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ABSTRACT
According to the National Aeronautics and Space Administration the past 20 years have included 10 of the warmest years since the recording of annual global temperature began. This past year of 2016 has been recorded as the warmest temperature yet. Anthropogenic emissions have been scientifically implicated to be a predominant factor in this warming. In response to concerns of overall human emissions, global efforts have been implemented to reduce and limit air pollution. Universal acts, like the Paris Agreement, are examples of such responses, which created a collective action of nations to address climate change. Strategies to regulate and limit air pollution are proving to be effective along with the utilization of alternative fuel sources in combating global warming. Sulfur dioxide is a hazardous air pollutant which is stringently regulated. This pollutant is found in many exhaust fumes of fossil fuel energy production and natural occurring phenomena like volcanoes. Over the past decades this particular pollutant has decreased its overall emission significantly as new fuel sources are discovered and cleaner burning processes are developed. While the decrease of this air pollutant is significant for immediate public health and the environment, this decline can affect climate patterns. Sulfur dioxide reacts with other atmospheric compounds to form sulfate aerosols. These aerosols have an impact on regional and global climate. The physical properties allow for the reflection of solar radiation and the facilitation of cloud formation. Global dimming is a concept where aerosol coverage counterbalances the warming effects of greenhouse gases, ultimately slowing surface warming potential. Would a diminishing coverage of aerosol accelerate global warming? Reducing air pollution is crucial to preserving and protecting public health, but can this effort consequently effect the future of global warming? 
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1.0  Introduction

Climate change is a controversial topic in today’s society even with substantial evidence provided by scientific data fortifying the hypothesis. The science investigating the phenomenon is complex and still growing, thus leaving some explanations vague and even misunderstood. A plethora of evidence pinpoints human emissions as the predominant force of global warming. World-wide average temperatures have been increasing each year for decades and humankind has put forth an effort to reduce its potential anthropogenic warming. Countries of the world are pledging to set emission standards and lower emissions in hopes of preventing projected temperature increases based on various climate models. Regulations on emissions have been implemented for decades and are adapted to current scientific knowledge. As technological advancements and use of cleaner energy sources facilitate our capabilities to decrease overall emission, the scientific community needs to gain an understanding of climate change effects in respect to atmospheric chemistry. The role of chemical compounds in the atmosphere is a complicated science, whether the chemicals are occurring naturally, anthropogenically, or in combination. In addition to identifying the chemical reactions of human emissions, the potential future increase in temperature that can facilitate reaction properties and lifetime duration of the chemicals needs to be considered.
As a service to the public, government agencies and various organizations evaluate and report ambient air conditions. Under the amended Clean Air Act (CAA) of the 1990s, the Environmental Protection Agency (EPA) devised a list of six pollutants of highest concern to both the environment and public health. Those closely observed pollutants are carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter, and sulfur dioxide. Two standards are enforced, the primary National Ambient Air Quality Standards (NAAQS) protects public health while secondary NAAQS protect public welfare. I have chosen to investigate sulfur dioxide (a primary pollutant) with regard to its involvement in climate change. 

Sulfur dioxide is extensively monitored due to its harmful effects on public health and the environment. This chemical compound is emitted through various sources of both human activity and natural occurrence. The main human sources of SO2 emissions are caused by industrial generation of electricity through fossil fuels, processing materials containing SO2, and motor vehicle emissions. 
Natural sources of SO2 include volcanic eruptions and smoke from forest fires. However, these only account for a small amount of SO2 emissions (Department of the Environment and Heritage, 2005). The majority of SO2 emissions are anthropogenic in nature, largely from burning coal. When emitted into the troposphere, due to its highly reactive nature, sulfur dioxide can yield multiple chemical forms such as sulfurous and sulfuric acids. Sulfur dioxide can also deposit on soil and in water sources to produce sulfates. Deposition in both surface and air can result in negative consequences. Sulfates can create acidic soils and rains causing turmoil to all facets of life. In this essay the focus will be on the reaction of SO2 in the atmosphere. Generally, SO2 accumulation in the troposphere is short lived due to precipitation and settling. In contrast, when SO2 reaches the stratosphere it can remain for years, ultimately having a cooling effect on Earth’s surface. Ambient sulfate aerosols pose a spectrum of effects both directly and indirectly. 

Scientific organizations recognize that the Intergovernmental Panel on Climate Change (IPCC) uses few climate models that consider aerosols effects. Aerosols are liquids (excluding water droplets and ice crystals) or solids suspended in the atmosphere. In this scenario, sulfate aerosols are of concern. We inhabit a world where science has identified a constant temperature increase, resulting in more stringent regulations of emissions to combat warming. In this essay, I will investigate the effects of SO2 on climate change. The effects of aerosols on climate change are not clearly understood. Decreasing SO2 emissions may increase global warming due to the effects of sulfur containing aerosols derived from SO2. Ultimately, will our efforts in reducing overall emissions result in an unexpected increase in global warming due to the uncertainty of direct and indirect effects of aerosols?
2.0  REVIEW
In Italy during the 1600s, records indicate the invention and implementation of the first thermometer (Sherry, 2011), progressively leading to the formation of the first meteorological network in 1653 where temperatures were consistently recorded and reported to scientific journals (Kingston, 1988). During the 1890s Svante Arrhenius determined carbon dioxide (CO2) to be a greenhouse gas through the application of physical chemistry principles. He predicted increases of CO2 would result in an increase of Earth’s surface temperature. In the late 1950s, measurements regarding the chemical composition of the atmosphere began to be published (Keeling, 1961). Charles Keeling’s research presented data suggesting fossil fuel combustion emissions resulted in an observed increased concentration of carbon dioxide. During the 1950s, carbon dioxide concentrations increased at the South Pole by 1.3 ppm (part per million) per year and 1.2 ppm in the northern Pacific Ocean. In 2016, NOAA reported that the atmospheric CO2 concentration was over 400 ppb at Antarctica. Additionally, 2016 was the warmest year recorded.
Climate changes can be caused by several interacting factors (Forster et. al, 2007). Ecosystems, oceans and weather variations provide solid evidence displaying the effects of climate change. Both natural causes and human driven actions contribute to these changes. Human emissions of large quantities of various greenhouse gases into the atmosphere is a significant contribution to global warming (USGCRP, 2014). Greenhouse gases trap heat in the atmosphere resulting in a warming effect. Infrared radiation (IR) from the sun reflects on the Earth’s surface radiating into the atmosphere where greenhouse gases trap the IR and radiate it back toward the surface. The atmospheric lifetime of a gas is a key property characterizing a greenhouse gas along with its ability to absorb energy. Carbon dioxide is the predominant greenhouse gas that is released into the atmosphere in billions of tons. CO2 is approximately 81% of total greenhouse emission in the US (USGCRP, 2014). Earth’s carbon cycle is being altered by human activity due to the increased emission of CO2 along with deforestation. Forests absorb atmospheric carbon dioxide, playing the role of a natural sink. Due to various interacting factors in the carbon cycle, the Environmental Protection Agency (EPA) stated that CO2 residence time in the atmosphere is unknown but has been speculated to reach thousands of years. Methane, nitrous oxide, and fluorinated gases are also greenhouse gases. Combustion of fossil fuels is a main source of CO2 as well as other pollutants, such as SO2. In 2015, the amount of CO2 emitted globally was estimated to be 36.2 billion tonnes (PBL & JCL, 2016). SO2 emissions in 2010 were around 95 million tonnes (Klimont et al., 2013).  Comparison wise, it’s a large difference in emission. 
 Sulfur dioxide is not considered a greenhouse gas. Due to its high reactivity, sulfur dioxide is a short lived gas. SO2 rapidly reacts with water vapor to create sulfuric acid which leaves the atmosphere as acid rain. Before becoming acid rain, while in the atmosphere sulfuric acid reflects sunlight as opposed to greenhouse gases absorption. Alone SO2 itself has an unknown global warming potential due to spatial variability in the atmosphere and short life (EPA, 2002). SO2 can also be converted to atmospheric aerosols which may have an impact on global warming. 
2.1 Chemistry & Reactions of Sulfur Dioxide

Sulfur dioxide is a criteria pollutant and is regulated stringently. A criteria pollutant is identified by the EPA as one of six common air pollutants regulated through National Ambient Air Quality Standards (NAAQS). Criteria pollutants are monitored because of their potential adverse health effects. Regulations targeting SO2 emission equivocally pertain to all other sulfur oxides (SOx). This colorless gaseous chemical is harmful to both the environment and human health. SO2 is two times denser than air and can be identified by its odor of burnt matches. Elemental sulfur is frequently found as a contaminant in many compounds, such as coal and metal ores. When these compounds are burned or refined in the presence of oxygen then sulfur dioxide is formed (Equation 1). 

Equation 1: S(s) + O2 (g) → SO2 (g)

SO2 is a short lived gas in the troposphere due to its high reactivity.  In the absence of clouds, SO2 is rapidly converted to sulfuric acid (H2SO4), a reaction that is initiated by the hydroxyl radical (Equations 2-4) (Finlayson-Pitts and Pitts,2000 & Baird and Cann, 2012). 

Equation 2: SO2 (g) + OH● →SO3H● (g)
Equation 3: SO3H● (g) + O2 (g) → SO3 + HOO●
Equation 4: SO3 (g) + H2O (g) → H2SO4 (aq)

The sulfuric acid produced by this mechanism reacts with water to form an aerosol of droplets.  Since the reaction of hydroperoxyl radical HOO● with NO (another primary pollutant) regenerates OH● (Equation 5), then the overall reaction can be portrayed as that shown in Equation 6.

Equation 5:  HO2● + NO → OH●+ NO2
Equation 6:  SO2 + NO → H2SO4 + NO2
Only a small amount of SO2 reacts by this series of gas-phase reactions; the rest is either deposited or dissolves in water and reacts as follows to form sulfurous acid (H2SO3).

Equation 7: SO2 + H2O ↔H2SO3
However, this series of reactions do not always occur. Dissolved SO2 can also be oxidized by hydrogen peroxide (H2O2) or ozone to sulfate anions (SO42-).  Ammonia (NH3) is a tropospheric base that reacts with sulfuric acid to form ammonium bisulfate (NH4HSO4) and ammonium sulfate ((NH4)2SO4). These products dissolve in water and when it rains the compounds are washed out of the atmosphere.  Sulfur dioxide is a main cause of acid rain.
2.2 Direct & Indirect Effects

Both liquid and solid particles (excluding water droplets or ice crystals) suspended in the atmosphere are aerosols. As previously mentioned, sulfate aerosols are formed by sulfuric acid and water mixtures. Common groups of aerosols include sulfates, organic carbon, black carbon, nitrates, and mineral dust (Voiland, 2010). Sulfates are classified as secondary aerosols because they are formed by condensation rather than direct emission; i.e. mineral dust is a primary aerosol. Aerosolized sulfates are said to remain in the atmosphere at low altitudes for weeks before being removed by precipitation and settling (Voiland, 2010). The effects of aerosols are dependent on size, color, and composition of particles. Small aerosols (< 10 m) can be inhaled and transported to the lungs where they can come into contact with alveoli and even enter the bloodstream. Thus, the smaller the aerosol, the more harmful it can be.
Translucent or bright aerosol particles reflect radiation while darker colored particles absorb radiation. Voiland (2010) identifies both organic and black carbon as having a warming effect compared to pure sulfates that reflect radiation to provide a cooling effect. The physical properties of aerosols act in two ways that can be seen as advantageous. One is that the sulfate aerosols can block and reflect incoming solar radiation.  Secondly, the aerosols act as a cloud condensation nuclei (CCN). This means that the aerosol particle provides surface area for water vapor condensation leading to cloud formation. Clouds also reflect the solar radiation from reaching the Earth’s surface. Greenhouse gases, as previously discussed, are known to retain heat and warm the atmosphere. However, sulfates are thought to create a cooling effect due to their reflective properties and CCN role (Wigley, 1991). A volcanic eruption in the Philippines during the early 1990s released millions of tons of SO2, which reacted to form sulfate aerosols (Forster et al., 2007). Scientists observed a global temperature drop of half a degree for approximately two years after this event (Voiland, 2010). Thus, aerosolized sulfates exhibit chemical properties that have direct effects on solar radiation (reflectance) and indirect effects such as cloud formation. The presence of SO2 has also been suggested to increase stratospheric humidity or water vapor. Tropospheric ice crystals, created from the condensation nuclei role of the SO2, may move into the lower stratosphere where they will persist for a much longer period, increase condensation and the development of clouds (Notholt et al, 2005). SO2 has a short atmospheric lifetime of approximately 7 to 10 days (Penner, 2001 & Notholt, 2005).  Satellite instruments have measured seasonal SO2 lifetimes over industrial regions in the United States, with mean lifetimes of 13 hours and 48 hours in summer and winter respectively (Lee et al., 2011).  However, when enormous amounts of SO2 are dumped rapidly into the atmosphere (e.g. volcanic eruptions) then the tropospheric lifetime of SO2 can be months.  Sulfate aerosols are short-lived in the troposphere (a few days) in contrast to stratosphere (approximately a year or more) (Rasch et al., 2008).
2.3 Emission

Emissions of SO2 have both natural and anthropogenic sources. Sulfur dioxide is a ubiquitous pollutant in Earth’s atmosphere. Forest fires, volcanic eruptions, and biogenic processes are examples of natural sources of emission. The processing of minerals containing sulfur and the burning of fossil fuels are the main sources of SO2 emissions (See Figure 1). Sulfur dioxide is industrially produced for various uses. Such uses include disinfectants, food preservatives, and bleaching agents for straw or wool (ATSDR, 1998a). SO2 is largely produced as a precursor to sulfuric acid, which is reacted with ammonia (NH3) for use as a fertilizer. Power plants burn fossil fuels to create electricity. The generation of electricity through the burning of coal, oil, and gas emit SO2 along with other pollutants. In Figure 1 the global emission of SO2 by both end-use and source are shown from 1875-2005 (Smith et al. 2011). 

Figure 1. Global SO2 emissions by primary source and sector use.

From Smith, S. J., van Aardenne, J., Klimont, Z., Andres, R. J., Volke, A., and Delgado Arias, S. (2011). Anthropogenic sulfur dioxide emissions: 1850–2005, Atmos. Chem. Phys., 11, 1101-1116, doi:10.5194/acp-11-1101-2011, 2011.

The emissions of SO2 have changed in respect to both process and source over time. There was a substantial increase in SO2 emissions from 1950 to 1975. From 1900 to the 1970s there was an estimated two to six-fold increase in the emission of SO2 (Mylona, 1996). Around 1970 sulfur dioxide emissions peaked at greater than 125,000 Gg (gigagram). However, an overall decrease in SO2 emissions has taken place over the last few decades. The continual decrease in global SO2 emissions is most likely a result of regulatory actions, refinement of fuels with a lower sulfur content, the use of SO2 scrubber systems in power plants and alternative fuel utilization. None the less, there is a consistent presence of SO2 in our atmosphere at various levels.  Current estimates put anthropogenic SO2 emissions at roughly twice that of volcanoes (Carn et al, 2017)

Global emissions of SO2 have changed drastically both regionally and temporally. Anthropogenic emissions of SO2 are estimated by region below (Figure 2). Sulfur dioxide emissions have decreased in many regions after peak emissions in the 1970s. However, East Asia, international shipping and developing countries have increased SO2 emissions, contributing to 30% of the global SO2 emissions, in contrast to the Americas and Europe after the 1970s (Smith et al 2011). In Figure 2 East Asia is comprised of China, Japan and South Korea. 

Figure 2. Global Anthropogenic SO2 emissions by region.

From Smith, S. J., van Aardenne, J., Klimont, Z., Andres, R. J., Volke, A., and Delgado Arias, S. (2011). Anthropogenic sulfur dioxide emissions: 1850–2005, Atmos. Chem. Phys., 11, 1101-1116, doi:10.5194/acp-11-1101-2011, 2011.
Klimont, Smith and Cofala (2013) update and expand upon data by Smith (2011). The data examines the years of 2000 through 2011. Their data fortified the notion of Asia increasing total SO2 emissions while Europe and North America continue to reduce emission. Klimont and colleagues noted a brief declining emission trend in China after 2006 to 2011. China’s emissions declined due to stricter regulation resulting in the desulfurization of power plants (Klimont et. al., 2013). India was acknowledged as having a steady increase in emission of SO2. The authors presented concerns for regional and global climate change due to the decreasing SO2 emissions levels. Klimont’s worries address the lack of aerosol masking by SO2, which counters a proportion of greenhouse gas warming. 
2.4 Toxicology
The Agency for Toxic Substances and Disease Registry (ATSDR) has stated sulfur dioxide to have an adverse effect on both the immune and respiratory systems of humans. Adverse health effects of the inhalation of SO2 are airway impairment, trouble breathing, and a burning sensation in both the nasal and pharyngeal cavities (ATSDR, 1998a). The most susceptible populations to exposure of SO2 are young children, the elderly, and those who have preexisting respiratory ailments like asthma or chronic obstructive pulmonary disorder (COPD). Occupational populations are at an increased risk of exposure compared to the general public (ATSDR, 1998a). This increased risk is a result of being exposed to SO2 more frequently and at longer durations. Exposure to high concentrations of SO2 can increase incidences of respiratory disease and mortality (WHO,1977). Even at low SO2 concentrations of 1 ppm, respiratory issues arise and continued exposure can be fatal.
Inhalation and dermal contact are main routes of exposure. Once inhaled into the nasal cavity and lungs SO2 can enter the bloodstream rapidly due to high permeability through biomembranes. Products of SO2 like sulfuric acid and sulfur trioxide are extremely hazardous to human health. Sulfuric acid exposure is harmful to skin, eyes, respiratory, and gastrointestinal tracts (ATSDR, 1998b). An example of the danger related to sulfuric acid occurred in 1952, when a hazardous smog developed in London that reduced visibility and caused respiratory afflictions. Victims developed bronchopneumonia as well as hypoxia (inadequate oxygen intake). The smog was created from coal burning that created high concentrations of SO2 which were believed to create sulfuric acid droplets (Bernard et al., 2001). This smog resulted in ~10,000 fatalities.  Thus, SO2 and its derivatives are a great concern to public health.
Table 1. Lethal Dose 50 (LD50) of sulfur dioxide, sulfur trioxide, sulfuric acid in rat populations through oral exposures.

	Chemical
	Lethal Dose (LD50)
	Route of Exposure
	Species

	*SO2
	100 ppm
	Oral
	Rat

	In healthy adults, SO2 exposures of 5 ppm can cause airway resistance, 10 ppm results in coughing and sneezing, and 20 ppm creates bronchospasms (ATSDR). SO2 is denser than air, thus in closed or poorly ventilated areas can result in asphyxiation.

	SO3
	N/A
	N/A
	N/A

	H2SO3 (sulfurous acid) is a severe respiratory irritant formed by reactions SO2 and mucous membrane moisture.

	**H2SO4
	15 mg/m3 = 3.74 ppm
	Oral
	Rat


*From Centers for Disease Control and Prevention: National Institute for Occupational Safety and Health (1994a). Sulfuric Acid: Immediately Dangerous to Life or Health Concentrations (IDLH) Retrieved March 30, 2017, from https://www.cdc.gov/niosh/idlh/7664939.html
**Centers for Disease Control and Prevention: National Institute for Occupational Safety and Health (1994b). Sulfur Dioxide: Immediately Dangerous to Life or Health Concentrations (IDLH) Retrieved March 30, 2017, from https://www.cdc.gov/niosh/idlh/7446095.html
2.5 THE PROBLEM SUMMARIZED
Both climate change and SO2 can affect the overall health of populations as well as the environment. NASA and NOAA predict temperatures to increase yearly following current trends. SO2 emissions are declining, and regulations are proving to be effective, but greenhouse gases are still being emitted at an alarming rate. Air pollutants from emissions such as SO2 are without a doubt harmful, but there is an aspect of aerosols that may prove beneficial. Solar radiation reflection by aerosols provides surface cooling that counters the warming effects of greenhouse gases. These statements pose the question of, “can diminishing [SO2-dependent] aerosols accelerate global warming.” If this is proven to be plausible, what can the collective action of humankind do in response to this problem? 
3.0  ANALYTICAL INTERPRETATION
Through models, multifaceted research strategies, and observable natural events, the scientific community has sought to understand the effects of aerosols in our atmosphere. As previously mentioned, atmospheric chemistry varies regionally and temporally, resulting in complex data sets that are difficult to interpret with high confidence. The ability to absorb incoming solar energy creates a warming effect, this is known as a positive radiation force. Science has identified greenhouse gases as positive radiating forces. Sulfur dioxide emissions resulting in sulfate aerosols have displayed a net cooling effect, or a negative radiating force. 

Climate models are adapting more parameters for an improved overall estimation of possible factors affecting climate change and have recently begun incorporating radiative forcing (RF) into these models. Examples of model improvement include aerosol optic depth (AOD) data.  AOD estimates how much sunlight is reaching the surface with respect to aerosol or cloud coverage. Sulfate aerosols had the highest AOD, besides dust and sea salt, since preindustrial times (Tsigaridis et al., 2006). The indirect effects of SO2, i.e. cloud formation, are quite difficult to model on a global basis as there are large differences in the geographical production of SO2.  For example, more humid areas may produce larger sulfuric acid droplets.  Also, both the chemical composition of the sulfate aerosols and the physical dimensions of the clouds formed by these particles have probably not been adequately modeled.
P. L. Ward (2009) published an article relating historical volcanic eruptions and climate change.  The author suggests, based on 542 million years of volcanic eruptions, that “the concentration of SO2 has been the primary cause of climate change prior to the industrial revolution.” Volcanic eruptions are responsible for the emission of large amounts of SO2.  As previously stated (see section 2.1), SO2 reacts rapidly with hydroxyl radical.  Many greenhouse gases, such as methane, are removed from the atmosphere by reactions with hydroxyl radical.  It has been argued that when very large amounts of SO2 are quickly emitted into the atmosphere (such as multiple, prolonged volcanic eruptions) that the oxidizing capacity of the atmosphere (hydroxyl, as well as hydroperoxyl radicals) is overwhelmed and global warming ensues (Ward, 2009). However, Ward and the IPCC also argue that during moderate volcanic activity (1-2 eruptions per year) indirect effects of SO2, cloud condensation nuclei and or aerosol accumulation due to H2SO4 formation, cause solar reflection.   This decrease in solar heat leads to a cooling effect often lasting for several years. Higher concentrations of aerosols allow for more water condensation on the particles which create a vast amount of small droplets (Voiland, 2010). The surplus of smaller droplets creates a denser and brighter cloud that increases the overall reflectivity providing negative feedback, or the cloud albedo effect (Forster et al., 2007). These denser cloud formations display increases in height and a generally longer life, described as the cloud life effect (Forster et al., 2007). 
While global SO2 emissions have decreased, there have been regional increases (e.g. East Asia, Figure 2). Notholt et al. (2005) have suggested that the East Asian increase in SO2 correlated with an increase in stratospheric humidity. Additionally, in cloud-free air, the radiative scattering of sulfate aerosols in the Northern Hemisphere potentially contributed 1-2 Kelvins of cooling (Charlston et el., 1991). This observed cooling effect, influenced by the reflectivity of high numbers of sulfate aerosols without the formation of clouds displays the potentially large impact aerosols can have on climate.  These identified regional SO2 emissions have the potential to cause global climate change. However, SO2 emissions globally are nowhere near the peak seen in the early 1970s. 
The amount of sulfur dioxide in the atmosphere has potential to either warm or cool the surface. Too much SO2 can deplete the oxidizing capacity of the atmosphere, leaving greenhouse gases the ability to accumulate, thus increasing temperature (Ward, 2009). Acid rain and its toxic effects are also concerns if atmospheric SO2 levels increase. Less SO2 allows more solar radiation to reach the surface due to lack of light scattering and cloud formation (Forster et al., 2007) by sulfate containing aerosols. However, the large amount of global cooling observed after volcanic eruptions are likely due to a much more rapid rate of SO2 emission versus those from coal burning, for example.  In addition, volcanic eruptions are also accompanied by large amounts of soot unlike anthropogenic SO2 emissions.  Thus, it is still very difficult to determine with any confidence the overall quantitative effects of SO2 emissions on global warming. Could there be an acceptable level of SO2 emissions, where the adverse consequences to climate and public health are limited or canceled? In order to postulate this equilibrium, we must first be very sure of the effects of SO2.  We have only recently begun to get reliable global SO2 concentrations and the modeling of the total effects of aerosol reflection and cloud formation is in its infancy.  Some global collective action to limit total SO2 emissions to meet standards provided by science would be a sensible route. Nonetheless, that strategy seems farfetched and unobtainable due to political instability and the constant debate over scientific findings.
These stated indirect and direct effects of aerosols influencing the climate are fundamentally accepted and are being continuously examined to produce more accurate interpretations for their effect on climate change. The arguments presented here illustrate how sulfate aerosols produced by the burning of sulfur dioxide and SO2 containing minerals can have an effect on climate. Over the past 100 years the emission of SO2 has drastically changed yet remains one of the most common aerosol groups. Conversely, greenhouse gasses, specifically CO2 is emitted at alarming rates. Carbon dioxide emissions from man-made sources absolutely dwarf those from natural sources.  As a result, the average global temperature has been breaking records over the last decade. To prevent further change global action to use non-fossil fuel sources and cleaner emission processes are promoted. Overall reducing air pollution simultaneously decreases aerosol coverage. The aerosol effect seems to act as a regulator on climate change, where it is limiting the effect of anthropogenic warming. Diminishing sulfate aerosols may have a large impact on global and regional climate due to its prevalence and atmospheric consistency. 
It follows that predicting future temperature measurements as overall greenhouse emissions decline may become difficult. Temperatures can still rise despite our best efforts to reduce emissions. This is because of the lack of understanding of the overall role aerosols play in climatic effects. Over time Earth’s atmosphere would change and thus the incidence of solar rays reaching the surface would change resulting in changing surface temperatures. If this were to happen, society would be faced with a public health dilemma. Questions could arise of whether the efforts to reduce emissions were effective when the underlying variable of aerosol impact was underrepresented. 
4.0  Conclusion
Temperatures are increasing globally and humankind is acting to prevent and lessen future complications. Science and industry are striving to find safer alternative fuel sources. While governments and law are regulating emissions of fuels that display adverse effects with hopes to preserve the environment as well as protect human health. Projections from climate models seek to display beneficial outcomes from attempting to reduce total emissions, but significant uncertainty remains. In this essay, the idea has been developed that needs to be placed on incorporating aerosol radiative forcing into prospective climate modeling. Lacking an estimated effect from this process can provide false information.  This lack of precision creates a significant problem in forecasting future climate patterns. Resources need to be continually allocated to research on aerosols to increase our scientific knowledge of this subject.

One of the major sources (~50%) of SO2 is the burning of coal. Currently, the US is set to try and bolster coal mining and hence coal burning. The pursuit of this act can increase overall emissions and decrease the strides made to reduce air pollution. Modern coal operations use cleaner methods of extracting and burning the mineral which limits the overall emission of the procedure. There are still many coal plants that lack these advanced techniques that limit air pollution. These potential actions leave much concern for surrounding areas where air quality has become better after the closing of these plants. Reduction in acid rain due to decreased SO2 emissions has been a major success for protecting the environment. Reviving the coal business is likely a step in the wrong direction for the preservation of our climate. 

Hypotheses of aerosol cooling counterbalancing the warming produced by greenhouse gases have scientific merit. However, many models used by the IPCC lack aerosol climatic effects. This neglect potentially underestimates forthcoming climate change. Andreae (2005) suggests that climate change will precede to dangerous approximations or even exceed IPCC estimates but does not include the effects of aerosol and cloud reflections of solar energy. Many efforts are being made to reduce and deviate from emitting certain pollutants but not enough effort is being made to reduce greenhouse gases, such as CO2. 
Geoengineering techniques have recently been proposed to fortify the number of aerosol sulfates in the atmosphere. Some scientists have developed ideas based on the ability of volcanic eruptions of SO2 providing a cooling effect. Some would like to counter the CO2 presence by injecting SO2 into the atmosphere by aircraft, balloon, and even artillery shells (Rasch et. al, 2008). There are several issues with pursuing this idea. There are ethical, legal, and moral considerations for both human and environmental impacts. Many questions concerning the environment and public health would originate from this idea. Would it cause more acid rain causing agricultural issues or cause adverse health problems? Additionally, the financial and political issues this task would face could be unsurpassable. Approval for such a program of polluting the atmosphere to deter temperature warming could be one of the most debated topics to face the political system. Funding an experiment of this size would be a large question in addition to the mentioned considerations. Until the science of aerosol effects is better understood, efforts to reduce greenhouse gasses should be the main goal of preventing climate change.

From a personal perspective, I think that SO2 emissions have an effect on climate change but not nearly as large as CO2. The resulting sulfate aerosols have both direct and indirect effects on the climate to an extent. I do not think that the coverage aerosols provide through reflection and cloud modification has a significant impact on cooling the surface. Volcanic eruptions which put large amounts of SO2 into the atmosphere very quickly, differ from the larger amounts of SO2 that are from anthropogenic sources in that these enter the environment more slowly.  Anthropogenic aerosols are said to only have a global cooling effect of about 8% (Alpert & Kishcha, 2008). Global dimming is a phenomenon worth investigating, but CO2 emission should remain a priority when combating global warming. 
It seems reasonably clear that anthropogenic sources of SO2 have much less of a cooling effect than volcanic emissions. However, the negating of greenhouse gas warming by aerosols is a topic I would like the scientific community to examine more deeply.  It seems important to measure the masking potential (reflection ability) of SO2 derived aerosols. Perhaps, the combined aerosol masking and decreasing total CO2 emission would slow global warming considerably. Until a breakthrough of this scale is forthcoming, SO2 should not be considered beneficial for the climate in any way. 
In regards to the overall emission of SO2, I would advise the continued decrease in emission through regulation limits and the utilization of alternative fuel sources. SO2 is a criteria air pollutant and to protect public health and the environment; efforts should be made to reduce SO2 emission to the fullest extent. Geoengineering SO2 strategies are bold ideas to modify the climate, but the uncertainty of adverse effects it could cause is discouraging. Similarly, political plans to revive coal production would not be beneficial in long term health for both the surrounding environments and general public health. The short term creation of jobs and a cheaper source of energy is appealing, but technology and science has identified less toxic, more convenient ways of obtaining energy. Depending on the location of the coal operations SO2 emissions could have several possible impacts. In Indiana, there is a vast number of coal plants and mines that could benefit from the proposed revival. This action could create acid rain formation which can negatively impact food supply on local farmlands and have a major impact on agricultural stability. The air pollution could also be transported by wind currents to eastern areas where air quality has dramatically improved, such as Pittsburgh, Pennsylvania.
To conclude, SO2 should not be considered beneficial in any way on the climate with respect to global dimming. This criteria air pollutant is a public health and environmental concern. In addition, humankind should not underestimate the consequences of climate change. The underlying significance of these climate change studies is that we do have an impact on our surroundings. As the understanding of atmospheric science increases, our efforts to further reduce climate changes will adapt. Communicating that it is never too late to lower emissions and promote more sustainable ways of living to the public is a task of the scientific community. Continuing collective action like the Paris Agreement and using eco-friendly energy to reduce overall emissions serves as a successful public address. Science can empower the public by informing them so that they can protect and preserve the environment by their activities. By providing the public with information relating to their daily lives, opinions can be made, actions proposed, regulations passed, and public health can prosper. Forming this type of collective action is essential to current and future public health, a community of people who care about pollution, emission, and changing climate. 
Ultimately, climate is indeed affected by sulfur dioxide emissions. The direct and indirect effects of SO2 mentioned are evidence supporting this claim. However, sulfur dioxide is not the primary contributor to these changes. Sulfur dioxide’s effect on our climate is not as significant as carbon dioxide emission. Nonetheless, reduction in overall emission of both these specific pollutants should continue. The discussed research signifies technological advancements and regulatory actions combined effect has decreased sulfur dioxide’s capability of changing the climate. 
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