation monitors at
several sites throughout the District, but the distance and intervening terrain make this data
unusable for this purpose.

2. Area Forecast Discussions
Area Forecast Discussions issued by the Los Angeles/Oxnard (LOX) office of the National
Weather Service (NWS) did not note any conditions leading to transport of smoke from other
areas of the state in the eastern portion of San Luis Obispo County. The NWS LOX office did,
however, issue Air Quality Alerts on August 7, August 8, and August 9, specific to the San
Luis Obispo mountains and interior valleys, including the area around the Red Hills Monitor.
The first of three Air Quality Alerts is shown in Figure 4-24, with the others included in
Appendix III.
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Figure 4-24: NWS Air Quality Alert – August 7, 2018, 08:10 PST

3. Satellite Smoke Indications
The smoke that enhanced the ozone reaching the Red Hills monitor in early August 2018
were primarily from the increasingly impacted San Joaquin Valley from the smoke filling
Northern California. Several tools are available to look at smoke in the areas that impacted
Red Hills.
The NOAA Hazard and Mapping System (HMS) Fire and Smoke Product is an analysis of
various satellite imagery to map out the scope and even to some extent thickness of smoke
layers. These products were extensively utilized in the Narrative Conceptual Model and Clear
Causal Relationship chapters of this document.
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NOAA Smoke Text Product 46 is a text-based analysis of satellite imagery. These products are
used to give an overall view of smoke origins, current locations, and potential transport. The
relevant Smoke Text Products issued from August 3 through August 9 are in Appendix V,
with two examples shown here. Although neither San Luis Obispo County nor the area are
specifically mentioned, Figure 4-25a notes smoke accumulating in the north, particularly the
Sacramento Valley, and further south into the San Joaquin Valley, where it was a primary
influence at Red Hills. Figure 4-25b makes mention of smoke extending to the Pacific coast
(and the North Central Coast Air Basin) and as far south as Baja California.
Figure 4-25: NOAA Smoke Text Products. August 5 and 7, 2018
a. August 5, 2018, 19UTC (11PST)

46

NOAA Hazard and Mapping System (HMS), Fire and Smoke Text Product, last accessed 7/29/21
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b. August 7, 2018, 1802UTC (1002PST)

4. NAAPS Global Aerosol Model
The NAAPS (Navy Aerosol Analysis and Prediction System) Global Aerosol Model is used to
predict the distribution of tropospheric aerosols using global meteorological fields. 47 The
model can provide smoke simulations in near-real-time with up to 120-hour forecasts. Of
particular interest are the total optical depth and smoke surface concentration outputs.
Aerosol optical depth (AOD) can give us indications of how much aerosol is in the
atmosphere, with higher AOD values corresponding with increasing levels of particulate
matter. The model can also give a simulation of AOD further broken down into sulfates, dust,
and smoke. In addition, the model can also simulate concentrations of smoke at the surface,
with darker colors indicating thicker smoke. Figure 4-26 shows the increasing AOD levels and
smoke surface concentrations at the Red Hills monitor at the beginning of the event, August
3. Additional AOD and smoke surface concentration model outputs from August 2 through
August 9 are shown in Appendix V and show the continued presences of smoke in the
eastern San Luis Obispo County area.

Naval Research Laboratory, Navy Aerosol Analysis and Prediction System (NAAPS) Global Aerosol Model, last
accessed 7/27/21
47
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Figure 4-26: Aerosol Optical Depth and Smoke Surface Concentrations, August 3, 2018

D. Conclusion
In early August 2018, smoke from several large wildfires throughout northern and central
California generated emissions that directly resulted in elevated concentrations at the ozone
monitor at Red Hills in the Eastern Portion of San Luis Obispo County nonattainment area.
Inspection of PM2.5 concentrations, satellite-derived smoke layers, and modeled trajectories
indicate pathways for the transport of smoke and associated precursors from the wildfires in
northern and central California downrange and into the surface boundary layer. This
supports the long-range transport of smoke, ozone precursors, and generated ozone that
mixed down to the surface at the monitoring site of Red Hills. Additionally, the monitored
ozone concentrations during multiple days were above the 95th percentile, and at some
points above the 99th percentile, of 1-hour ozone concentrations seen at that site in the
previous five summer ozone seasons. The one day during the period that was clear of smoke
(August 5) maintained a near normal diurnal ozone pattern, indicating that the lack of wildfire
generated emissions was linked with a reduction in ozone concentrations. All requested
dates for exceptional events were in the 98th percentile or higher of the prior 5-year
distribution of 8-hour ozone data and fall in the top 5 rank for 2018. Area forecast
discussions, satellite smoke products, and global aerosol modeling all indicated periods of
wildfire smoke aloft and at the surface during the requested event dates.
The comparisons and analyses provided in the Narrative Conceptual Model and Clear Causal
Relationship chapters of this demonstration support our conclusion that the numerous
wildfire events affected air quality in such a way that there exists a clear causal relationship
between the monitoring exceedances or violations as listed in Table I-4 and thus satisfies the
clear causal relationship criteria.
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Natural Event/Human Activity Unlikely to Recur
The Background and Narrative Conceptual Model chapters of this document provide
evidence that the event qualifies as a “Natural Event” as defined in 40 CFR 50.1(k). The fires
that impacted the Red Hills ozone monitor in San Luis Obispo County occurred on wildlands
that meet the definition in 40 CFR 50.1(n) and (o). When considering fire cause, "wildfires on
wildland initiated by accident or arson are considered natural events, and on a case-by-case
basis this treatment for wildfires may bear on the appropriate treatment of accidental and
arson-set structural fires.” 48
U.S. EPA generally considers the emissions of ozone precursors from wildfires on wildland to
meet the regulatory definition of a natural event at 40 CFR 50.1(k), and accordingly, CARB
has shown that this event is a natural event and may be considered for treatment as an
exceptional event.

Not Reasonably Controllable and/or Not Reasonably Preventable
The Background and Narrative Conceptual Model chapters of this document provide
evidence the wildfires impacting the ozone monitor at Red Hills in San Luis Obispo County
were natural events predominantly occurring on wildland in California. CARB is not aware of
any evidence clearly demonstrating that prevention or control efforts beyond those actually
made would have been reasonable. Therefore, emissions from the wildfires were not
reasonably controllable or preventable.

Public Notification
As presented in Sections V and VI of the Narrative Conceptual Model chapter, the San Luis
Obispo County APCD maintains a public alert system as well as a public information page on
their website to keep residents informed of potential wildfire smoke impacts. Examples of
the information released to the public is included in Appendix II.
The California Air Resources Board will hold a 30-day public comment period to solicit public
input regarding this demonstration. Notification of the public comment period will be posted
on the CARB website and emailed to interested stakeholders. Any comments received, and
CARB’s responses, will be submitted to U.S. EPA at the end of the 30-day public comment
period.

Summary/Conclusion
The Mendocino Complex (Ranch and River fires), Natchez, Carr, Donnell, Ferguson, and
Turkey Fires in California were the primary focus of these retroactive analyses and
discussions, with a lesser look at the additional contributions from the Taylor Creek and
Klondike fires in Oregon. These fires were all active producers of wildfire smoke and

48

81 FR 68233, Footnote 35
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emissions during part or all of early August 2018. These massive wildfires consumed over a
million acres of wildlands in California and Oregon while emitting vast amounts of smoke and
ozone precursors that were transported across much of northern and central California and
into parts of southern California as well.
On August 2, an initial pent-up pool of wildfire smoke and emissions from the Mendocino
Complex in northern California began surging southward, continuing along the Coastal
Range and reaching the Red Hills monitoring site, causing PM2.5 and ozone concentrations to
rapidly climb and persist from the late evening of August 3 into August 4. During the evening
of August 4 and August 5, conditions shifted, bringing in cleaner air from strong onshore
flow across the southern Coastal Range, clearing smoke to the east and allowing PM2.5 and
ozone concentrations to rapidly decrease and stabilize to near average levels. On the
morning of August 6, the Turkey Fire ignited 15 miles north of Red Hills with winds blowing
smoke and emissions directly towards the monitoring site, leading to enhanced ozone
concentrations. Additionally, daytime on August 6 and August 7 saw additional surges of
smoke and emissions from multiple northern fires impacting the Red Hills site, further
elevating PM2.5 and ozone concentrations. These concentrations continued to be elevated on
August 8 and August 9, with a continuing stream of smoke transported southward and
resulting in maximum 8-hour ozone concentrations near or above the standard.
This 2018 Red Hills Ozone Exceptional Events Demonstration supports the criteria for an
exceptional event as detailed in the 2016 Exceptional Events Rule 49 and Wildfire Ozone
Guidance. 50 This documentation used the following evidence to demonstrate the exceptional
event:
•
•
•
•
•
•
•
•
•

Ambient air monitoring data
HYSPLIT forward dispersion and backward trajectory analyses
Satellite imagery (both visible and detected products) and narratives
Wildfire smoke emissions estimates
Statistical historical concentration comparisons
Meteorological conditions
Air Quality District alerts and advisories
NOAA and HMS smoke products
Aerosol modeling

This Exceptional Events Demonstration clearly demonstrates justification for exclusion of data
for August 3, 4, 6, 7, and 9, 2018 due to an exceptional event under 40 CFR 50.14(c)(3)(iv).
The 2018 Red Hills Ozone Exceptional Events Demonstration has provided evidence that:
•

Describes the events causing the exceedance and a discussion of how emissions from
the event led to the exceedance at the Red Hills monitor;

81 FR 68216
U.S. EPA, Final Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that
May Influence Ozone Concentrations, p.25, last accessed 7/29/21
49
50
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•
•
•
•

Demonstrates a clear causal relationship between the wildfire emissions and the ozone
exceedances at Red Hills on August 3, 4, 6, 7, and 9, 2018;
Shows that event-influenced concentrations were unusual and above normal historical
concentrations;
Demonstrates the event was neither reasonably controllable nor reasonably
preventable; and
Verifies the event was multiple wildfires, all natural events or human activity that is
unlikely to recur at a particular location, all occurring predominantly on wildlands.

Table 8-1: Summary of Demonstration Criteria based on EER Requirements
Demonstration Requirement
Narrative conceptual model
Clear causal relationship
Historical analysis
Human Activity Unlikely to Recur or
Natural Event
Not Reasonably Controllable and Not
Reasonably Preventable

Reference
40 CFR 5.014(c)(3)(iv)(A)
40 CFR 50.14(c)(3)(iv)(B)
40 CFR 50.14(c)(3)(iv)(C)

Chapter
3
3, 4
2, 3, 4

40 CFR 50.14(c)(3)(iv)(E)

3, 4, 5

40 CFR 50.14(c)(3)(iv)(D)

3, 4, 6

Table 8-2: Summary of Procedural Criteria Based on EER Requirements
Procedural Requirement
Prompt Public Notification
Initial Notification of Potential
Exceptional Event Process
Public opportunity to review and
comment on demonstration

Reference
40 CFR 50.14(c)(1)(i)

Chapter
3, 7, Appendix II

40 CFR 50.14(c)(2)(i)

1, Appendix I

40 CFR 50.14(c)(3)(v)]

7

CARB recommends that U.S. EPA Region 9 concur with the 2018 Red Hills Ozone
Exceptional Events Demonstration and, pending the upcoming 2020 Exceptional Event
Demonstration submission including Red Hills, exclude data from the Red Hills Ozone
monitor for August 3, 4, 6, 7, and 9, 2018 from comparison to the NAAQS.
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Appendices
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I. Initial Notification and Air Quality Data
A. Initial Notification
Initial Notification Submitted to U.S. EPA on March 15, 2021. EEPID 665

92

93

B. AQS AMP350 Data
Data is currently flagged with the REQEXC Code “rt-Wildfire-U.S.”

94

II. District Alerts/Advisories
A. Better Breather Alert

Better Breather Alert, July 20, 2018

95

Better Breather Alert, August 6, 2018

96

B. Health Advisory

Health Advisory, August 6, 2018

97

C. Twitter Posts

SLOCleanAir, August 6, 2018

SLOCleanAir, August 7, 2018

SLOCleanAir, August 8, 2018

98

SLOCleanAir, August 8, 2018

99

III. Meteorological Information
A. NWS Daily Maps51
National Weather Service daily surface and upper atmosphere maps from August 3, 2018 to
August 9, 2018 showing conditions on each day of the event. Temperature and precipitation
maps indicate hot, dry conditions, which resulted in ideal conditions for wildfire ignition and
development.

51

NWS, Daily Weather Maps, last accessed 7/29/21
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101

102
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B. NWS Area Forecast Discussions/Air Quality Alerts 52

52

ISU, Iowa Environmental Mesonet, NWS Text Products, last accessed 7/29/21
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IV. Transport
A. HYSPLIT Forward Trajectory53
The forward dispersion tool of the HYSPLIT model was used to indicate how emissions from
the wildfires were transported toward the monitor. The estimated time of arrival from the fire
was used to indicate contributing wildfires to the concentrations at the monitor. The HYSPLIT
dispersion model was run from each major fire starting 36 hours prior to maximum ozone
concentration at the Red Hills site for each date. These dispersion model runs provide for
insight into a hypothetical plume of smoke spreading from each fire and the approximate
number of hours to reach an area. This provides for a generalized understanding of smoke
transport from a fire across a region, connecting a wildfire with smoke in satellite imagery,
and finding potential correlations at a site through analysis of plume coverage timing and
backwards trajectories when they overlap.
NOAA HYSPLIT Model (Gaseous Particles) indicates potential particle emissions from each
fire. Model times are in UTC (adjust -8 hours for Pacific Standard Time. Red dashed vertical
line is a South-North cross section at the longitude of Red Hills monitoring site (120.23135W).

1. Carr Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Conditions allowed for wildfire smoke from the Carr Fire (40.654N, 122.624W) to pool in the
Sacramento Valley during the evening of August 5 into August 6. Low level winds shifted
northerly and blew smoke southward along the eastern side of the Coastal Range during
August 7 and reached the Red Hills area around midday. The Carr Fire contributed to nearsurface smoke in the southern San Joaquin Valley region into August 9.

CARB acknowledges the NOAA Air Resources Laboratory, Real-time Environmental Applications and Display
System (READY), for the provision of the HYSPLIT-WEB transport and dispersion model used in this document.
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2. Donnell Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Near-surface smoke from the Donnell Fire (38.349N, 119.92W) built up along the central and
northern Sierra Mountains during the morning of August 6. Weather shifted, blowing lowlevel smoke southward into the southern San Joaquin Valley and Red Hills area during the
evening of August 7 through August 9.
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3. Ferguson Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Near-surface smoke was transported from the Ferguson Fire (37.655N, 119.886W) along the
southern Sierra Mountains, impacting much of the San Joaquin Valley on August 3 and 4, but
likely remained north and east of the Red Hills monitoring site. During late on August 4
through August 5, most smoke in the San Joaquin Valley was blown east and northeastward
over the Sierra Mountains allowing for the San Joaquin Valley to clear of smoke. On August
118

6, low level smoke builds along the Sierra Range, then filled across the Sacramento and San
Joaquin Valleys on August 7. By midday, smoke appears to impact the Red Hills area,
persisting through August 8, then thins on August 9.
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4. Klondike Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Low level smoke from the Klondike Fire (42.369N, 123.86W) pooled across southern Oregon
and northern California from August 5 to August 6. By midday on August 6, conditions
shifted with smoke transported southward across western California and the central Valleys.
Near-surface smoke reached the Red Hills area by late August 6 into early August 7. Smoke
continued streaming southward through the region through August 9.
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5. Natchez Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Conditions allowed low level smoke from the Natchez Fire (41.951W, 123.546N) to build up
across southern Oregon and northern California on August 5. These conditions changed on
August 6, when smoke was transported smoke southward across western California and
reached the Red Hills area by late August 6 into early August 7. Smoke persisted across the
San Joaquin Valley, with low level smoke likely impacting the Red Hills site through August 9.
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6. Ranch Fire (Mendocino Complex)
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Smoke from the Ranch Fire (39.243W, 123.103N) flowed primarily northeast and eastward
across northern California during August 2 and August 3. During August 3, conditions shifted
allowing for some near-surface smoke to move southward along the Coastal Range, reaching
the Red Hills area and western San Joaquin Valley by late August 3 into early August 4.
Smoke from the Ranch Fire appeared to decrease late August 4 before resurging into the
130

region again on August 6. Smoke continued to be transported across the Red Hills area
through August 9.
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7. River Fire (Mendocino Complex)
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Low level smoke from the River Fire (39.047W, 123.120N) was transported into the central
San Joaquin Valley on August 3rd then filled the western San Joaquin Valley and impacted the
Red Hills site during late August 3 into early August 4. Smoke cleared south and eastward
during late on August 4 into early August 5. Another surge of smoke streamed southward
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along the southern Coastal Range, reaching the Red Hills area on August 6. Low level smoke
persisted across the region through August 9.
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8. Taylor Creek Fire
NOAA HYSPLIT Model (Gaseous Particles) with releases starting 02/0000 UTC. Model results
below shown at 12 hour intervals starting August 2, 2018 06UTC.
Wildfire smoke from the Taylor Creek Fire (45.528W, 123.571N) built up across northern
California during August 5 into early August 6. Conditions late on August 6 allowed for
transport southward into the San Joaquin Valley, with smoke reaching the Red Hills site
during early to midday August 7. Smoke influence persists across the region through
August 9.
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9. Turkey Fire
NOAA HYSPLIT Model (Gaseous Particles) with release at 06/1800 UTC for rough late
morning estimation. 1 PUFF, NOT CONTINUOUS. Model results below shown at 3 hour
intervals starting August 6, 2018 21UTC.
Model results at 3 hour intervals.
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Smoke from the Turkey Fire (35.848W, 120.341N) blew southward to the Red Hills site 15
miles downwind. The site was directly impacted by wildfire smoke from a few hours after fire
start time to a few hours after containment..
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B. HYSPLIT Backward Trajectory54
NOAA’s HYSPLIT 55 model was used to determine simple back-trajectories showing the path
that an air parcel took for a specified period of time (here, 48 hours), starting at the Red Hills
monitor at times of peak concentrations on each day. Three height levels (red: 100 meters
(m); blue: 500m; green: 1000m) were used to indicate transport near the surface and in the
upper atmosphere.
Each section includes each hour of the violating 8-hour period and show consistent influence
from wildfires in the northern portion of the state that dispersed smoke and precursor
emissions into the atmosphere.

1. August 3, 2018 23PST to August 4, 2018 06PST
(August 4, 2018 07UTC to 14UTC)

54
CARB acknowledges the NOAA Air Resources Laboratory, Real-time Environmental Applications and Display
System (READY), for the provision of the HYSPLIT-WEB transport and dispersion model used in this document.
55
HYbrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT)
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2. August 4, 2018 11PST to 18PST
(August 4, 2018 19UTC to August 5, 2018 02UTC)
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3. August 6, 2018 13PST to 20PST
(August 6, 2018 21UTC to August 7, 2018 04UTC)
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4. August 7, 2018 12PST to 19PST
(August 7, 2018 20UTC to August 8, 2018 03UTC)
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5. August 9, 2018 07PST to 14PST
(August 9, 2018 15UTC to 22UTC)
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V. Satellite and Modeled Products
A. NAAPS – AOD and SSC56
NAAPS Global Aerosol Model – NAAPS Archive Product
Modeling results are presented for each day at both 5am (05PST) and 5pm (17PST) from
August 3 to August 9, 2018.
Aerosol optical depth is an indication of the amount of particles in the atmosphere using
their scattering and absorbing properties. An AOD of less than 0.1 is considered clean, with
higher AOD numbers indicating increasingly poor visibility. The NAAPS model separates the
potential sources into dust, sulfates, and smoke, depending on particle size.
The Total Optical Depth (top left panel) for each day shows smoke over California and the
Red Hills region. The Smoke Surface Concentrations (bottom right panel) show the varied
surface smoke levels on each day and indicate smoke at the surface level of the Red Hills
monitor area.

56

Naval Postgraduate Education, NAAPS Global Aerosol Model, last accessed 7/29/21
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August 3, 2018 @ 5am PST

August 3, 2018 @ 5pm PST
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August 4, 2018 @ 5am PST

August 4, 2018 @ 5pm PST
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August 5, 2018 @ 5am PST

August 5, 2018 @ 5pm PST
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August 6, 2018 @ 5am PST

August 6, 2018 @ 5pm PST
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August 7, 2018 @ 5am PST

August 7, 2018 @ 5pm PST
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August 8, 2018 @ 5am PST

August 8, 2018 @ 5pm PST
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August 9, 2018 @ 5am PST

August 9, 2018 @ 5pm PST
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B. NOAA Smoke Text Products57

57

NOAA Hazard and Mapping System (HMS), Fire and Smoke Text Product, last accessed 7/29/21
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VI. News and Social Media reports
A. News Media
1. July 30, 2018
KEYT.com: California Wildfires impacting air quality in San Luis Obispo
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2. July 31, 2018
San Luis Obispo Tribune: Air quality alert: Smoke from California wildfires impacting SLO
County
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3. August 6, 2018
KSBY.com: Fire crews head to Monterey County to fight ‘Turkey Fire’

San Luis Obispo Tribune: Heavy smoke from 2,000-acre fire near Parkfield hits SLO County
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4. August 7, 2018
Monterey Herald: Turkey Flats fire in South Monterey County fully contained after burning
2,225 acres
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Noozhawk.com: Smoke from California Wildfires Affecting Santa Barbara County Air Quality
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5. August 10, 2018
Paso Robles Daily News: California fires affecting air quality in Paso Robles
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San Luis Obispo Tribune: Smoke from California wildfires prompts air quality warning in SLO
County
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B. Social Media
1. July 31, 2018
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2. August 6, 2018
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3. August 7, 2018
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4. August 9, 2018
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