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I. EXECUTIVE SUMMARY 
The Olympic Region Clean Air Agency (ORCAA) maintains at least one air quality monitor in 

each of its six regulated counties: Clallam, Grays Harbor, Jefferson, Mason, Pacific, and 

Thurston. A saturation study is one method used to determine the best location for air monitor 

placement. The following report describes the year-long saturation study conducted in Grays 

Harbor County between October 1, 2022, and October 31, 2023.  

The goals of this study were to: 

• Determining whether the air monitor at Harbor High School in Aberdeen represents 

ambient air quality in Grays Harbor County 

• Evaluating variability in neighborhood scale ambient air quality 

• Identifying the primary sources of PM2.5 in the region 

• Finding a more representative location for the permanent air monitor if deemed 

necessary 

A combination of ORCAA owned and privately owned Purple Air sensors were used to 

complete this study. ORCAA staff collocated a Purple Air sensor with the air monitor at Harbor 

High School and placed additional sensors in Central Park and West Aberdeen. Six privately 

owned sensors across Grays Harbor County provided additional data and geographic coverage. 

These sensors were located in Hoquiam, Elma, Westport, Ocean Shores, Seabrook, and at Lake 

Quinault Lodge. 

Air quality in Grays Harbor County qualified as good, using the federal Air Quality Index (AQI), 

between 79 and 90 percent of the measured days at all nine sites. The rest of the days were 

considered moderate, with the exception of a few days in October 2022 when PM2.5 

concentrations reached Unhealthy for Sensitive Groups (USG) at several sites. This was due to 

smoke intrusion from wildfires burning in the east Cascades and southern British Columbia. 

The air monitoring site at Harbor High School in Aberdeen generally represented air quality in 

the county with the exception of two coastal sites. PM2.5 daily profiles at the Seabrook and 

Westport sites looked different from the inland locations. 

The primary Grays Harbor air monitor will remain at Harbor High School for two reasons: first, 

the site is generally representative of the county, and second, maintaining the historical air 

quality record at a single site provides valuable information regarding long-term trends in air 

quality. In addition, ORCAA staff will install two air quality sensors designed and built by the 

Washington Department of Ecology (Ecology). These sensors, named SensWA, are now being 

used in Grays Harbor. One SensWA was placed in Montesano, and another will be installed 

near Westport to monitor coastal air quality.  
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III. LIST OF ACRONYMS, UNITS, FIGURES AND TABLES 
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AQI – Air Quality Index 

ECY – Washington State Department of Ecology  

EPA – United States Environmental Protection Agency 

FEM – Federal Equivalent Methods 

FRM – Federal Reference Methods 

NAAQS – National Ambient Air Quality Standard 

OAPCA – Olympic Air Pollution Control Authority 

ORCAA – Olympic Region Clean Air Agency 

PA – Purple Air (Air Quality Sensors) 

PM – Particulate matter 

PM2.5 – Mass concentration of all atmospheric particles with diameters less than 2.5 

micrometers 

PM10 – Mass concentration of all atmospheric particles with diameters less than 10 

micrometers 

SensWA – A PM2.5 sensor developed and built by the Washington Department of Ecology 

TSP – Total suspended particulate 

USG – Unhealthy for Sensitive Groups 

Units 

nm – nanometer (0.000000001 meters) 

m – meter 

MPH – miles per hour 

µg – microgram (0.000001 grams) 
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IV. INTRODUCTION 
The Olympic Region Clean Air Agency (ORCAA) maintains at least one air quality monitor in 

each of its six regulated counties: Clallam, Grays Harbor, Jefferson, Mason, Pacific, and 

Thurston. County air monitors are placed in populated neighborhoods exposed to the poorest 

ambient air quality in the region. ORCAA defines ambient air quality as the air quality affecting 

an airshed or whole community and representing a mix of local, background, and transported 

pollutants. It does not refer to hyper-localized pollution dominated by a single source. A 

saturation study is one method used to determine a representative location for the county’s air 

monitor.  

Although many pollutants affect air quality, PM2.5 is the primary pollutant measured at most 

air monitoring sites across Washington. PM2.5 refers to the mass concentration of atmospheric 

particles having a diameter less than 2.5 micrometers (μm) and reported as micrograms per 

meter cubed of air (μg m-3). Health studies have shown that particles smaller than 2.5 

micrometers penetrate further into the body and more negatively impact human health 

relative to larger particles. Other pollutants monitored in Washington state include nitrogen 

oxides (NOx and NOy), carbon monoxide (CO), sulfur dioxide (SO2), and ozone (O3). Regional 

scale modeling indicates ambient concentrations of these pollutants are not high enough to 

warrant long-term monitoring in Grays Harbor County (IDEQ, 2018). This study looked only at 

ambient PM2.5. 

During a saturation study, field staff place air quality monitors in various locations across the 

geographic area of interest. The study may last a couple of months, a year, or multiple years 

depending on the objectives. Supplemental measurements, such as wind direction, wind 

speed, temperature, and relative humidity, may be used to provide additional information 

about air pollution sources and air quality response to weather conditions.  

Saturation studies are used to:  

• Determine the best location for each county’s air monitor, 

• Assess regional air quality variability, 

• Evaluate daily and seasonal air quality variability, 

• Identify primary sources of air pollution in a region, 

• Determine how changes in industry and/or population affect air quality. 

The following report describes the year-long saturation study conducted in Grays Harbor 

County between October 2022 and October 2023. A brief discussion of the regional air quality, 

industry, population, and climate is followed by a description of the study design, the 

monitoring network, data analysis, and results. 
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V. BACKGROUND 
This is the first saturation study to be conducted in Grays Harbor County. It is the fifth 

saturation study to be completed in ORCAA’s jurisdiction since 2010. Prior to this, ORCAA 

carried out saturation studies in Clallam, Jefferson, Thurston, and Mason counties. All 

saturation studies have been specific to PM2.5 pollution. 

Historical Air Quality Measurements in Grays Harbor County 

The earliest record of air quality monitoring in Grays Harbor dates to 1963, five years before 

the creation of the Olympic Air Pollution Control Authority (OAPCA). The agency’s name 

changed to Olympic Region Clean Air Agency (ORCAA) in 2002. The Washington Department of 

Health (DOH) conducted the first air pollution monitoring in Aberdeen, Hoquiam, and 

Cosmopolis between 1963 and 1968. They monitored particle fallout at four locations in 

Aberdeen and at the sewer treatment plant in Cosmopolis. The sites in Aberdeen and Hoquiam 

were listed as: Fire Station, Reservoir, and Emerson Hotel, now the Emerson Manor on the 

corner of Simpson and 7th Street in Hoquiam. DOH also measured 24-hour averaged 

concentrations of total suspended particulate (TSP) every six days at the Finch Building located 

on the corner of Heron and H Street in Aberdeen. These records are among the earliest known 

measurements of air pollution in ORCAA’s region. DOH collected similar data in Shelton and 

Neah Bay. 

After Washington state’s Clean Air Act (passed in 1967) allowed for the establishment of local 

clean air agencies, county commissioners from the six counties regulated by ORCAA, 

established OAPCA on March 24, 1968 (https://www.orcaa.org/about/history-of-orcaa/). 

OAPCA began monitoring ambient TSP concentrations at Aberdeen’s City Hall October 1969 

and at Elma City Hall later in 1970. In 1983, ORCAA added an air monitoring site in Cosmopolis, 

bringing the total number of air monitoring locations in Grays Harbor to three. By 1990, 

monitoring of TSP shifted to PM10. PM10 is the fraction of TSP comprising atmospheric 

particles with diameters less than 10 micrometers. PM10 is the inhalable fraction of TSP and 

thus relevant to human health. By 2001, ambient monitoring shifted again to focus on PM2.5, 

the fraction of particles with diameters smaller than 2.5 micrometers. These tiny particles can 

penetrate deep into the lungs and brain. They are more highly correlated to adverse health 

conditions compared with PM10 and TSP (Kloog et al., 2013). 

In August 2002, ORCAA installed a nephelometer and a Federal Reference Method (FRM) 

PM2.5 monitor at Harbor High School in Aberdeen, Washington. The nephelometer measures 

the amount of light scattered by small atmospheric particles (bscat). The FRM is a gravimetric 

(weight-based) measurement of the total PM2.5 mass per cubic meter of air. The light scatter 

measurements (Mm-1) linearly correlated with the FRM mass concentrations (Figure 1) and 

provided the equation and associated uncertainty used to convert bscat data to equivalent 

PM2.5. Based on routinely collected field blanks, the FRM method detection limit  is 2 µg m-3. 

https://www.orcaa.org/about/history-of-orcaa/


- Grays Harbor County PM2.5 Saturation Study - 

 

8 
 

The residual standard error (RSE) shows the converted bscat data accurately report daily 

averaged PM2.5 concentrations within 1 µg m-3. The FRM analyzer was removed from 

Aberdeen in 2003, but the nephelometer has continued producing hourly, near real-time 

PM2.5 data for over twenty years.  

 

 

Figure 1 FRM vs nephelometer light scatter data and equation used to convert light 
scatter to equivalent PM2.5 

 

Figure 2 depicts 21 years of daily ambient PM2.5 data in Grays Harbor, preceding and including 

this study. The data are shown as Air Quality Index (AQI) color categories. Grays Harbor, 

specifically Aberdeen, experiences the worst air quality in winter months. Prior to 2010, the 

daily AQI was moderate approximately 50 percent of the time between November and March. 

Over the last 15 years, winter air quality has steadily improved. During the summers of 2017, 

2018, and 2020, smoke from wildfires blanketed Grays Harbor and caused unhealthy and very 

unhealthy air quality for a few days. Fireworks associated with Fourth of July activities have 

consistently caused one or two moderate AQI days since 2014. 

 

PM2.5 = 25.6Bscat + 1.0
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Figure 2 Daily PM2.5 air quality data between 2003 and 2023 in Aberdeen, WA represented by Air Quality Index (AQI) color 
classification 

Climate 

Grays Harbor County is one of two Washington state counties whose entire border lies within 

50 miles of the Pacific Ocean. The proximity to the ocean helps keep Grays Harbor’s climate 

mild with warmer winters and cooler summers compared to the rest of the state. Winter 

temperatures typically fall between 35°F and 50°F and summer temperatures rarely exceed 

80°F. Coastal land and sea breezes help ventilate the county throughout the year, even when 

air stagnation episodes negatively impact nearby counties. This ventilation maintains generally 

good air quality across Grays Harbor despite widespread use of wood stoves, fireplaces, and 

outdoor burning. The average annual precipitation in Grays Harbor County is around 70 inches 

(https://www.weather.gov/wrh/Climate?wfo=sew). 

Population and Industry 

Grays Harbor County currently counts approximately 77,300 people as residents. The county 

has grown slowly but steadily, gaining between three and five thousand people per decade 

since 1990. Aberdeen is the largest city in the county boasting a population around 18,000. 

Hoquiam and Cosmopolis border Aberdeen and have roughly 9,000 and 1,700 residents 

respectively. Montesano, with a population around 4,500, serves as the county seat. In 

addition to these cities, Grays Harbor has five additional cities: Elma, McCleary, Oakville, Ocean 

Shores, and Westport, 24 census-designated places and 20 unincorporated communities. 

https://www.census.gov/quickfacts/fact/table/graysharborcountywashington/PST045224  

https://www.weather.gov/wrh/Climate?wfo=sew
https://www.census.gov/quickfacts/fact/table/graysharborcountywashington/PST045224
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There are 118 registered industrial air pollution sources in Grays Harbor County. More than half 

these sources are in Aberdeen, Hoquiam and Cosmopolis. Grays Harbor has six Title V1 sources. 

Three are classified as Title V sources due to emissions of criteria pollutants and three due to 

hazardous air pollutants emissions. Two Title V sources are in Aberdeen. The other four are in 

Hoquiam, Elma, McCleary, and Westport. At the start of this study another Title V source, 

Cosmopolis Specialty Fibers, operated in Cosmopolis under the regulatory authority of WA 

State Department of Ecology. In December 2022, the mill ceased operations and has yet to 

restart. Most of the industry in Grays Harbor centers around wood and forest products, 

including lumber and paper products. Other industries include boat manufacture and repair, 

and ocean products. 

VI. STUDY OBJECTIVES AND DESIGN 
The primary goals of this study were: 

• Determining whether the air monitor at Harbor High School in Aberdeen represents 

ambient air quality in Grays Harbor County. 

• Evaluating variability in neighborhood scale ambient air quality. 

• Identifying the primary sources of PM2.5 in the region. 

• Finding a more representative location for the permanent air monitor if deemed 

necessary. 

Instrumentation 

The Grays Harbor saturation study marks a new chapter in ORCAA’s air monitoring work. For 

the first time, ORCAA used privately owned air sensors in addition to those specifically placed 

by ORCAA staff. This increased the number of sensors from the four, used in previous studies, 

to nine for the Grays Harbor study. The sensors are commercially available Purple Air sensors. 

The sensors transmit their data directly to the Purple Air website where anyone can access it. 

ORCAA used Purple Air sensors during the Mason County Saturation Study, but nobody in the 

community had deployed them in appropriate locations useful for that study.  

During both the Mason County and the Grays Harbor County saturation studies, one Purple Air 

sensor was collocated with the nephelometer, the primary air monitor used by ORCAA to 

evaluate regional PM2.5. The nephelometer and the Purple Air sensors both use the light 

scattering properties of atmospheric particles to infer PM2.5 concentrations. As previously 

mentioned, comparing light scattering data to Federal Reference Methods (FRM) or Federal 

 
1 Title V – sources that emit or have the potential to emit 100 tons per year or more of any criteria air pollutant, 
10 tons per year or more of a single hazardous air pollutant, or 25 tons per year or more of combined hazardous 
air pollutants. 
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Equivalence Methods (FEM), demonstrates light scatter can be used to calculate PM2.5 

concentration with reasonable accuracy (Chow et al., 2002). 

Multiple studies confirm raw Purple Air PM2.5 data overpredict PM2.5 relative to established 

measurement methods, except for instances where dust is the primary source (Barkjohn et al., 

2022). Purple Air sensors are not sensitive to dust measurements (Jaffe et al., 2023). This 

overprediction varies from 50 to 300 percent, depending on the study environment. In humid 

regions, the Purple Air sensor overpredicts PM2.5 by a factor of two to three compared to drier 

regions where the Purple Air may agree with, or only be 1.5 times, the reference 

measurement. Atmospheric relative humidity (RH) affects particle size and therefore scattering 

efficiency (Hand & Malm, 2007). When RH reaches 75 percent, particles can double in size and 

can continue to grow as RH approaches 100 percent. The RH induced growth factor largely 

depends on chemical composition (Day et al., 2000) and particles may not return to the 

original (dry) size until RH is less than 40 percent. This means ambient RH at the time of 

measurement may not correlate to the particle growth factor. Since particle size determines 

light scattering efficiency, light scatter measurements can drastically overpredict atmospheric 

PM2.5 concentrations when particles have been exposed to high humidity. The nephelometer 

inlets are heated to keep RH in the detection cell below 50 percent and ensure all particles 

have returned to their original size when measured. The Purple Air sensors are not heated and 

in Aberdeen the reported raw PM2.5 was nearly 3 times the nephelometer PM2.5 (Figure 3).  

 

 

Figure 3 Hourly averaged nephelometer PM2.5 data vs. raw Purple Air PM2.5 data in winter and summer at Harbor High 
School, Aberdeen WA 
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ORCAA collocated one Purple Air sensor with the nephelometer at Harbor High School in 

Aberdeen and developed monthly correction factors using ordinary least squares linear 

regression between the hourly data obtained from the two instruments. The average 

correction factor for all months equaled 0.356 (+/- 0.04) * raw Purple Air data + 1.9 (+/- 0.3). 

The data shown in Figure 3 represent a subset of the collected data covering seasonal extremes 

and demonstrate no significant difference between the summer and winter data comparisons. 

Applying the average correction factor to all the Purple Air data at Harbor HS and comparing 

the daily averages with the nephelometer data resulted in a slope equal to 0.98 (+/-0.01), an R-

squared value of 0.96, and a RSE of 0.68 µg m-3. This correction factor was applied to all Purple 

Air data collected at the nine sensor sites.  

Sensor Locations 

Figure 4 shows the locations of the Purple Air sensors used in the Grays Harbor Saturation 

Study. ORCAA purchased and deployed three of the sensors: one collocated with the 

nephelometer at Harbor High School in Aberdeen (Figure 4, blue and red star), Central Park 

Elementary School, and at the Aberdeen School District Facilities building in West Aberdeen. 

The remaining six sensors were privately owned by community members. These are the 

sensors whose monthly data consistently passed quality control assessment as developed by 

EPA for use on the Fire and Smoke Map (Barkjohn et al., 2021). 

To be considered as valid data, the 

two sensors installed in each Purple 

Air unit must agree with the other 

within 2 µg m-3 or 5 percent, 

whichever is the larger value. At least 

18 hours of valid data needed to be 

collected each day for the daily 

average concentration to be included 

in analysis. Lastly, only sensors 

reporting valid data for the duration 

of the study were used in the final 

results, except for the Purple Air 

Sensor in Elma. In late April 2023, the 

Elma Timberland Library sensor, 

located at 118 N 1st Street, went off-

line permanently. Another sensor, 

located at Richard Lane approximately 1 mile away, came online on January 24, 2023. During 

nearly three months of overlap, the Richard Lane data generally mirrored the library data 

within a few μg m-3 (Figure 5). The library sensor was located in a more densely populated 

neighborhood and closer proximity to Hwy 12 and therefore PM2.5 concentrations were higher 

Figure 4 Map of sensors used in the study. The blue and red star denotes 
the reference monitor and collocated sensor. 

https://fire.airnow.gov/
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during several of the overlap days. Despite these differences, both sensors’ data were within 

the same AQI category, over 90 percent of the time. Rather than losing the Elma data 

completely, data from the Richard Lane sensor were used for the remainder of the study. 

 

Figure 5 Comparison between two Purple Air Sensors in Elma, WA 

VII. RESULTS 
This saturation study showed how well the permanent air monitor at Harbor High School in 

Aberdeen represents air quality throughout Grays Harbor County. Seasonal and daily PM2.5 

variability and meteorological data helped identify PM2.5 sources in the region. 

Inter-Site Comparison 

Air quality was classified as good (daily PM2.5 average < 5 μg m-3) or good+ (daily PM2.5 

average > 5 μg m-3 and < 9 μg m-3) over 90 percent of the measured days at seven of the nine 

sensor locations (Figure 6). The sensors in Westport and West Aberdeen recorded good or 

good+ air quality during 79 percent and 83 percent of the days respectively. The maximum 

number of data points possible at each site was 396. The legend in Figure 6 specifies the 

fraction of valid data collected at each site relative to the 396-day study duration. At least 75 

percent valid data were collected for all possible days at all sites. Power losses, poor 

communication, and other sensor malfunctions caused data loss at all sites. 
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Figure 6 Probability distribution plot showing the percent of days each sensor recorded an AQI category 

 

 

Figure 7 Tile plot of daily AQI at all nine sites, including the reference site collocated at Harbor HS 
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Figure 7 displays the data shown in Figure 6 as a time series and demonstrates general 

agreement across all sites in the timing of moderate, moderate+, and USG air quality days. One 

USG day was recorded in Aberdeen, Hoquiam, and Elma on October 15, 2022. Sensors in 

Central Park, Westport and Ocean Shores were off-line during this date. A satellite image from 

October 15, 2022 (https://worldview.earthdata.nasa.gov/), clearly shows the USG reading was 

due to widespread smoke intrusions from multiple wildfires burning in the Cascade mountains 

(Figure 8a). All sensors reported several moderate air quality days in late August 2023 when 

smoke from wildfires in Eastern Washington, Canada, Oregon and California mixed across 

Western Washington (Figure 8b).  

 

 

Figure 8 Terra/MODIS Satellite image of Washington, Oregon and Northern CA on a) October 15, 2022, and b) August 26, 2023. 
https://worldview.earthdata.nasa.gov/  

 

The largest data gaps occurred primarily between November 2022 and January 2023. These 

colder months coincide with home heating. Increased use of wood stoves and fireplaces cause 

higher winter PM2.5 concentrations relative to the rest of the year. It’s not known why 

privately owned sensors were off-line. ORCAA’s sensor in Central Park was solar powered with 

a battery back-up for night operation. During the shortest darkest days, the panel didn’t receive 

enough sunlight to properly operate the sensor and sufficiently charge the battery. These data 

gaps during the winter months may have caused a negative bias in the reported frequency of 

moderate or USG air quality days at some locations. 

https://worldview.earthdata.nasa.gov/
https://worldview.earthdata.nasa.gov/
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Seasonal PM2.5  

Excepting the Westport sensor, the PM2.5 daily AQI remained good over 90 percent of the 

recorded days at all sites during the summer months (April -September) (Figure 9). The 

Westport sensor reported 17 percent moderate summer days, while moderate days at all other 

sites made up only 3 to 6 percent of the days. Since neither the Ocean Shores nor the Seabrook 

sensors reported higher PM2.5 concentrations in summer, these moderate days were unlikely 

related to coastal sea salt or summer campfires.  

 

Figure 9 Probability distribution plot showing the percent of days each sensor recorded an AQI category during winter (Oct – 
Mar) and summer (Apr – Sept) 

During winter months (October – March) Ocean Shores saw the least number of moderate 

days, roughly 1 percent. The West Aberdeen and Westport sensors recorded the most 

moderate days at 27 percent and 25 percent respectively. All other sites: Aberdeen, Hoquiam, 

Central Park, and Elma, measured 10 to 13 percent moderate winter days. Moderate+ 

(between 20 and 35 µg m-3) days accounted for only 1 percent (+/- 0.3) of the measured winter 

days at all sites. Only sites in Aberdeen, Hoquiam, Central Park, and Elma measured moderate+ 

days in winter. The winter shift to higher PM2.5 concentrations matches previous saturation 
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study results conducted in Clallam, Jefferson, Mason, and Thurston Counties and reflects 

increased wood stove and fireplace use throughout the region.  

Although the West Aberdeen sensor recorded nearly double the number of moderate winter 

days relative to the reference site at Harbor High School, the absolute difference in PM2.5 

concentrations between the two sites was not as significant as the AQI difference makes it 

seem. The average difference in PM2.5 concentration between the two sites when the West 

Aberdeen sensor recorded a moderate AQI during winter was 2.2 (+/- 1.1) µg m-3 (Figure 10), 

with the Harbor HS sensor reporting PM2.5 concentrations either just above or below the 

moderate AQI threshold.  

 

Figure 10 Harbor HS sensor data compared to days when the West Aberdeen sensor recorded moderate values 
during winter 

Daily PM2.5 

Figures 11 & 12 show winter (Dec 2022 – Mar 2023) and spring/early summer (Apr – June 

2023) data averaged for each hour of the day at six of the nine sensor sites: Harbor High 

School, West Aberdeen, Central Park, Elma, Westport, and Seabrook. Clean air days, defined as 

daily average PM2.5 less than 4 μg m-3, do not provide sufficient data for identifying pollution 

sources. Since the clean air days greatly outnumber polluted days, including them in the 

analysis flattens and obscures hourly variability observed at each site when PM2.5 

concentration is higher. These “clean air” days were removed from the following analysis. 

Table 1 shows the number of days when PM2.5 was greater than 4 μg m-3 at each site during 

the winter analysis (107 days total) and the spring analysis (91 days total). After June, the days 

when PM2.5 met the 4 μg m-3 threshold were due to either July 4th or wildfire smoke and thus 

not included. 

These six sites represent 3 distinct environments in Grays Harbor County: urban, inland rural, 

and coastal rural. The Harbor High School and West Aberdeen sensors were classified as urban. 

Aberdeen is the largest city in Grays Harbor and borders Hoquiam, the 2nd largest city in the 

county. Aberdeen and Hoquiam have a combined population of 26,000. Central Park and Elma 
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in rural Grays Harbor, are smaller, with a population around 3,500 each. These sensors are 

labeled as inland rural. Finally, the Westport and Seabrook sensors were within 100 meters of 

the coastline and are designated as coastal rural. 

Table 1 Number of days PM2.5 exceeded 4 μg m-3. Total number of days possible shown in parentheses 

Site Name Winter (107) Spring (91) 

Harbor High School 34 27 

West Aberdeen 71 20 

Central Park 43 18 

Elma 17 13 

Westport 68 58 

Seabrook 14 16 

 

The urban sensors at Harbor High School and West Aberdeen had daily PM2.5 profiles typically 

found in areas where wood heating prevails. PM2.5 concentrations are highest at night and 

early morning and lowest during midday in both spring and winter. Both sensors measured 

very low midday PM2.5 concentrations in both seasons (Figure 11). This pattern indicates local 

wood heating as a primary source of winter PM2.5 in Aberdeen. Nighttime temperature 

inversions amplify this pattern by trapping pollutants near the surface. Radiative heating during 

the day creates atmospheric lift and air movement, diluting and transporting particle pollution 

away from the monitors. 

 

 

Figure 11 Winter (December – March) PM2.5 averaged by hour of the day at each site. Only days where the daily average 
PM2.5 concentration exceeded 4 µg m-3 were used. 
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The Central Park sensor displayed similar daily PM2.5 patterns in both seasons. The other rural 

sensor in Elma showed much less PM2.5 variability throughout the day during winter and 

almost none at all in spring/early summer. Average concentrations range from 4 to 6 μg m-3 

across all hours of the day. These data suggest wood heating as a primary source of PM2.5 

during the winter in Central Park, but less of an influence on the Elma sensor.  

 

 

Figure 12 Same as Figure 11 but for May – June 

The two coastal sites at Westport and Seabrook displayed very different daily profiles 

compared to the other more inland sites. In winter, both sites had an unusual midday peak 

averaging 7 to 8 μg m-3. The Westport sensor also picked up higher PM2.5 concentrations at 

night and in the early morning, while the Seabrook sensor measured minimal PM2.5 at night 

and in the morning. In spring/early summer, the daily profiles at both coastal sites look similar 

to the other study sites in Grays Harbor. Both show higher PM2.5 values between 8pm and 

midnight. It is unclear what caused the midday PM2.5 peak at the coastal sites during winter. 

One possible explanation is that higher winter winds and larger surf generated additional salt 

and sulfate particles which can contribute up to 3 μg m-3 to background PM2.5 (Hadley, 2017).  

Wind, Temperature, and Source Identification 

While PM2.5 emissions are the most important factor affecting atmospheric PM2.5, weather 

also plays a role, and meteorological data can help identify significant PM2.5 sources. Wind 

transports PM2.5 to or away from communities and other receptors. Higher wind speeds carry 

particles further, while also diluting PM2.5 more quickly. During hot, sunny weather, ozone and 

volatile organic compounds can create secondary organic aerosol and increase PM2.5 (Svendby 

et al., 2008). Extended dry periods allow conditions where more dust is ejected into the 

atmosphere. During cold winter weather, more homes are heated with wood heat which 
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increases local PM2.5 emissions. In rural areas like Grays Harbor residents often ignite land 

clearing fires or residential fires to get rid of yard waste during dry days in spring and fall.  

The following section uses meteorological data collected at Bowerman Airport to examine 

possible sources of PM2.5 impacting the reference monitoring site at Harbor High School, 

located 4.5 miles due east of the airport. Several years of data indicate winds are consistently 

westerly in the summer and easterly in the winter, which was observed during this study 

(Figure 13). A combination of the land sea breeze and synoptic scale weather patterns 

regulates these seasonal winds. In addition to increased wood heating in winter, easterly winds 

likely transport PM2.5 from higher population centers located inland and east of the 

community. In summer the dominant westerly winds off the Pacific Ocean help maintain good 

air quality and minimize continental wildfire smoke incursions in Grays Harbor. 

 

Figure 13 Wind rose generated from hourly meteorological data collected at Bowerman Airport, located 4.5 miles due east of 
Harbor High School 

Figure 14 shows the Harbor HS PM2.5 distribution as a function of wind direction for winter 

and summer months. Fireworks on July 4th caused some of the highest PM2.5 concentrations 

observed during the study period. Since these data were not tied to normal daily emission 

scenarios or meteorological conditions, data collected between July 4th 5 p.m. and July 5th, 8 

a.m. were removed from the following analysis. PM2.5 greater than 10 µg m-3 was more 

frequently observed when winds were easterly in both winter and summer, which indicates the 

main PM2.5 sources affecting the monitor at Harbor High School are east of the school. This 

includes downtown Aberdeen and continental air pollution, where larger cities like Tacoma and 

Olympia are located directly upwind. During the summer, westerly and southwesterly winds 

were also associated with PM2.5 exceeding 15 µg m-3. Almost all summer hours when PM2.5 

was greater than 15 µg m-3 were caused by wildfire smoke intrusion in late August (Figure 8). 

Easterly winds initially carried smoke into the region and out over the Pacific Ocean. When 

wind direction switched, westerly winds carried smoke back over Grays Harbor.  
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Figure 14 Winter and summer hourly PM2.5 concentration (measured at Harbor High School) as a function of wind direction. 

 

 

Figure 15 Scatter plot shows the relationship between hourly PM2.5, wind speed, and ambient temperature during the winter 
months.  

Most communities in the Pacific Northwest see the highest PM2.5 concentrations in winter 

when both wind speed and temperatures are low, below 10 mph and 40ºF respectively. Figure 

15 shows this to be the case in Aberdeen as well. As already stated, increased wood stove use 
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and reduced dilution by air movement explain these observations. The wind data did not 

resolve wind speeds of less than 3 knots, which were recorded as 0 knots. This relationship 

does not typically hold true during the summer months when high winds during warm dry 

weather can create atmospheric dust, or hot sunny days create conditions where ozone reacts 

with volatile organic compounds to produce aerosols, both of which increase PM2.5. 

VIII. Conclusion 
Air quality across Grays Harbor is generally good throughout the year. During this study, 79 to 

90 percent of measured days registered a “good” rating on the air quality index (AQI) at all 

sites. The remaining 10 to 20 percent were rated “moderate”, and less than 1 percent were 

considered unhealthy for sensitive groups or USG. None of the sensors measured any 

unhealthy or very unhealthy days. The highest PM2.5 concentrations, including the USG days, 

were caused by wildfire smoke intrusions. A combination of wood stove use and easterly winds 

carrying continental air increased PM2.5 levels in winter months compared to summer.  

Grays Harbor communities experience diverse weather patterns, and proximity to PM2.5 

emission sources also varies. The air monitor at Harbor High School, located in NE Aberdeen, 

generally represents regional air quality. There are some notable differences; in winter, coastal 

regions experience the highest PM2.5 concentrations in the middle of the day, while 

communities located further inland are more affected by PM2.5 at night. Due to the rural and 

forested environment in the county, large scale land clearing burns can occasionally cause 

hyper local air quality impacts not experienced by the rest of the county. Grays Harbor’s 

primary air monitor will remain at Harbor High School as it is important to maintain the long-

term historical record and no other, more suitable, location was identified. In 2026 an air 

sensor, designed and field tested by Ecology was installed at the fire station in Montesano. 

ORCAA staff plans to locate an additional sensor in Westport either in late 2026 or early 2027. 
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