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University of Missouri-Kansas City, 2021 

 

ABSTRACT 

This study investigates the impact of biomass burning smoke emissions from the 

Great Plains on Kansas City’s Air quality from 2015 to 2019 (5 years). The daily data of 

carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and particulate 

matter less than 2.5m aerodynamic diameter (PM2.5) were analyzed, with carbon 

monoxide being the major tracer for the emission of biomass burning among the four 

pollutants of air quality.  

Carbon monoxide monthly average baseline concentration for the 5 years studied 

was 5.07ppm, which was the lowest concentration of carbon monoxide observed during 

that period. Analysis for each year in the 5-year period was performed using the two highest 

peak months and identifying potential sources of carbon monoxide enhancement. 

Identification of peak months involved finding the two months with the highest averages 

for each year and plotting a daily time series for each of the two highest monthly averages 

to identify which day the peak occurred. A 5-day backward trajectory for each peak day 

was computed from the NOAA HYSPLIT website at 500m, 1000, and 1500m above 

ground level to track the path of air flow into Kansas City (KC). Fire detections for days 

leading up to the CO peak period were also plotted to link the emission of biomass burning 

to the enhanced level of CO in the Kansas City Metro Area. 
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The main objectives of this study are: (1) to understand the seasonality of fire-

related CO impact and its enhancement level and (2) to determine the co-occurrence of 

carbon monoxide with the other air pollutants in Kansas City during the 5-year period of 

study. Our results show that, during the 5-year study period (2015 to 2019), the 

enhancement of carbon monoxide was mainly due to biomass burning in the Northern Great 

Plains and the midwestern part of the United States. Kansas State in the Southern Great 

Plains also contributes to biomass burning pollution that impacts the KC air quality, with 

corresponding increases in nitrogen dioxide and PM2.5 around the same time period. 
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CHAPTER 1. INTRODUCTION 

Biomass burning is the burning of organic matter, and it can be from natural or 

manmade fires (Yadav, I.C., et al 2018). Its particulates impact climate and can also affect 

human health when they are inhaled, causing respiratory problems (Cole J., 2001). 

Examples of biomass materials include farm waste, forest leftovers, wood, and energy 

crops. Since biomass can technically be a direct fuel source, most individuals use biofuel 

and biomass terms interchangeably (U.S. Energy, 2018). Currently, more than one-third of 

the population globally depends on biomass materials such as charcoal, dung and wood for 

lighting, heating, and cooking (Fullerton, D.G., et al 2008). There is increasing interest in 

understanding the role of air pollution as one of the greatest threats to human health 

worldwide (Bălă, G. P., et al 2021). Nine of 10 individuals breathe air with polluted 

compounds that have a great impact on the main respiratory diseases such as chronic 

obstructive pulmonary disease, asthma, lung cancer, idiopathic pulmonary fibrosis, 

respiratory infections, bronchiectasis, tuberculosis which increase the mortality of the 

human population (Bălă, G. P., et al 2021).  

A Recent study showed that biomass burning has extensively expanded on the worldwide 

scale during the most recent 100 years, and forecast, hotter Earth in near future due to 

global warming leading to more frequent and larger fires in future (Yadav, I.C., et al 2018) 

The study objectives are to provide insights on the seasonality of fire-related CO impact, 

its enhancement level, and the co-occurrence of carbon monoxide with the other air 

pollutants for 5 years in Kansas City.  
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Pollutants Emitted During a Biomass Burning  

Burning biomass emits large amounts of pollutants, just like burning other solid 

fuels like coal. Burning organic material emits particulate matter (PM), nitrogen oxides 

(NOx), carbon monoxide (CO), sulfur dioxide (SO2), lead, mercury, and other hazardous 

air pollutants (HAPs) (PDFI, 2011). As burning occurs, it can release hundreds of years’ 

worth of stored carbon dioxide into the atmosphere in a matter of hours (L. Bennett, 2017). 

Burning will also permanently destroy an important sink for carbon dioxide if the 

vegetation is not replaced (Cole J., 2001). According to the US Environmental Protection 

Agency (EPA), the pollutants emitted from the burning of organic material include the 

following:  

CO: Carbon monoxide is the outcome of incomplete combustion that, when inhaled, 

interferes with oxygen absorption in the blood. Concentrations of CO from biomass boilers 

generally rise with fuel moisture; “good combustion practices” are frequently mentioned 

as the best control for CO concentrations. Carbon monoxide is treated under EPA’s “boiler 

rule” as a proxy for certain organic toxins that are assumed to increase as CO concentrations 

increase (PDFI, 2011). 

NO2: Nitrogen dioxide (NO2) is the indicator species for the NOx group of gases, which 

includes nitrous acid and nitric acid. It primarily forms when fuels are burned at high 

temperatures. These acidic gases directly impact respiratory health and contribute to the 

formation of ozone and condensable particulate matter (PDFI, 2011). 

Nationwide, the majority of NO2 is from the transportation sector, as of January 2010, the 

EPA set a new 1-hour standard for NO2 of 100 ppb in ambient air and retained the annual 

average pollution standard of 53 ppb (PDFI, 2011). 

SO2: Sulfur dioxide (SO2) exposure causes breathing difficulties for people with asthma 

and is also implicated in regional haze and acid rain formation.  
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A recent EPA risk assessment for SO2 concludes that definite health risks to asthmatics 

occur at concentrations significantly lower than the current 24-hour health standard for 

SO2. Research shows that “over 20 million people in the U.S. have asthma, and therefore, 

exposure to SO2 likely represents a substantial health issue.” Along with its direct effects, 

SO2 also contributes to the formation of fine particulate matter. EPA concluded that a new 

SO2 standard with a 1-hour averaging time would be more protective. As of June 2, 2010, 

EPA strengthened the National Ambient Air Quality Standards (NAAQS) for SO2 by 

adding a 1-hour standard set at 75 ppb (PDFI, 2011). 

Particulate Matter 2.5: Fine particle concentrations arise from direct ash concentrations 

from combustion at energy plants, but also concentrations of sulfur dioxide, nitrogen 

oxides, ammonia, and volatile organic compounds. Two size classes are recognized in 

regulatory schemes: PM10 and PM2.5, with the numeric value referring to the particle size 

upper limit in microns (a micron is one-millionth of a meter).  Thus, PM2.5 is a subset of 

PM10. There is no current health standard for PM10; the EPA’s 24-hour and annual exposure 

standards for PM2.5 are 35 micrograms per cubic meter (µg/m3) and 15 µg/m3. The 

EPA’s most recent risk assessment for PM acknowledges that the current standards are 

insufficiently protective and indicates that the agency will be lowering the National 

Ambient Air Quality Standards (NAAQS) for PM2.5 once more (PDFI, 2011) 

 

NAAQS Table 

The Clean Air Act, which was last amended in 1990, requires the EPA to set 

National Ambient Air Quality Standards (NAAQS) (40 CFR part 50) for six airborne 

pollutants which can be harmful to public health and the environment. 

(https://www.epa.gov/criteria-air-pollutants/naaqs-table) 

https://www.epa.gov/criteria-air-pollutants/naaqs-table
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The Clean Air Act identifies two types of national ambient air quality 

standards. Primary standards provide public health protection, including protecting the 

health of "sensitive" populations such as asthmatics, children, and the elderly 

(https://www.epa.gov/criteria-air-pollutants/naaqs-table).  

Secondary standards provide public welfare protection, including protection 

against decreased visibility and damage to animals, crops, vegetation, and buildings. 

(https://www.epa.gov/criteria-air-pollutants/naaqs-table) 

TABLE 1.1: National Ambient Air Quality standards 

Pollutants  Primary/secondary  Averaging 

time   

Level  Form  

Carbon Monoxide Primary  8 hours 9 ppm Not to be exceeded more 

than once per year 1 hour  35 ppm  

Nitrogen dioxide  Primary 1 hour 100 ppb 98th percentile of 1-hour 

daily maximum 

concentrations, averaged 

over 3 years 

Primary and 

secondary  

1 year 53ppb Annual Mean 

 

Particle pollution 2.5 Primary 1 year 12.0 μg/m3 annual mean averaged 

over 3 years 

Secondary  1 year  15.0 μg/m3 annual mean averaged 

over 3 years 

Primary and 

secondary  

24 hours  35 μg/m3 98th percentile averaged 

over 3 years 

Sulfur dioxide  Primary 1 hour 75 ppb 99th percentile of 1-hour 

daily maximum 

concentration averaged 

over 3 years  

Secondary  3 hours  0.5 ppm Not to be exceeded more 

than once a year  

Source: https://www.epa.gov/criteria-air-pollutants/naaqs-table 

 

 

https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
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Impacts and Period of Biomass Burning on America’s Great Plains 

Over the years, wildfire has been a common phenomenon in both the Southern and 

Northern parts of the abundant plains of the United States. Fire managers have laid down 

efforts to reduce the effects of smoke on societal well-being by implementing 

recommended fires when the meteorological conditions favor smoke dispersion. The wind 

is anticipated to drift away smoke from the public or sensitive receptor sites. Nevertheless, 

smoke incursions are still evident due to unforeseen weather patterns or erroneous 

forecasts. Besides, numerous long-range transport cases have been seen both 

intercontinental and continental (Starns et al., 2020).  

The rising status of prearranged fire as a means of rangelands restoration in the 

Great Plains area of the United States of America merits thorough quantifications of 

discharges from biomes particular to this region. For the recent three decades, the Great 

Plains have realized an increased occurrence of wildfires analogous to the western part of 

the United States, partly attributed to woody plant invasion (Donovan et al., 2017). 

Ironically, the invasion results from land management practices, including fire suppression 

and inadequate livestock management practices (Archer et al., 2017). While most biomass 

burning in the Great Plains takes place during the end of the spring season, it can also take 

place in different seasons and periods. 
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Figure 1.1: Map of the Northern and Southern Great Plains  

Biomass burning should not be underrated, as it produces weighty air pollution that 

has effects on air quality, climate, and public wellbeing. Extensive research has been 

conducted on virtually every aspect of biomass burning for the sake of quantifying 

concentration and measuring its effects (Donovan et al., 2017). Kansas City is one of the 

world cities where biomass burning has chiefly received recognition; research into efforts 

devoted to assessing its impacts has been on the ground. Consequently, indoor, and outdoor 

biomass burning, including wildfires and anthropogenic activities, diminishes air quality 

and affects human health by giving rise to various diseases resulting from poor air quality, 

such as lung cancer and cardiovascular events, among others. 
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However, if the authorities do not set mitigation measures of the situation here, 

these areas would supposedly get attributed to the ecosystem's irreversible changes. 

Biomass burning is a significant concern in the Great Plains and worldwide. As seen with 

the great tables, air quality gets significantly diminished by releasing air pollutant gases 

such as sulfur, carbon dioxide, phosphorus, nitrogen, and smoke’s particulate matter in the 

atmosphere as biomass continues to get burnt. Henceforth, we should undertake extensive 

research to fill the knowledge gap and set strategies meant to regulate biomass burning to 

counter adverse effects likely to occur in the future. 
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CHAPTER 2. A LITERATURE REVIEW 

Fire managers attempt to minimize the impacts of smoke on public health by 

executing prescribed fires when weather conditions favor smoke dispersal and wind is 

predicted to carry smoke away from heavily populated areas or sites with sensitive 

receptors such as homes or roads (Weir 2009). However, smoke incursions may still occur 

because of inaccurate forecasts or unforeseen weather changes (Starns et al 2020). 

Furthermore, several instances of long-range transport have been observed at a continental 

and even intercontinental scale (Jaffe et al. 2004; Craig et al. 2015). The increasing 

prominence of prescribed fire as a method for restoration of rangelands in the Great Plains, 

US, warrants more thorough quantification of concentrations from fuels specific to the 

region (Starns et al 2020). 

In a trend like the western United States, the Great Plains region has experienced 

an increase in wildfire occurrence over the past three decades (Donovan et al. 2017), which 

can be attributed in part to an invasion by woody plants (Starns et al 2020). Ironically, the 

woody plant invasion is the result of land management practices, particularly poor livestock 

management and direct fire suppression (Briggs et al. 2005; Archer et al. 2017). If left 

unchecked, this invasion may result in irreversible changes to the ecosystem and lead to 

alternative stable states (Twidwell et al. 2013a). Millions of hectares of rangeland in the 

Southern Great Plains have been invaded by woody plants and may be susceptible to such 

transitions (USDA NRCS 2018). Prescribed fire has been identified as a possible method 

for restoration of encroached rangelands (Twidwell et al. 2016) and described as the most 

cost-effective method for improving productivity for livestock (van Liew et al. 2012). 

Prescribed fire combined with grazing has also been suggested as an effective method to 

manage the rapid growth of herbaceous biomass, thereby mitigating wildland fire behavior 

(Starns et al. 2019).  
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In addition to restoration by fire, these ecosystems require frequent fire to maintain 

grassland structure and productivity and prevent invasion by woody plants (Fuhlendorf et 

al. 1996; Briggs et al. 2005; Twidwell et al. 2013b). In the Southern Great Plains (states of 

Kansas, Oklahoma, Texas, Nebraska), more than 1 million ha were treated using prescribed 

fire in 2017, in addition to nearly 700 000 ha affected by wildfire (Melvin 2018; NIFC 

2019). 

Despite wildfires being a standard component of the Great Plains’ ecosystem 

evolution, research shows that large wildfires have increased in the savanna and grassland 

biomes (Donovan et al., 2017). On average, large wildfires increased from approximately 

33% per year in 1985 to 1995 to 116.8% per year from 2005 to 2014 (Donovan et al., 2017).  

Notably, the constant rising magnitude of wildfires in the Great Plains between 

1984-2011 has been heightened by drought severity (Dennison et al., 2014). The Great 

Plains wildfires worsened by seasonal precipitation shifts, temperature increases, and 

severe droughts will negatively affect the climate and air quality (Starns et al., 2020). Due 

to wildfires' social, economic, and ecological effects, these wildfires should receive more 

attention and the urgent need to address human and livestock-related challenges, our 

preparedness, and environmental mitigation measures with respect to wildfires should be 

evaluated.  

 Air Pollution does not only come from the Great Plains grasslands wildfire or 

biomass burning emissions but also in other sectors, including highways, coal power plants, 

and industries. Great Plains states including Missouri have experienced constant 

development over the past few decades resulting in an increase in coal power plants, 

industry, and highways. All these components contribute to the release of harmful gases 

such as carbon dioxide, nitrous oxide, sulfur, and phosphorus gases, resulting in a 

deterioration of the region's air quality. Poor air quality is associated with several issues, 



  
 

 10 

including harsh climatic conditions, human health-related problems, and negative impacts 

on biodiversity.  

The Kansas City metropolitan area typically experiences ten to fifteen days of bad 

air quality annually. On these days, the air quality falls below the federal standards 

predominantly due to high concentration levels of ground-level ozone.  Additionally, 

hydrocarbons and dust released from industry and automobiles are common culprits of the 

city's low-quality air, forming smog. However, over the last two years, ozone pollution has 

been improving, with the latest statistics ranking Kansas City as the 62nd most polluted 

city down from according to the 2018 "State of Air" reports from the American Lung 

Association (Zhang et al., 2020).  

 

Kansas City Air Quality 

Kansas City is the largest city in Missouri by population and geographic area. The 

city had an estimated population of approximately half a million, according to the United 

States Census bureau in 2019. In early 2021, Kansas City’s air quality was categorized as 

"moderate" with a United States AQI (Air Quality Index) reading of 63. The classification 

is in line with WHO guidelines for acceptable air quality. A view of air quality measures 

released in the last several years has shown constant improvements with readings below 

ten µg/m³ (Zhang et al., 2020). Kansas City’s air quality has been improving every year 

and it’s projected to get better in the future. 

 

Kansas City’s Policies on Air Pollutants 

Kansas City has set ambient air quality standards which have contributed to gradual 

improvements in air quality. These policies include restricting particulate matter 

concentrations from industry, odor concentration policies, visible contaminant restrictions, 
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open burning constraints, and maximum allowable concentration restraints. Furthermore, 

the city has agencies that periodically measure air contaminant concentrations and advise 

on minimizing them. 

The Effect of these Pollutants on Human Lives 

Air pollution's immediate impact on human health varies from altered lung 

function, heart issues, and other complaints and symptoms related to a rise in mortality 

rates and hospital admissions due to cardiovascular and respiratory problems.  

According to the United States Environmental Protection Agency (EPA), inhalation 

of particulate pollutants like PM2.5 is associated with premature death (Sarigiannis et al., 

2014). The health effects of PM2.5 are related to exposure levels, with both urban and rural 

residents currently at risk. 

Chronic exposure to particles poses a greater risk of cardiovascular and respiratory 

illness and lung cancer. In developing cities, indoor stoves, and open fire combustion 

heightens the risk of acute lower respiratory infections and childhood mortality. 

Additionally, indoor particulate pollution is a primary risk factor for obstructive pulmonary 

ailment and lung cancer in adults (Sarigiannis et al., 2014). Cities experiencing higher 

levels of pollution have mortality rates of up to fifteen to twenty percent compared to 

cleaner cities (Giles-Corti, et al., 2016). Even in the EU, life expectancy is eight months 

lower due to PM2.5 exposure generated from anthropogenic activities (Kiesewetter et al., 

2015). 
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CHAPTER 3. THE HISTORY OF KANSAS CITY AIR QUALITY 

Kansas City's origins date back to the early 1800s when French traders occupied 

the land and constructed cabins surrounding the Missouri River. Kansas was established in 

1836 (Frehner, 2020). A few years later, the town’s occupants started erecting commercial 

buildings along the Missouri River bluffs. Additionally, several railway lines and a bridge 

across the river were completed after the Civil War as the city’s population blossomed. As 

the city's population rose, its trade flourished as netizens gathered to trade on livestock and 

other goods. Besides, development was evident as the wealthy constructed mansions on 

Quality Hill in Kansas (Frehner, 2020). 

The latter decades of the 19th century were marked with much prosperity in Kansas 

City which enhanced the building boom resulting in several iconic city structures. These 

structures include but are not limited to the Trade Board of 1888, the Convention Hall of 

1899, and the New York Life of 1890. During this development period, architectural 

organizations in Boston, New York, and Chicago established offices in Kansas to secure 

the advantage of the city’s construction boom (Frehner, 2020). The city also found more 

cable roads than other cities to shuttle people to and from popular areas. In 1906 and 1907, 

the city gave rise to new skyscrapers and electricity, respectively. In the 1920s, more 

developments in the Southern part were seen along with significant commercial growth in 

the downtown area of the city (Frehner, 2020).  

For the past 20 years, Kansas City has shown advancement in business and 

downtown locations which have added to regeneration. In the past decade, the city has 

made its environment conducive for living and working. The building of the Power and 

Light District boosted commerce and revitalization. Notably, through the whole 

development and history of Kansas City, coal power industries, highways, industries, and 

car ownership have constantly been evolving.  



  
 

 13 

However, the city dweller has shifted from using indoor stoves, firewood, and 

animal fuel to more advanced energy sources (Frehner, 2020). These developments have 

in several ways contributed to the improvement of the air quality of the city at large. 

 

Figure 3.1: Map of Kansas City showing Air monitoring locations.  

 

The air quality, climate, and population increase of Kansas City from 2015 to 2019. 

According to a report released by the American Lung Association in Kansas, the 

city's air quality has significantly improved with reduced ozone pollution. This saw the city 

being ranked as the 62nd most polluted in the nation in 2019 with “moderate air quality” 

(Cromar et al., 2019).  
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However, despite the reduced release of particle pollution, smog, and outdoor air 

pollutants, the city's climate has been significantly affected over the years. Air quality 

reports assert that warmer temperatures resulting from climate changes contribute to 

ground-level ozone formation, which is hard to clear (Law 2010). 2016 marks the hottest 

year on record in United States records due to warm temperatures (Thompson 2017).   

Nevertheless, ozone pollution has been on a constant decrease nationwide due to 

clean-up strategies employed on critical sources of concentrations that create ozone, 

particularly vehicles and coal power plants. Demographically, Kansas City has seen a 

significant rise in its population between 2015 to 2019. Consequently, the city had a 

population of approximately 500,000 by 2019, increasing from 467,990 in 2015. 

 

Kansas City Highways and Industries. 

As the city continues to develop, there has been a high automotive demand from its 

occupants as well as industries. The city highways have recently seen high traffic (rush 

hour period and seasons) and more concentrations from the ever-growing industries. Thus, 

automotive gaseous products such as carbon dioxide from fossil fuel combustion pollutes 

the air leading to health effects and climatic changes. Also, industries in the city contribute 

to particulate concentration (smoke, soot, and dust) and harmful gases, which hastens the 

degradation of the city's air quality. However, due to air purification policies and measures 

set by United States environmental agencies, Kansas City air quality has been minimized. 

The agencies advocate those vehicles and industries be fitted with cleaners to keep the 

population away from released air pollutants' harmful effects. 
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Interstate 35 (I-35) is an interstate highway that stretches from Laredo, Texas, in 

the south to Duluth, Minnesota, in the north. It passes south of Kansas City, Missouri, 

through the downtown loop and across the Missouri river before leaving the downtown 

area (Google 2008). Along the Northern edge, I-35 runs concurrently with the interstate 70 

(I-70) immediately west of Broadway and carries six lanes of traffic with a speed limit of 

45mph(72km/h) (https://en.wikipedia.org/wiki/Interstate_35_in_Missouri).  
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CHAPTER 4. DATA DESCRIPTION AND METHOD OF ANALYSIS 

Daily secondary data for 5 years (2015 to 2019) was retrieved from the Missouri 

Department of Natural Resources. These data included carbon monoxide, nitrogen 

dioxide, sulfur dioxide and particulate matter 2.5. 

Carbon monoxide, particulate matter 2.5, and nitrogen dioxide were recorded using 

a Near-Road Monitor in Blue Ridge I-70, Jackson County, Kansas City, Missouri. The 

Missouri Department of Natural Resources selected this spot for a near-road air monitor in 

Kansas City after analyzing traffic-related data and evaluating locations that met EPA's 

criteria for air monitoring sites(https://dnr.mo.gov/env/esp/aqm/troost.htm). These criteria 

stipulate those monitors must be appropriate distances from trees, buildings, and minor 

sources of pollutants, among other conditions. The Blue Ridge air monitoring station is 

adjacent to Interstate 70, and it is near an apartment complex and across the highway from 

Blue Ridge Crossing, a shopping center(https://dnr.mo.gov/env/esp/aqm/troost.htm). 

The sulfur dioxide data used was recorded at an air monitoring site on Troost 

Avenue in Jackson County, Kansas City. The Missouri Department of Natural Resources 

established this air monitoring station on Troost Avenue primarily to track the impact of a 

significant pollutant source in Kansas City. 

FIREX-AQ   

Fire Influence on Regional to Global Environments and Air Quality (FIREX-AQ) 

was the most comprehensive investigation on the impact of wildfire and biomass smoke on 

air quality and weather in the continental United States and took place in the summer of 

2019 (Schwarz 2020). FIREX-AQ explored the chemistry and fate of trace gases and 

aerosols in smoke with four instrumented research aircraft, satellites, ground-based fixed 

and mobile laboratories, modeling/forecasting, and coordinated airborne and ground-based 
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fuels information gathering (Schwarz 2020). It focuses on both northwestern wildfires and 

the southeastern U.S. agricultural/prescribed burning (Schwarz 2020). 

Fire detections may be missed by satellites when masked by clouds (Salazar et al., 

2016) or when the size of the fires is below detection capability (Hu et al., 2016). Fires with 

short duration outside the overpass window of polar orbiting satellites may also be 

undetected and not reported (Baker, K. R.,2019) Some of the measurement collected during 

FIREX-AQ falls within my study period (2015 to 2019) and will be used to validate the 

results.  

HYSPLIT  

The HYSPLIT model is a complete system for computing simple air parcel 

trajectories, as well as complex transport, dispersion, chemical transformation, and 

deposition simulations.  

A common application is a back-trajectory analysis to determine the origin of air masses 

and establish source-receptor relationships. HYSPLIT is one of the most widely used 

models for atmospheric trajectory and dispersion calculations. It has also been used in a 

variety of simulations describing the computations of atmospheric transport, mixing, 

chemical transformation, and the and deposition of pollutants and hazardous materials 

(Stein, A.F., et al., 2015). Some examples of the applications include tracking and 

forecasting the release of radioactive material, wildfire smoke, windblown dust, 

pollutants from various stationary and mobile concentration sources, allergens, and 

volcanic ash (NOAA). 

HYSPLIT has evolved over more than 30 years, from estimating simplified single 

trajectories based on radiosonde observations to a system accounting for multiple 

interacting pollutants transported, dispersed, and deposited over local to global scales 



  
 

 18 

(NOAA). It will be used in this study to conduct the backward trajectories analysis to 

identify the air flow into Kansas City.  

 

Satellite Data  

Several geostationary and polar-orbiting satellites provide fire-related data products 

that are applicable to a variety of environmental research and application. Examples of such 

operational Earth-observing satellite programs include:  

• the Joint Polar Satellite System 1 (JPSS-1), and the Suomi-NPP satellite, both 

carrying an instrument called VIIRS (Visible Infrared Imaging Radiometer Suite) 

• the Geostationary Operational Environmental Satellite Program (GOES) 17 is 

carrying the Advanced Baseline Imager (ABI) Instrument. 

• The MODIS instruments observe fires abroad the Terra and Aqua Satellites 

• Land Remote-Sensing Satellite (Landsat) Imagery cam map burned areas.  

Geostationary satellites help monitor and predict weather and environmental events 

including tropical systems, tornadoes, flash floods, dust storms, volcanic eruptions, and 

forest fires. Polar-orbiting satellites collect data for weather, climate, and environmental 

monitoring applications including precipitation, sea surface temperatures, atmospheric 

temperature and humidity, sea ice extent, forest fires, volcanic eruptions, global vegetation 

analysis, as well as search and rescue. NOAA's satellite data improves the Nation's 

resilience to climate variability thus maintaining our economic vitality and improving the 

security and well-being of the public.  

For this study, the MODIS Satellite will be used in the study to detect the fires in the 

United States from the EODIS worldview.  
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Time Series and R 

Time-series analysis of air pollution environmental levels involves the 

identification of long-term variation in the mean (trend) and cyclical or periodic 

components.  

R is a system for statistical computation and graphics. It provides, among other things, a 

programming language, high-level graphics, interfaces to other languages, and debugging 

facilities (Salcedo,1999). Using an R programming language, correlation analysis would 

be carried out to identify any correlation between the CO, NO2, SO2, and PM2.5 using a 

95% confidence interval.  

 

Methodology  

For this research, I used secondary data from the Missouri Department of Natural 

Resources and analysis software such as Giovanni, R, and HYSPLIT to achieve my desired 

results which assess biomass burning has an impact on the air quality of Kansas City Metro 

Area. The air pollutants analyzed in this research include nitrogen dioxide, carbon 

monoxide, sulfur dioxide, and particulate matter 2.5. We compared these data with the 

MODIS satellite fire detections to identify the biomass burning emissions that may have 

had an impact on the air pollutant concentrations in Kansas City, Missouri.   

To achieve this, a time series of the monthly averages of CO, PM2.5, SO2, NO2, were 

plotted together on the same axes to see where the CO peaks are and how they coincide 

with the peaks of the other atmospheric constituents using statistical analysis for the study 

period, 2015 – 2019. A daily time series for the atmospheric constituent CO was plotted 

from the peaks observed from the monthly averages time series to identify what date had 

the highest concentration and to plot a back trajectory using HYSPLIT. For the dates that 

showed the CO peaks, a daily time series of hourly averages of CO and any of the other 
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constituents that had a peak on that day were plotted. Based on the hourly time-series, CO 

peak hours were identified, and 5-day HYSPLIT back-trajectories that arrived in Kansas 

City at different levels, 500m, 1000m, and 1500m, were plotted.  

For each day of the HYSPLIT back-trajectory, NASA Worldview 

(https://worldview.earthdata.nasa.gov) was used to carefully inspect the image maps with 

MODIS fire detections in comparison with the back-trajectory maps to identify which ones 

passed over detected fire regions. A table showing each date of the CO-driven back-

trajectories was created to indicate whether they passed over fires in days 1, 2, 3, 4, and 5, 

at what level, and the specific locations of those fires (place name and/or lat-lon 

coordinates). For the trajectories that did not pass over fires, other potential sources of CO 

(e.g., high traffic from I-35 and I-70 and coal-fired power plants in the US) that may be 

located along their tracks were identified and analyzed. The information provided in the 

table would be used to determine whether there is a seasonal pattern to the sources of CO 

impacting Kansas City.  

A visualization GIS map was created showing the 5-day back trajectories, I-35 and I-70 

highways, the fire locations for the 5 days period, and coal power plants in the US. 

To find out how much of the CO concentration is affected by the emissions from biomass 

burning in the Great Plains is contributing to Kansas City’s air quality, the monthly average 

lowest value for 5 years (2015 to 2019) was used as a baseline concentration for background 

CO concentration. This value was subtracted from the CO values when the peaks occur 

over each year to identify the percentage increase. 

 

 

 

 

https://worldview.earthdata.nasa.gov/
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CHAPTER 5. RESULTS AND DISCUSSION  

In this study, Kansas City Metro air quality for five years (2015 to 2019) is being 

assessed to identify the seasonality of the impact of biomass burning from the Great Plains. 

The pollutants emitted from biomass burning were used as indicators in assessing the air 

quality of Kansas City Metro Area. These pollutants include particulate matter smaller than 

2.5 microns aerodynamics diameter, nitrogen dioxide, carbon monoxides, and sulfur 

dioxide. In this study, biomass burning signatures were identified based on the excess of 

Carbon Monoxide concentration above the average baseline concentration in Kansas City. 

Prior reports have indicated that wildfires are prolific sources of CO (Hobbs et al., 2003; 

Sinha et al., 2003). Enhanced NO2, SO2, and PM2.5 concentrations were studied during the 

CO peak periods to link the origin of concentration increase to biomass burning. In table 

5.1 the different sources of pollution for the air pollutants discussed are listed.  

Table 5.1:  Sources of Pollution  

Pollutants Sources 

Carbon Monoxide  Biomass burning, and automobiles 

Nitrogen dioxide  Biomass burning and automobiles  

Sulphur dioxide  Biomass burning, and Coal power plants 

Particulate Matter 2.5  Biomass Burning, construction sites, and 

industries, dust, and automobiles especially 

trucks 

 

The United States Great Plains are divided into 2 regions: the Northern and 

Southern Great Plains. The time series for the yearly average data for biomass burning in 

the Northern and Southern Great Plains and the yearly average data for carbon monoxide 

concentration in Kansas City for 5 years (2015 to 2019) were plotted and studied to identify 
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which region of the Great Plains has the most effect on the carbon monoxide concentration 

increase in the Kansas City Metro area as shown in fig 5.1 and fig 5.2. Simultaneous peaks 

in the time series plots of CO and biomass burning in the Great Plains served as an indicator 

of CO concentration potentially being affected by the potential fire plumes.    

For a period of 5 years (2015 to 2016), the average monthly baseline concentration 

for CO concentration was 5.07ppm. This value is the lowest concentration value that CO 

can attain during the study period (2015 to 2019) and will be used to evaluate the 

enhancement for CO in the months used for analysis. This will determine the percentage 

increase of CO from the baseline concentration due to biomass burning and other sources 

of the air pollutants.  

 

 

Figure 5.1: Time Series showing biomass burning concentration in the Northern Great Plains and CO in 

Kansas City 
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Figure 5.2: Time Series showing biomass burning concentration in the Southern Great Plains and CO in 

Kansas City 

 

The 5-year average biomass burning emission in the Northern Great Plains versus 

the 5-year average CO concentration in Kansas City plotted in fig 5.1. The time series plot 

shows the season of biomass burning emission to be at its peak in the summer season in the 

months of July to September. During the summer season, the CO concentration in Kansas 

City appears to have a relatively increased concentration. The CO concentration 5-year 

average data plotted with the biomass burning emission in the Southern Great Plains does 

not portray the same covariance as the Northern Great Plains (Figure 5.2).  

The biomass burning emission in the Southern Great Plains does not have an impact 

on the CO concentration level in Kansas City, when biomass burning appears to have a 

peak, the Kansas City CO does not increase in concentration. Rather, it appears to have a 

lower concentration during a high concentration of biomass burning in the Southern Great 

Plains.  
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Most prescribed fires in the Great Plains are conducted when vegetation is dormant 

in the early spring or late fall. Tallgrass prairie remnants (e.g., the Flint Hills in Kansas and 

Oklahoma) which are in the Southern Great Plains are typically burned in late April to 

promote growth of warm-season grasses for grazing and to reduce abundance of nonnative 

cool-season grasses. Most thunderstorms in the Great Plains occur from April to October, 

and most lightning fires occur between May and September, especially July and August 

(Zouhar, 2021).  

 

Figure 5.3: Map of United States and back trajectory in the Northern Great Plains 

The time series plot in figure 5.4 illustrates the average data for five years indicated 

by different line colors. In the year of 2015, CO concentration for 12 months is indicated 

by the light blue line, which shows peaks in the months of March, July, and August. In the 

year of 2016, the CO concentration for 12 months indicated by the red line shows peaks in 

the months of February, May, November, and December. In the year of 2017 indicated by 

the grey line, the time series plot shows the highest concentration of the 5-years CO 

concentration in the month of September.  
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In the year 2018 indicted by the yellow line, CO concentration peaks in May, 

August, and November. In 2019 indicated by the blue line, CO concentration in the months 

of April, July, and December.  

For the 5-year study period, we observe from the figure 5.4 below that CO concentration 

in Kansas City is mostly increased in the summer season during the months of July to 

September, with very few peaks occurring in the winter and spring seasons.  

 

Figure 5.4: Kansas City Carbon Monoxide Time Series Plot for 5 years  

Further analysis was carried out in each year to determine the enhancement of CO 

concentration by biomass burning, and other sources. The co-occurrence of NO2, SO2, and 

PM2.5 with CO will be analyzed for each year to identify if the emissions that originated 

from biomass burning and other sources of these pollutants influenced their increase. 

Results for 2015  

The daily time series for 2015 was plotted for carbon monoxide as shown in Fig 5.5 

below. The time series shows the trend of CO concentration for 365 days of the year, the 
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concentration had 2 highest average concentrations in the months of July and August with 

a CO average concentration of 7.66ppm and 7.934ppm respectively.  

 

 

Figure 5.5: Kansas City Carbon Monoxide Daily Time Series in 2015 

The lowest CO concentration for 5 years was 5.07ppm, but in July 2015 there was 

a 51% increase in CO concentration from 5.07ppm to 7.66ppm and in August 2015, there 

was a 56% increase in CO concentration. Therefore, in the summer season in the month of 

July and August 2015, CO concentration had the highest concentration for a 12-months 

period from Figure 5.5 above.  

The daily time series for July and August were plotted to identify what the day that had the 

highest concentration of CO and what were the sources of enhancement were and their 

potential relationship with NO2, SO2 and PM2.5 on that day in Kansas City.  
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Results for July 2015. 

Figure 5.5 below is the daily time series for Carbon Monoxide concentration during 

the month of July 2015 in Kansas City. The daily time series for CO shows that on the 31st 

of July, CO concentration had the highest concentration for 31days. The enhancement of 

CO concentration on the 31st influenced the total average of CO concentration by 51% in 

the month of July 2015.  

 

Figure 5.5: Daily Time series for Carbon Monoxide Concentration in July 2015 

Backward trajectories for the 31st of July 2015 were computed using the Hybrid 

Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model, to trace the paths of 

air parcels from potential sources of regions of biomass burning smoke. The HYSPLIT 

model was run using National Centers for Environmental Prediction/National Center for 

Atmospheric Research (NCEP/NCAR) Analysis data from NOAA Air Resources 

Laboratory website (Draxler and Ralph, 2003). Trajectories were computed backward for 

120 hours arriving at 500m, 1000m and 1500m above ground level.  

MODIS Fire detection points in the US were also plotted from the EODIS worldview 5 

days before the 31st of July to constitute a background map that was superimposed with the 
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backward trajectories to confirm that the enhancement of CO originated from regions in 

which the biomass burning had occurred in the 5 days leading up to 31st of July.  

Also, other potential sources of CO such as emissions from automobiles along the 

Kansas City interstate highways i-35 and i-70, and coal power plants in the US were plotted 

to determine their potential influence on the enhancement of CO.  

Figure 5.6 below shows the airmass back trajectory 5 days before the 31st of July at 

500m, 1000m and 1500m above ground level, the I-70 and I-35 interstate highways 

indicating vehicular emissions leading to the enhancement of CO, and coal-fired power 

plants located in the US also emitting CO into the atmosphere. 

 

Figure 5.6: Map of the US showing the Back Trajectory and sources of CO in July 2015 

From Figure 5.6 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection product using WORLDVIEW 

shows that the air circulation path at 500m and 1500m above ground level flowed through 

the states in the Northern Great Plains while the air circulation path at 1000m above ground 
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flowed through the western and Southern Great Plains before arriving in the Kansas City 

Metro Area. Along its path, there were multiple active fire in the days leading up to the 31st 

of July in the Northern Great Plains, west and in Missouri, all these active fires influenced 

the enhancement of CO concentration on the 31st of July.  

The airmass back trajectory path into Kansas City was also affected by the 

emissions from motor vehicles on the 2 Interstate highways as well as emissions from in-

situ vehicles of the air at 500m and 1000m above ground level flows along the i-35 

interstate highway, emissions from the coal fire power plants also played a role in the 

increase of CO as the air flowing into Kansas City flowed through these locations. Due to 

all these sources influencing the CO and the biomass burning occurring along the trajectory 

path into Kansas City, a correlation matrix of all the air constituents discussed in this study 

was plotted for the 31st of July to determine any other constituents may have been affected 

by biomass burning and other sources both in-situ or from the Northern Great Plains.  

 

Figure 5.7: Correlation Matrix of all Air Pollutants on the 31st of July 2015 
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The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 31st of July 2015 using a 95% confidence interval. In the Figure 5.7 

above, the correlation between CO and NO2 have a significant positive correlation of 0.63 

with a p-value of 0.0001588. Both CO and NO2 correlation indicate that the air circulation 

path which was coming in from the west and Northern Great Plains may have been 

influencing the increase of both CO and NO2 during the 5 days leading up to the 31st of 

July 2015. There was also a positive correlation between CO and PM2.5 of 0.45 with a p-

value of 0.01081. This correlation indicates that the emissions from the active fires also 

played a role in the concentration of CO in Kansas City.  

Results for August 2015 

The figure 5.8 below is the daily time series for Carbon Monoxide concentration for the 

month of August 2015 in Kansas City. The daily time series for CO shows that on the 24th 

of August, CO had the highest concentration for 31days.  

The enhancement of CO concentration on the 24th influenced the average of CO 

concentration by 56% in the month of August 2015.  

 

Figure 5.7: Daily Time series for Carbon Monoxide concentration in August 2015 
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Backward trajectories 5 days before the 24th of August 2015 were computed using 

the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model, to trace 

the paths of air parcels from potential sources of regions of biomass burning smoke. 

Trajectories were computed backward for 120 hours arriving at 500m, 1000m and 1500m 

above ground level. MODIS Fire detection points in the US was also computed from the 

EODIS worldview 5 days before the 24th of August was superimposed with the backward 

trajectories to confirm that the enhancement of CO originated from regions in which the 

biomass burning had occurred in the preceding days.  

Figure 5.8 below shows the air back trajectory 5 days before the 24th of August at 

500m, 1000m and 1500m above ground level, the I-70 and I-35 interstate highways 

indicating vehicular emissions leading to the enhancement of CO, and coal-fired power 

plants located in the US also emitting CO into the atmosphere. 

 

Figure 5.8: Map of the US showing the Back Trajectory and sources of CO in August 2015 
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From figure 5.8 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection product using WORLDVIEW 

shows that the air circulation path at 500m and 1500m above ground level shows air 

circulation the path from Canada, passing through states in the Northern Great Plains which 

includes Montana, North Dakota, South Dakota, Nebraska and arriving in Kansas City.  

In Montana, the busiest week fire outbreaks were in the months of August 2015. 

There were 76 new fires, this could explain why Kansas City CO was at a high 

concentration because the air flowed through the state of Montana into Kansas City.  in the 

other states in the Northern Great Plains there were multiple active fire in the preceding 

days, all of these active fires influenced the enhancement of CO concentration on the 24th 

of August.   

Although the airmass trajectory path into Kansas City was not affected by the 

emissions from motor vehicles on the 2 Interstate in other states, in-situ emissions from 

vehicles were the only source of CO concentrations for the 5-day period, emissions from 

the coal fire power plants located in the Northern Great Plains entered the atmosphere and 

influenced the increase as the air flowed through their path into Kansas City.  

Due to all these sources influencing the CO and the biomass burning occurring 

along the trajectory path into Kansas City, a correlation matrix of all the air constituents 

discussed in this study was plotted for the 24th of August to determine whether any other 

constituents may have been affected by biomass burning and other sources both in-situ or 

from the Northern Great Plains.  
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Figure 5.9: Correlation Matrix of air pollutants on the 24th of August 2015 

The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 24th of August 2015 using a 95% confidence interval.  In Figure 5.9 

above the correlation between CO and NO2 have a significant positive correlation of 0.81 

with a p-value of 1.614e-06. Both CO and NO2 correlation indicate that in-situ motor 

vehicles from local road and the 2 interstate highways emissions may have been influencing 

the concentration of these pollutants in the atmosphere while the correlation between CO 

and PM2.5 had a significant positive correlation 0.51 with a p-value of 0.01062. This could 

have resulted from the biomass burning emissions in the Northern Great Plains as the air 

came into Kansas City.  This correlation indicates that the emissions from the active fires 

also played a role in the concentration of CO emission in the Kansas City Metro Area. 



  
 

 34 

The table below represent a summary of the CO concentration and the different sources of 

CO enhancement in the months of July and August 2015.  

Table 5.2: Sources of CO and Locations in the United States in 2015 

 

From the table 5.2 above, CO concentration was the highest in the summer months 

July and August of 2015, the sources of the enhancement of CO were majorly from biomass 

burning in the Northern Great Plains and from coal fired power plants located in other states 

in the US. There is a strong positive co-occurrence NO2 and PM2.5 in the months of July 

and August of 2015 and this co-occurrence with CO resulted from the influence of majorly 

biomass burning in respect to the emissions from the other sources.  

Results for 2016 

The daily time series for 2016 was plotted for carbon monoxide as shown in Fig 5.10 below. 

The daily time series shows the trend of CO concentration for 365 days of the year, the 

Co Levels 

Date   

Time  500 Level 1000 Level 1500 Level 

  Location  Sources Of Co 

Pollution  

Location  Sources of 

CO 

Pollution 

Location  Sources Of Co 

Pollution 

July 2015 

07/26 6am Can Fire Cal Fire Can Fire 

07/27 6am Wy Fire  Ut Fire Wa Fire 

07/28 6am Sd Fire Col Fire Id Coal Power Plant 

07/30 6am Ia Fire Ne Fire Wy Fire 

07/31 6am Ks Fire Mo Coal Power 

Plant 

Ne Coal Power 

Plant 

August 2015 

08/20 10pm Can Fire Can Fire Can Fire 

08/21 10pm Can Fire Can Fire Can Fire 

08/22 10pm Mt Fire Mt Fire Mt Fire 

08/23 10pm Sd Fire Sd Fire Sd Fire 

08/24 10pm Ne Fire Ne Fire Ne Fire 
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average concentration of the time series calculated for each month shows that the CO had 

2 highest averages in the months of May and December with a CO average concentration 

of 7.51ppm and 7.60ppm respectively.  

 

Figure 5:10: Kansas City Carbon Monoxide Daily Time Series in 2016 

The lowest CO concentration for 5 years was 5.07ppm, but in May 2016 there was 

a 48% increase in CO concentration from 5.07ppm to 7.51ppm and in December 2016, 

there was a 56% increase in CO concentration from 5.07pmm to 7.60ppm. Therefore, there 

was an enhancement in the level of CO in Spring and Winter season from Figure 5.10 

above. The daily time series for May and December were plotted to identify what the day 

had the highest CO concentration and what the sources of enhancement were and their 

potential relationship with NO2, SO2 and PM2.5 on that day in Kansas City.  

Results for May 2016 

Figure 5.11 below is the daily time series for Carbon Monoxide concentration 

during the month of May 2016 in Kansas City. The daily time series for CO shows that on 

the 3rd of May, CO had the highest concentration for 31days.  
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The enhancement of CO concentration on the 3rd influenced the total average of CO 

concentration by 48% in the month of May 2016.  

 

Figure 5.11: Carbon Monoxide Daily Time Series in May 2016 

Backward trajectories 5 days before the 3rd of May 2016 were computed using 

HYSPLIT model. Trajectories were computed backward for 120 hours arriving at 500m, 

1000m and 1500m above ground level.  

MODIS Fire detection points in the US were also plotted from the EODIS worldview 5 

days before the 3rd of May to constituent a background map that was superimposed with 

the backward trajectories to confirm that the enhancement of CO originated from regions 

in which the biomass burning had occurred 5 days leading up to 3rd of May.   

Also, other potential sources of CO such as emissions from automobiles along the 

Kansas City interstate highways i-35 and i-70, and coal power plants in the US were plotted 

to determine their potential influence on the enhancement of CO.  

Figure 5.12 below shows the airmass back trajectory 5 days before the 3rd of May, 

the I-70 and I-35 interstate highways indicating vehicular emissions leading to the 
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enhancement of CO, and coal-fired power plants located in the US also emitting CO into 

the atmosphere. 

 

Figure 5.12: Map of the US showing the Back Trajectory and sources of CO in May 2016 

From figure 5.12 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection area product using 

WORLDVIEW shows that the air circulation path at 500m and 1500m above ground level 

shows air circulation the path flowed through Michigan, Wisconsin and Iowa, states in the 

Mid-West and at 1500m above ground level, the air path passed through states in the 

Northern Great Plains which includes South Dakota, Nebraska, Kansas and arriving in 

Kansas City.  

There was the Fort McMurray wildfire that occurred in Alberta, Canada on the 1st 

of May 2016. The air coming into Kansas City from Canada carried the CO emissions from 

the fire which influenced the concentration of Carbon monoxide on the 3rd of May.   
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The states in the Northern Great Plains had a fire occurrence in the days before the 

3rd of May where the CO concentrations were at their peak. The air trajectory path showed 

that concentration from the I-35 interstate highway influenced the increase in CO 

concentration alongside in-situ concentrations from vehicles for the 5-day period, CO 

concentrations from coal fire power plants located in the Northern Great Plains and states 

in the Mid-West entered the atmosphere and influenced the CO increase as the air entered 

into Kansas City, a correlation matrix of all the air constituents was plotted on the 3rd of 

May to determine whether any other constituents may have been affected by biomass 

burning and other sources both in-situ or from the Great Plains. 

 

Figure 5.13: Correlation Matrix of Air Pollutants on the 3rd of May 2016 

The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 3rd of May 2016 using a 95% confidence interval. In Figure 5.13 

above, the correlation between CO and NO2 have a significant positive correlation of 0.75 
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with a p-value of 2.22e-05, both CO and NO2 correlation from the back trajectory on Figure 

5.12 indicates that the emissions from i-35 interstate highway and in-situ vehicular 

emissions from local roads influenced the concentration of these pollutants in the 

atmosphere on the 3rd of May while the correlation between NO2 and SO2 had a positive 

correlation of 0.52 with a p-value of 0.008669. This correlation indicates that the increase 

in concentration resulted from the concentrations from power plants located along the path 

of the air flow into Kansas City and from the i-35 Interstate Highway. 

Results for December 2016 

The figure 5.14 below is the daily time series for Carbon Monoxide concentration 

for the month of December 2016 in Kansas City. The daily time series for CO shows that 

on the 2nd of December, CO had the highest concentration for 31days. The enhancement of 

CO concentration on the 2nd influenced the total average of CO concentration by 56% in 

the month of December 2016.  

 

Figure 5.14: Daily time series for Carbon Monoxide in December 2016 

Backward trajectories for the 2nd of December 2016 were computed using the 

HYSPLIT model, to trace the paths of air parcels from potential sources of regions of 
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biomass burning aerosols. Trajectories were computed backward for 120 hours arriving at 

500m, 1000m and 1500m above ground level.  

MODIS Fire detection points in the US was also computed from the EODIS 

worldview 5 days before the 2nd of December was superimposed with the backward 

trajectories to confirm that the enhancement of CO originated from regions in which the 

biomass burning had occurred in the 5 days leading to the 2nd of December.  

Also, other potential sources of CO such as emissions from automobiles along the 

Kansas City interstate highways i-35 and i-70, and coal power plants in the US were plotted 

to confirm that these were the reason for the enhancement of CO.  

Figure 5.15 below shows the airmass back trajectory 5 days before the 2nd of 

December at 500m, 1000m and 1500m above ground level, the I-70 and I-35 interstate 

highways indicating vehicular emissions, and emissions coal-fired power plants located in 

the US.  

 

Figure 5.15: Map of US showing the back trajectory and Sources of CO on the 2nd of December 

2016. 
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From figure 5.15 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection product using WORLDVIEW 

shows air flowing from Canada, passing through states in the West which include 

Washington and Idaho, Northern Great Plains which includes Wyoming, Nebraska, one 

state in the Southern Great Plains, Kansas, before arriving in Kansas City.  

The states in the Northern Great Plains had a fire occurrence in the 5 days before 

the 2nd of December where the CO concentration was at its peak. Although the airmass 

back trajectory path into Kansas City was not affected by the emissions from motor vehicles 

on the 2 Interstate highways from the western and Northern Great Plains, in-situ emissions 

from vehicles were the only source of CO concentrations for the 5-day period from 

highways. Emissions from the coal fire power plants located in the western and Northern 

Great Plains entered the atmosphere and influenced the CO concentration increase as the 

airmass flowed through their path into Kansas City, a correlation matrix of all the air 

constituents was plotted for the 2nd of December to determine whether any other 

constituents may have been affected by biomass burning and other sources both in-situ or 

from the Great Plains.  
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Figure 5.16: Correlation Matrix of air pollutants on the 2nd of December 2016 

The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 3rd of December 2016 using a 95% confidence interval. In Figure 

5.16 above, there was a significant correlation between CO and PM2.5, CO and NO2, and 

SO2 and PM2.5.  

The correlation between CO and PM2.5 have a significant positive correlation of 

0.8, both CO and PM2.5 correlation results from the emissions released from the fires 

occurring from the west and in-situ fire outbreaks as well as shown in Figure 5.16. The 

correlation between CO and NO2 had a significant positive correlation of 0.92 with a p-

value of 3.216e-10, this indicates that in-situ emissions from motor vehicles and the 2 

interstate highways influenced the concentration of these pollutants in the atmosphere as 

shown in Figure 5.16 and the correlation between NO2 and PM2.5 had a positive significant 

correlation of 0.82 with a p-value of 2.376e-06.  
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This is because of fires emitting PM2.5 in Washington, Kansas and Missouri and NO2 

concentration increase emitting from vehicles on the Interstate Highway and local roads 

influencing the CO as it arrived at Kansas City.   

The table below represent a summary of the CO concentration and the different sources of 

CO enhancement in the months of May and December 2016.  

Table 5.3: Sources of CO and Locations in the United States in 2016 

CO 

LEVELS 

DATE   

TIME  500 LEVEL 1000 LEVEL 1500 LEVEL 

  Location  Sources of 

CO Pollution 

Location  Sources of CO 

Pollution 

Location  Sources of 

CO Pollution 

May 2016 

04/29 9PM CAN FIRE  CAN FIRE  CAN FIRE  

04/30 9PM CAN FIRE  MI FIRE CAN FIRE 

05/1 9PM WI COAL 

POWER 

PLANT 

MN COAL POWER 

PLANT 

SD FIRE 

05/2 9PM IA COAL 

POWER 

PLANT 

IA FIRE NE FIRE 

05/3 9PM MO COAL 

POWER 

PLANT 

NE FIRE KS FIRE 

December 2016 

11/28 7AM CAN FIRE NPO  ID COAL 

POWER 

PLANT 

11/29 7AM ID COAL 

POWER 

PLANT 

ID COAL POWER 

PLANT 

WY COAL 

POWER 

PLANT 

11/30 7AM WY COAL 

POWER 

PLANT 

WY COAL POWER 

PLANT 

NE COAL 

POWER 

PLANT 
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12/01 7AM NE COAL 

POWER 

PLANT 

NE COAL POWER 

PLANT 

MO YES 

12/02 7AM MO FIRE  MO YES ID COAL 

POWER 

PLANT 

 

 From the table 5.3 above, the sources of the enhancement of CO were majorly from 

emissions of the coal-fired power plants located along the air path into Kansas City. In the 

month of May, the back trajectory shows the air flowing in from the Midwest and Northern 

Great Plains and in December, the back trajectory shows the air coming in from Northern 

Great Plains.  The emissions from fires and coal fired power plants located along the air 

path led to the enhancement of CO in the Spring and Winter season in 2016. There is a 

strong positive co-occurrence NO2 and CO in the months of May and December 2016 and 

a stronger relationship between CO and PM2.5, this co-occurrence resulted from the 

influence of emissions from biomass burning, and coal-fired power plant in respect to the 

emissions from the transportation vehicles.  

RESULTS FOR 2017 

The daily time series for 2017 was plotted for carbon monoxide as shown in Fig 

5.17 below. The time series shows the trend of CO concentration for 365 days of the year, 

the average concentration of the time series calculated for each month shows that the CO 

had one highest average concentration in the month of September with a CO average 

concentration of 8.42ppm 
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Figure 5.17: Carbon Monoxide Daily Time Series 2017 

The lowest CO concentration for 5 years was 5.07ppm, but in September of 2017 

there was a 66% increase in CO concentration from 5.07ppm to 8.42ppm. The average CO 

concentration value shows that there was an enhancement in the level of CO in summer 

season as derived from figure 5.17 above.  

The daily time series for September were plotted to identify what the day that had the 

highest CO concentration and what the sources of enhancement were and their potential 

relationship NO2, SO2 and PM2.5 concentration on that day in Kansas City.  

Results for September 2017 

Figure 5.18 below is the daily time series for Carbon Monoxide concentration 

during the month of September 2017 in Kansas City. The daily time series shows that on 

the 13th of September, CO had the highest concentration for 31days. The enhancement of 

CO concentration on the 13th influenced the total average of CO concentration by 66% in 

the month of September 2017.  
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Figure 5.18: Carbon Monoxide Daily Time Series in September 2017 

 

Backward trajectories 5 days before the 13th of September 2017 were computed 

using the HYSPLIT model, to trace the paths of air parcels from potential sources of regions 

of biomass burning aerosols. Trajectories were computed backward for 120 hours arriving 

at 500m, 1000m and 1500m above ground level.  

MODIS Fire detection points in the US 5 days before the 13th of September was 

superimposed with the backward trajectories to confirm that the enhancement of CO 

originated from regions in which the biomass burning had occurred in the leading up to 

13th of September. Also, other potential sources of CO such emissions from automobiles 

along the Kansas City interstate highways i-35 and i-70, and coal power plants in the US 

were plotted to determine their potential influence on enhancement of CO.  
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Figure 5.19: Map of US showing the back trajectory and Sources of CO on the 13th of September 

2017. 

From figure 5.19 above, the airmass back trajectories superimposed with the fire 

occurrence locations derived from the MODIS burned area product using WORLDVIEW. 

There was a convergence of all the different sources that brought CO emissions into Kansas 

City. The map is showing that on that day there were multiple sources of CO entrancing 

into Kansas City.  

At 1500m above ground level, the emissions were coming in from Northern Great 

Plains, at 1000m above ground level, the emissions were coming from the Southern Great 

Plains and at 500m above ground level, the emissions were coming in from Midwest. The 

air flowing into Kansas City was circulating around the same area. Emissions from biomass 

burning, transportation and coal fired power plants all influenced the concentration of CO 

during the 5 days period before the 13th of September.  



  
 

 48 

During September 2017, the atmospheric circulation in the US was highly 

meridional. A meridional circulation pattern transfers heat from the low latitudes to higher 

latitudes and transports colder air masses from the poles southward, which helps to balance 

the distribution of heat across the Earth. But the circulation behaved in an unusual way by 

"flipping" at mid-month, changing from a stable long-wave ridge-West/trough-East pattern 

for the first half of the month to a pattern consisting of a trough in the West and ridge in 

the East for the last half of the month. Each of these patterns was characterized by specific 

weather phenomena, temperature anomalies, precipitation anomalies, and impacts. 

During the first half of the month, the long-wave ridge in the West deflected Pacific 

air masses and fronts well to the north into western Canada. Subsiding air associated with 

ridges tends to dry out and warm up adiabatically as it descends, and the clear skies allow 

sunshine to further warm the ground and air, so the western CONUS had unusually warm 

temperatures for September 1-14.  

A correlation matrix of all the air constituent’s Fig 5.20 was plotted on the 13th of 

September to identify if any other constituents were affected by biomass burning and other 

sources both in-situ or from the Great Plains. 
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Figure 5.20: Correlation Matrix of air pollutants on the 13th of September 2017 

The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 13th of September 2017 using a 95% confidence interval.  From the 

Figure 5.20 above the correlation between CO2 and NO2 have a significant positive 

correlation of 0.67 with a p-value of 0.0003404, both CO and NO2 correlation indicate that 

the air circulation path which was coming in from the Midwest, Southern Great Plains and 

Northern Great Plains may have been influencing the increase of both CO and NO2 during 

the 5 days leading up to the 13th of December 2017. Sources from both in-situ and the Great 

Plains influenced the air quality in Kansas City. There was an insignificant correlation of 

0.42 with a p-value of 0.1194 between NO2 and SO2, resulting from the emissions from the 

two interstate highways and powerplants located in the air path.  

The table below represent a summary of the CO concentration and the different sources of 

CO enhancement in September 2017.  
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From the table 5.4 above, the sources of the enhancement of CO were from biomass 

burning in the Northern Great Plains, Southern Great Plains and the Midwestern region of 

the US.  The air flowing into Kansas City was circulating around the same area. Emissions 

from biomass burning, transportation, and coal fired power plants were all influencing the 

CO on the 13th of September. There is a strong positive co-occurrence NO2, and CO in 

September 2017 and this co-occurrence resulted from the influence from the emissions of 

biomass burning and the air circulating around the same regions during the peak period.  

 

Table 5.4: Sources of CO and Locations in the United States in 2017 

 

 

 

 

 

CO 

LEVELS 

DATE   

TIME  500 LEVEL 1000 LEVEL 1500 LEVEL 

  Location  Sources of 

Pollution  

Location  Sources of 

Pollution 

Location  Sources of 

Pollution 

2017 

09/09 6AM KY FIRE TX FIRE ND COAL POWER 

PLANT 

09/10 6AM MO FIRE TX FIRE SD  

09/11 6AM KS FIRE KS FIRE WI COAL POWER 

PLANT 

09/12 6AM IA FIRE MN FIRE  IA FIRE 

09/13 6AM MO FIRE MO FIRE MO FIRE 
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Results for 2018  

The daily time series for the year 2018 was plotted for carbon monoxide as shown 

in Fig 5.21 below. The time series shows the trend of CO concentration for 365 days of the 

year, the average concentration of the time series calculated for each month shows that the 

CO concentration had 2 highest averages in the months of May and August with a CO 

average concentration of 7.24ppm and 7.54ppm respectively. 

 

Figure 5.21: Carbon Monoxide Daily Time Series 2018 

The lowest CO concentration for 5 years was 5.07ppm, but in May 2018 there was 

a 42% increase in CO concentration from 5.07ppm to 7.24ppm and in August 2018, there 

was a 48% increase in CO concentration from 5.07pmm to 7.54ppm. Therefore, there was 

an enhancement in the level of CO in Spring and Summer season from the Figure 5.21 

above.  

The daily time series for May and August were plotted to identify the day that had 

the highest concentration of CO and what the sources of enhancement were and their 

potential relationship with NO2, SO2 and PM2.5 concentration on that day in Kansas City.  
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Results for May 2018 

Figure 5.18 below is the daily time series for Carbon Monoxide concentration 

during the month of September 2017 in Kansas City. The daily time series for CO shows 

that on the 5th of May, CO had the highest concentration for 31days. The enhancement of 

CO concentration on the 5th influenced the total average of CO concentration by 42% in 

the month of May 2018.  

 

Figure 5.22: Carbon Monoxide Daily Time Series in May 2018 

Backward trajectories for the 5th of May 2018 were computed using the HYSPLIT 

model, to trace the paths of air parcels from potential sources of regions of biomass burning 

aerosols. Trajectories were computed backward for 120 hours arriving at 500m, 1000m and 

1500m above ground level.  

MODIS Fire detection points in the US was also computed 5 days before the 5th of May to 

constitute a background map that was superimposed with the backward trajectories to 

confirm that the enhancement of CO originated from regions in which the biomass burning 

had occurred 5 days leading up to the 5th of May.  
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Also, other potential sources of CO such as emissions from automobiles along the 

Kansas City interstate highways i-35 and i-70, and coal power plants in the US were plotted 

to determine their potential influence on the enhancement of CO. 

 

Figure 5.23: Map of US showing the back trajectory and Sources of CO on the 5th of May 2018. 

From figure 5.23 above, the air mass back trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection product shows the back 

trajectory following the path from Canada, passing through states in the Northern Great 

Plains which includes Montana, North Dakota, South Dakota, Nebraska and arriving in 

Kansas City at all 3 levels above the ground.  

The states in the Northern Great Plains had multiple fire occurrences in the days 

following the 5th of May when the CO concentration was at its peak. Although the air 

trajectory path into Kansas City was not affected by the emissions from motor vehicles on 

the 2 Interstate in other states, in-situ emissions from vehicles were the only source of CO 
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concentrations for the 5-day period, emissions from the coal fire power plants located in 

the Northern Great Plains entered the atmosphere and also influenced the increase as the 

air flowed through their path into Kansas City, a correlation matrix of all the air constituents 

was plotted for 5th of May to determine whether any other constituents may have been 

affected by biomass burning and other sources both in-situ or from the Great Plains. 

 

Figure 5.24: Correlation Matrix of air pollutants on the 5th of May 2018 

The correlation matrix plotted using R shows the correlation between CO, NO2, and 

SO2 on the 5th of May 2018 using a 95% confidence interval. In Figure 5.24 above the 

correlation between CO and NO2 have a significant positive correlation of 0.83 with a p-

value of 5.616e-07. Both CO and NO2 correlation indicate that in-situ emissions from motor 

vehicles on the local roads and the 2 interstate highways influenced the concentration of 
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these pollutants in the atmosphere, the fires along the air path coming into Kansas City also 

shows that NO2 was also increased as it is one of the pollutants emitted from CO.  

Results for August 2018 

The Figure 5.25 below is the daily time series for Carbon Monoxide concentration 

for the month of August 2018 in Kansas City. The daily time series for CO shows that on 

the 18th of August, CO had the highest concentration for 31days. The enhancement of CO 

concentration on the 5th influenced the total average of CO concentration by 48% in the 

month of August 2018.  

 

Figure 5.25: Carbon Monoxide Daily Time Series in August 2018 

Backward trajectories for the 18th of August 2018 were computed using the 

HYSPLIT model, to trace the paths of air parcels from potential sources of regions of 

biomass burning aerosols. Trajectories were computed backward for 120 hours arriving at 

500m, 1000m and 1500m above ground level.  

MODIS Fire detection points in the US was also computed 5 days before the 18th 

of August was superimposed with the backward trajectories to confirm that the 

0

2

4

6

8

10

12

C
O

 in
 p

p
m

Days

Kansas City Daily Time Series for Carbon Monoxide for August 2018

August 18th  



  
 

 56 

enhancement of CO originated from regions in which the biomass burning had occurred in 

the 5 days leading to the 18th of August. Also, other potential sources of CO such as 

emissions from automobiles along the Kansas City interstate highways i-35 and i-70, and 

coal power plants in the US were plotted to determine their potential influence on the 

enhancement of CO.  

 

Figure 5.26: Map of US showing the back trajectory and Sources of CO on the 18th of August 2018. 

From figure 5.26 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection shows the back trajectory 

following the path from Canada, passing through states in the Midwest which include 

Minnesota, Michigan, Wisconsin, and Iowa at 500m and 1000m level above the ground. 

At 1000m above ground level, the air trajectory shows then air flow into Kansas City 

coming from the down south of the United States in Arkansas and Louisiana.   
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The states in the Midwest and south had a fire occurrence in the days before the 18th 

of August when the CO concentration was at its peak. The map in figure 5.26 shows the air 

coming into Kansas City was also influenced by the emissions from motor vehicles on the 

2 Interstate in other states, in-situ emissions from vehicles, and coal fire power plants 

located in the Midwest and south entered the atmosphere and influenced the increase of CO 

as the air flowed through their path into Kansas City, a correlation matrix of all the air 

constituents was plotted for the 18th of August to determine whether any other constituents 

may have been affected by biomass burning and other sources both in-situ or from the Great 

Plains.  

 

Figure 5.27: Correlation Matrix of air pollutants on the 18th of August 2018 

The correlation matrix plotted using R shows the correlation between CO, SO2, 

NO2, and PM2.5 on the 18th of August 2018 using a 95% confidence intervall. In Figure 5.30 

above the correlation between CO and NO2 have a significant positive correlation of 0.92 
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with a p-value of 2.331e-10. Both CO and NO2 correlation indicate that in-situ motor 

vehicles from local road and the 2 interstate highways emissions influenced the 

concentration of these pollutants in the atmosphere as well as the emissions from fires 

located along the air flow path.  

The table below represent a summary of the CO concentration and the different 

sources of CO enhancement in May and August 2018.  

Table 5.5: Sources of CO and Locations in the United States in 2018 

CO 

LEVELS 

DATE   

TIME  500 LEVEL 1000 LEVEL 1500 LEVEL 

  Location  Sources of 

Pollution   

Location  Sources of 

Pollution   

Location  Sources of 

Pollution   

May 2015 

05/1 2PM MT COAL POWER 

PLANT 

MT COAL 

POWER 

PLANT 

CAN FIRE 

05/2 2PM SD FIRE ND FIRE CAN FIRE 

05/3 2PM NE COAL POWER 

PLANT 

SD FIRE CAN FIRE 

05/4 2PM KS FIRE NE FIRE ND FIRE 

05/5 2PM MO FIRE MO FIRE NE FIRE 

August 2018 

08/14 4AM CAN FIRE AR FIRE IL FIRE  

08/15 4AM MN FIRE IN COAL 

POWER 

PLANT 

IL COAL POWER 

PLANT 

08/16 4AM WI COAL POWER 

PLANT 

MI COAL 

POWER 

PLANT 

IL COAL POWER 

PLANT 

08/17 4AM IA FIRE WI COAL 

POWER 

PLANT 

WI COAL POWER 

PLANT 

08/18 4AM MO FIRE MO FIRE MO COAL POWER 

PLANT 
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From the table 5.5 above, the sources of the enhancement of CO were from the 

emissions of biomass burning and coal-fired power plants located along the air path into 

Kansas City. In the month of May, the back trajectory shows the air flowing in from the 

Northern Great Plains and in August, the back trajectory shows the air coming in from 

midwestern region of the US.  The CO emissions from fires and coal fired power plants 

located along the air path led to the enhancement of CO in the summer season in 2018. 

There is a strong positive co-occurrence NO2 and CO in the months of May and August 

2018, this co-occurrence resulted from the influence of majorly emissions from biomass 

burning, and coal-fired power plant in respect to the emissions from transportation vehicles.  

Results for 2019  

The daily time series for the year 2019 were plotted for carbon monoxide as shown 

in Fig 5.28 below. The time series shows the trend of CO concentration for 365 days of the 

year, the average concentration of the time series calculated for each month shows that the 

CO had 2 highest average concentrations in the months of July and December with a CO 

average concentration of 6.51ppm and 6.78ppm respectively.  

 

Figure 5.28: Carbon Monoxide Daily Time Series 2019 
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The lowest CO concentration for 5 years was 5.07ppm, but in July 2018 there was 

a 28% increase in CO concentration from 5.07ppm to 6.51ppm and in December 2018, 

there was a 33% increase in CO concentration from 5.07pmm to 6.78ppm. Therefore, there 

was an enhancement in the level of CO in Summer and Winter season from Figure 5.28 

above. The daily time series for July and December was plotted to identify what the day 

had the highest concentration of CO and what the sources of enhancement were and its 

effect on the NO2, SO2 and PM2.5 concentrations on that day in Kansas City.  

Results for July 2019 

Figure 5.29 below is the daily time series for Carbon Monoxide concentration for 

the month of July 2019 in Kansas City. The daily time series for CO shows that on the 25th 

of July, CO had the highest concentration for 31days. The enhancement of CO 

concentration on the 25th influenced the total average of CO concentration by 28% in the 

month of July 2019.  

 

 

Figure 5.29: Carbon Monoxide Daily Time Series in July 2019 
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Backward trajectories for the 25th of July 2019 were computed using the HYSPLIT 

model, to trace the paths of air parcels from potential sources of regions of biomass burning 

aerosols. Trajectories were computed backward for 120 hours arriving at 500m, 1000m and 

1500m above ground level.  

MODIS Fire detection points in the US was also computed 5 days before the 25h of 

July to constitute a background map that was superimposed with the backward trajectories 

to confirm that the enhancement of CO originated from regions in which the biomass 

burning had occurred in the 5 days leading up to the 25th of July. Also, other potential 

sources of CO such as emissions from automobiles along the Kansas City interstate 

highways i-35 and i-70, and coal power plants in the US were plotted to determine their 

potential influence on the enhancement of CO.  

 

Figure 5.30: Map of US showing the back trajectory and Sources of CO on the 25th of July 2019. 

From figure 5.30 above, the backward trajectories superimposed with the fire occurrence 

locations derived from the MODIS fire detection product shows that the back trajectory 
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following the path from Canada, passing through states in the Midwest which includes 

Minnesota, Wisconsin, Iowa, Missouri, and states in the Southern Great Plains which 

include Kansas, and Oklahoma before arriving in Kansas City.  

The states in the Midwest and Southern Great Plains had multiple fire occurrences in the 

days leading up to the 25th of July where the CO concentration was at its peak. The air 

trajectory path into Kansas City was affected by the emissions from motor vehicles on the 

2 Interstate highway in other states as well as in-situ emissions from vehicles were also 

sources of CO concentrations for the 5-day period, emissions from the coal fire power 

plants located in the Midwest and Southern Great Plains entered the atmosphere and 

influenced the increase as the air flowed through their path into Kansas City, a correlation 

matrix of all the air constituents was plotted for the 25th of July to determine whether any 

other constituents may have been affected by biomass burning and other sources both in-

situ or from the Great Plains. 

 

Figure 5.31: Correlation Matrix of air pollutants on the 25th of July 2019 
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The correlation matrix plotted using R shows the correlation between CO, SO2, NO2, and 

PM2.5 on the 25th of July 2019 using a 95% confidence interval. In Figure 5.31 above the 

correlation between CO and NO2 have a significant positive correlation of 0.58 with a p-

value of 0.002851. Both CO and NO2 correlation indicate that in-situ motor vehicles from 

local road and the 2 interstate highways emission may have been influencing the 

concentration of these pollutants in the atmosphere and in-situ emissions from vehicles 

influenced the air coming into Kansas City. 

Results for December 2019 

The figure 5.32 below is the daily time series for Carbon Monoxide concentration 

for the month of December 2019 in Kansas City. The daily time series for CO shows that 

on the 4th of December, CO had the highest concentration for 31days. The enhancement of 

CO concentration on the 4th influenced the total average of CO concentration by 33% in 

the month of December 2019.  

 

Figure 5.32: Carbon Monoxide Daily Time Series in December 2019 
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Backward trajectories for the 4th of December 2019 were computed using the 

HYSPLIT model, to trace the paths of air parcels from potential sources of regions of 

biomass burning aerosols. Trajectories were computed backward for 120 hours arriving at 

500m, 1000m and 1500m above ground level.  

MODIS Fire detection points in the US was also computed 5 days before the 4th of 

December was superimposed with the backward trajectories to confirm that the 

enhancement of CO originated from regions in which the biomass burning had occurred in 

the preceding days. Also, other potential sources of CO such as emissions from automobiles 

along the Kansas City interstate highways i-35 and i-70, and coal power plants in the US 

were plotted to confirm that these were the reason for the enhancement of CO.  

 

Figure 5.33: Map of US showing the back trajectory and Sources of CO on the 4th of December 2019. 

From figure 5.33 above, the backward trajectories superimposed with the fire 

occurrence locations derived from the MODIS fire detection product shows that the back 

trajectory following the path from North Pacific Ocean, passing through states in the west 
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and into the Northern Great Plains which includes Montana, South Dakota, Nebraska and 

arriving in Kansas City. The states in the west and Northern Great Plains had multiple fire 

occurrences in the days leading up to the 4th of December where the CO concentration was 

at its peak.  

Although the air trajectory path into Kansas City was not affected by the emissions 

from motor vehicles on the 2 Interstate in other states, in-situ emissions from vehicles, and 

the coal fire power plants located in the Northern Great Plains entered the atmosphere and 

influenced the increase as the air flowed through their path into Kansas City, a correlation 

matrix of all the air constituents was plotted for the 4th of December to determine whether 

any other constituents may have been affected by biomass burning and other sources both 

in-situ or from the Great Plains. 

 

Figure 5.34: Correlation Matrix of air pollutants on the 4th of December 2019 
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The correlation matrix plotted using R shows the correlation between CO, NO2, 

SO2 and PM2.5 on the 4th of December 2019 using a 95% confidence interval. In Figure 5.34 

above the correlation between CO and NO2 has a significant positive correlation of 0.85. 

Both CO and NO2 correlation indicate that the air circulation path which was coming in 

from the west, and Northern Great Plains may have been influencing the increase of both 

CO and NO2 during the 5 days leading up to the 4th of December 2019. There was also a 

positive correlation between CO and PM2.5 of 0.82 with a p-value of 8.958e-07. This 

correlation indicates that the emissions from fires also played a role in the increase of CO 

concentration in Kansas City.  

The table below represent a summary of the CO concentration and the different sources of 

CO enhancement in July and December 2019.  

Table 5.6: Sources of CO and Locations in the United States in 2019 

CO 

LEVELS 

DATE   

TIME  500 LEVEL 1000 LEVEL 1500 LEVEL 

  Location  Sources of 

Pollution   

Location  Sources of 

Pollution   

Location  Sources of 

Pollution   

July 2019 

07/21 7PM CAN FIRE CAN FIRE CAN FIRE 

07/22 7PM CAN FIRE CAN FIRE CAN FIRE 

07/23 7PM MN FIRE MN FIRE MN FIRE 

07/24 7PM MO FIRE MO FIRE MO FIRE 

07/25 7PM MO FIRE MO FIRE MO FIRE  

December 2019 

11/30 7PM NPO  NPO  NPO  

12/01 7PM CA COAL 

POWER 

PLANT 

CA COAL POWER 

PLANT 

CA COAL POWER 

PLANT 

12/02 7PM OR FIRE OR FIRE WA COAL POWER 

PLANT 

12/03 7PM MT FIRE MT FIRE MT FIRE 
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12/04 7PM NE COAL 

POWER 

PLANT 

NE COAL POWER 

PLANT 

NE COAL POWER 

PLANT 

 

From the table 5.6 above, the sources of the enhancement of CO were majorly from 

emissions from biomass burning and coal-fired power plants located along the air path into 

Kansas City. In the month of July, the back trajectory shows the air flowing in from the 

Midwest and in December, the back trajectory shows the air coming in from Northern Great 

Plains.  The emissions from fires and coal fired power plants located along the air path led 

to the enhancement of CO in the summer and winter season in 2019. There is a strong 

positive co-occurrence NO2 and CO in the months of July and December 2019 than with 

aby other pollutants, this co-occurrence shows that the increase in concentration resulted 

from the emissions of biomass burning and coal-fired power plant in respect to 

concentration increase from the emissions from transportation vehicles.  
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CHAPTER 6. CONCLUSION 

Through a set of illustrative examples, the link between the enhancement of CO and 

biomass burning has been established. The results for a 5-year daily data showed that 

Kansas City metro area air quality is affected mostly in the summer and winter season by 

the biomass burning emissions from the Northern Great Plains. This has led to the 

enhancement of CO levels from the baseline concentration for the 5-year average data. 

In the 5 years data, CO has peaks in the months of July and August 2015 (Summer season), 

in the months of May and December 2016 (spring and winter season), in the month of 

September 2017 (summer season), in the months of May and August 2018 (spring and 

summer season), and in the months of July and December 2019 (summer and winter 

season). The CO level in the summer months were all enhanced due to biomass burning 

emitted into the atmosphere either in the preceding days before the peak and/or on the day 

the peak occurred. Transportation and urban emissions also influenced the CO 

enhancement level during the peak period as we have concentrations increase during the 

rush hours along the i-35 and i-70 interstate highway. The effect of the biomass burning 

emissions from the Southern Great Plains were minimal with a few exceptions from 

biomass burning in flint hills and other fires in the state of Kansas.  

CO enhancement on the 13th of September 2017 was unique due to the air circulation flow 

pattern, the 5-day back trajectory shows the different sources of CO concentration all 

coming from the same region and circulating around Kansas City. The synoptic 

environment on September 2017 shows the atmospheric circulation in the US to be highly 

meridional. But the circulation behaved in an unusual way by "flipping" at mid-month, 

changing from a stable long-wave ridge-West/trough-East pattern for the first half of the 

month to a pattern consisting of a trough in the West and ridge in the East for the last half 

of the month. 
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Analyses of the co-occurrence of CO with nitrogen dioxide, sulfur dioxide and particulate 

matter 2.5 show that during the peak period of CO, Nitrogen dioxide has a strong 

correlation with Carbon monoxide for the 5-year period. This may have resulted from 

biomass burning emissions in the air flowing into Kansas City carrying along with its 

nitrogen dioxide as it arrives at Kansas City. At the same time transportation emissions 

from the i-35 and i-70 interstate highways may also have been carried alongside the 

biomass emission leading to the positive correlation of these two pollutants. The correlation 

of carbon monoxide and particulate matter 2.5 for a 5-year period was also a positive 

correlation. This may have resulted from the emissions generated by biomass burning being 

advected as the air travelled over the fires into the Kansas City Metro Area. There was little 

to no correlation between carbon monoxide and sulfur dioxide in the 5-year study period. 

This may mean that when the emissions from biomass burning and transportation vehicles 

were influencing the increase in CO and the other pollutants, sulfur dioxide concentration 

increase is not influenced by these emissions sources.  

Further studies into this topic would be to expand this study on a regional scale and use 

other biomarkers as tracers for biomass burning and link the synoptic environment to the 

biomass burning on a global scale.   
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