
  Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019  3002 *Corresponding Author: Wilson Nwankwo, Email: nwankwo.wilson@edouniversity.edu.ng Article History: Received: July 02, 2019, Accepted: Sep 28, 2019 An X-Ray of Connectivity between Climate Change and Particulate Pollutions  Wilson Nwankwo1, a *,Kingsley Eghonghon Ukhurebor 1Cyberphysical/Green Computing Lab, Dept. of Computer Science, Edo University Iyamho, Nigeria. 2Climatic/Environmental/Telecoms Unit, Department of Physics, Edo University Iyamho, Nigeria.  Abstract- Presently, there has been several scientific debates among climate researchers and environmental engineers regarding the main source of global warming which invariably result to climate change. The obvious argument that the core source of global warming is not just CO2 heat retention and other greenhouse gases, but particulate pollution that absorbs radiation, heats the troposphere and decreases the effectiveness of atmospheric-convective heat exclusion from the surface of the earth. However, research has continued in a bid to unravel this phenomenon which is a potential cause for alarm to the world we live in. In this review we present a concise but stimulating account on the connection between climate change and particulate pollutions.This paper draws from works done over decades and follows an analytical approach contrary to the position of manyclimate researchers. It is believed that this study would bring clarity to bearas to the understanding of the general public that particulate pollution is a major source of global warming henceshould be adequately addressed. Keywords: Climate Change, CO2, Environmental Engineering, Global Warming, Particulate Pollution   INTRODUCTION The world is witnessing an upsurge of activities and investigations in the domain of climatic studies owing to the in-creasing spate of weather-related environmental hazards(see Figure 1), the cumulative consequence of which is consis-tently contributing toa decline in agricultural activities. Other living creatures and their environment are not spared ei-ther [1-3]. These climatic processes are described and their values are known by the meteorological conditions of the earth’s atmosphere, in addition to their variations and interactions over time [4-7]. Several studies have revealed that the earth is presently experiencing global warming due to anthropogenic green-house gases [3, 8-9].In the words of[10], “there are moral explanations to accept as true that political motives are pres-ently driving a considerable amount of the scientific work by the climate science community”. Herdon had asserted that pure science, unlike politics, is all about facts. Hitherto, researchers involved inclimatic studieshave failed to produce salient facts through their omission as to not giving the desired attention to the rationale that climate change is exagger-ated by tropospheric particulate geo-engineering, which is ongoing for several years now.The Inter-governmental Panel on Climate Change (IPCC) evaluation had considered this failure a sabotage. Furthermore, having regard to publications from several climate scientists, it behoves on investigators to evaluate whether or not political motivations are involved [11-14]. This study is aimed at re-examiningthe debateas to the fundamental source of global warming which is believed,is not the consequence of CO2 heat retention and other greenhouse gases alone, but also particulate pollution that absorbs radiation, heats the troposphere and decreases the effectiveness of atmospheric-convective heat exclusion from earth’s surface. This study is relevant in the sense that it brings to bear the various elements that interact in the climate change chain, the subject of which had become a topical issues not just to climate scientistsand environmental engineers but to all and sundry. In this study, attempt is made to present a coherent connexion between climate change and particulate pollutions that have not received appropriate attention from most climate scientists. 



An X-Ray of Connectivity between Climate Change and Particulate Pollutions  3003   Fig. 1: Environmental hazards MATERIALS AND METHODS This study follows a qualitative exploratory narrative-textual approach[15].This approach is considered suitable due to the nature of this study. It is believed that adopting a holistic approach would enable the survey of significant devel-opments in the domain in question in addition tolaying a foundation for presenting a cohesive comparative posture on previous, contemporary and future directions. As research in climate change and environmental engineering is evolving, data available from one geographical zone to another varies markedly hence necessitating a harmonized structure that enables researchers in various climes have a qualitative coverage of such developments. Data collection was by way of desk search across various online and offline bibliographic databases and libraries in America, Asia, Europeand Africa. From a large collection of published and unpublished materials including policy documents, contents relevant to the environmental perspectives buttressed in this paper were selected.   RESULTS AND DISCUSSION 3.1 Tropospheric Particulate Heating Presently, some scientific research studies have shown that particles either solid or liquid characteristically ≤ 10 µmin the lower atmosphere/troposphereoriginate from several sources [10-22]. Figure 2 shows some of the outstanding sources. Though tropospheric particulates have brief atmospheric life span, they do exert direct climate influence owing to their capability to absorb solar radiation from the earth’s surface. Records have it, that they also exhibitsecondary influence on cloud formation and connection with microphysics [23-26]. When a light photon relates with particulate matter, it is either dispersed or absorbed. According to [27], substantial efforts are expended on acquiring reflectance spectral data as a result of their significance in remote imaging technology. Regrettably, there is a deficiency of absorp-tion spectral data as most climate researchers have been deliberately deterred to appreciate its importance. Recently, measuring particulate matter absorption spectra is gaining some relevance. Although, inadequate for instance, in spectral wavelength, it is now possible to make accurate unquantifiable simplifications [11,15-16]. 



  Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019  3004 *Corresponding Author: Wilson Nwankwo, Email: nwankwo.wilson@edouniversity.edu.ng Article History: Received: July 02, 2019, Accepted: Sep 28, 2019  Fig. 2: Origins of particulate matter in the lower troposphere  Aerosol particles interact with solar radiation by scattering (reflecting) or absorbing the radiation, both long-wave and short-wave. Such may get heated and subsequently transfer the heat to the atmosphere via molecular collisions. However, virtually all aerosol particles absorb solar radiation to some extent, including the ones that have a high procliv-ity to scatter radiation. Quantifying aerosol absorption/scattering presents considerable uncertainties for many reasons including, for example, variations in particle size, surface topography, chemical/mineral composition, surface coatings, in addition to differences in and lack of knowledge of relevant absorption spectra. Several particulates found in the lower atmosphere absorb solar energy to some extent from differentsegments of the wavelength spectrum [29-33]. The spreading of little absorbing particles forms an ideal system to collect radiant energy, transform it to heat, and competently transfer the heat to a surrounding fluid. The volume of such particles is more felt when its characteristic potential to absorbing light that passes through the material enveloping the particles, is greater than the particle diameter.Once sunlight is absorbed, their temperature begins to rise. The effect is that they quickly “re-leasesome heat whichradiates to the surrounding gas”[34]. Besides, aerosols can alter cloud properties and suppress rainfall, [10-11,16, 35-38] in their respective studies stated that aerosols exert tremendous impact on clouds and precipitation, the duo of whichconstitute majormechanisms of the climate chainand the earth’s hydrological cycle. However, records have it that the impacts of aerosol on rainfall and clouds remainedunclear [35-38].  In an experiment by [39] they had measured heating rates notwithstanding it relatively in the lowermostof about 3 km of the atmosphere. They had positioned vertically, some stacked lightweight aerial vehicles that operate autono-mously without human intervention. It was discovered that the instance which contribute to the absorption of aerosols to the heating rate was in an order of magnitude greater than the involvement of CO2 and about 75% of the water vapour. While, the procedure employed by the IPCC and most climate scientists focuses principally on the issue of sun-earth radiation balance and departures therefrom. Herndon[11-12, 14]had focussed on unravelling the processes involved in the disposition of absorbed heat, particularly the implications of particulate pollution on atmospheric convection, which they argue is also a principal mechanism for sustaining earth’s habitable surface temperature.  3.2 Carbon/Iron and Aerosol Heating Dark coloured particulates are competent absorbers of solar radiation of which black carbon, like soot, absorbs light over the entire solar spectrum; brown carbon (like soil humus), whereas the absorbs near-UV wavelengths and, to a lesser extent, visible light [39]. Carbon surface deposits on non-carbonaceous aerosols can boost their solar radiation 



An X-Ray of Connectivity between Climate Change and Particulate Pollutions  3005  heat potential [39]. Iron is usually found in anthropogenic carbonaceous particles [40]. Iron oxide minerals, although somewhat less efficient solar radiation absorbers than carbon. However, they are dominate among mineral radiation ab-sorbers. According to[41], where they measured light absorption in samples of desert dust at 2λ (wavelength), 325 nm (ultra-violet) and 660 nm (red light). From their results, they discovered that mineral dust (from Niger, Tunisia, and China) are experimented close to their source. Thus, devoid of anthropogenic carbon contamination. Iron oxide was by far the greatest light absorbing substance with the quantity of absorption being a linear function of Iron oxide content. They further found that the absorption at 325 nm is about 6 times bigger than at 660 nm. In addition, [33, 42] used an airborne laser-induced luminescencedevice to measure the hematite content of the Saharan dust layer which is known to be heated by solar radiation. Deliberated on the relative importance of anthropogenic incineration iron and iron from min-eral dust in aerosol heating and they noted that magnetite (Fe3O4) remains one of the utmost competent short-wave ab-sorbers among Iron oxides in the atmosphere. In their study[22] they found that the utmost of the aerosol Iron oxide particles in the Eastern part of Asian continen-tal atmospheric outflows are anthropogenic aggregated magnetite nanoparticles. They reported that in addition to carbo-naceous aerosolsare important contributors to short-wave atmospheric heating. According to recent results, the atmos-pheric weight of anthropogenic Iron of pyrogenic origin is about ten times bigger than earlier estimations.As rightlyre-ported by [43], there is a strong correlation between anthropogenic FeOx and black carbon particles in the Eastern part of Asian continental outflow of anthropogenic origin. That is not surprising as pyrogenic coal fly ash, in addition to con-taining magnetite and other iron-oxides, contains carbon particles [44]. For a set of UK coal fly ash samples, the hema-tite (Fe2O3) range was determined as 2.5 – 8.6 wt.%, the magnetite (Fe3O4) range as 0.8 – 4.1 wt.%. The carbon content of coal fly ash by one estimate is 2 – 5 wt.% under optimum conditions, and 20 wt.% under non-optimum conditions [45]. Another investigation found the carbon content range of coal fly ash to be 2.7 – 14.5 wt.%. A major conclusion we can draw from these data is that aerosolized coal fly ash proficiently absorbsradiation from the sun and heats the tropo-sphere.  3.3 Forest Fires and Aerosol Heating The smoke and ash from forest fires which are elevated into the lower atmospherecontains one class of aerosol par-ticulates that contains black carbon, brown carbon and iron oxides [31, 46]. Iron oxides in the ash from forest fires can be converted at high temperatures to magnetite (Fe3O4) which is an even more efficient absorber of solar radiation [30]. According to [47], the effect of forest-fire originated brown carbon aerosols on atmospheric heating has probably been underestimated. Since 1999 there has been a four-fold increase in the particulates arising from forest fires in the Americawhich to a large extent appears to be one consequence of the now near-daily, near global aerosol particulate geoengineering [16, 48]. Consequently, corresponding increases have been noted globally [49]. Furthermore, fire increases surface heat and reduces water evaporation by damaging the canopy [48]. According to [50]“forest fires have an instantaneous and profound influence on snow disappearance, earlier springtime meltsin addi-tion to lower summer stream flows”.  3.4 Coal Fly Ash and Aerosol Heating Herndon and his team of researchers have carried out series of researches, aimed at defining the nature and composi-tion of the aerosolized particulates being scattered. According to their initial investigations, evaluation of Internet-posted three element rainwater analyses with corresponding laboratory water-extract analyses of a likely possible aerosol pro-vided the first scientific forensic evidence that the main particulate-substance being jet-sprayed was consistent with the leaching-behaviour coal fly ash. Subsequently, comparing eleven similarly-extracted elements validated their forensic finding [14]. Additional consistency was demonstrated by comparing coal fly ash analyses to fourteen elements meas-ured in air-filter trapped outdoor aerosol particles and to twenty-three elements measured in aerosol particles brought down during a snowfall and released upon snow-melting [14]. According to [51], burning coal distillates the harmful elements in the ash. From his investigation it was discovered that the heavy ash whichwas formed settles beneath the burner. The light ash, also known as coal fly ash, formed by the condensation and accumulationof thewarm gases above the burners.This was again re-affirmed by [52], when they re-ported that coal fly ash escapes into the air/atmosphere from smokestacks in India and China, but is usually trapped and confiscated in Western nations. As posited by researchers in recent times, in 2013 alone the global production of coal fly ash was estimated at 600 million metric tons [16, 53]. It is obvious that coal fly ash could cause serious harm to human and environmental health [11, 16, 53]. This is because it is an ideal particulate for heating the lower atmospherevia absorption of short-wave and long-wave radiation as coal fly ash contains substantial quantities of the Iron oxides, hematite and magnetite, in addition to carbon [44-46, 54-55].[56] noted that coal fly ash “is a economy waste product which could be processed further for use as a jet-sprayed aerosol owing to its particlesizes(only 0.01 – 50 µm in diameter)”.  



  Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019  3006 *Corresponding Author: Wilson Nwankwo, Email: nwankwo.wilson@edouniversity.edu.ng Article History: Received: July 02, 2019, Accepted: Sep 28, 2019    3.5 Aerosol Particulates and Global Warming According to [57], “aerosol particulates which are heated and transfer heat to the immediate atmosphere could result to variations in the atmospheric temperature structure”. To the best of our knowledge from existing literatures from pub-lished scientific research work besides report from [58], they barely discuss the implications of such observations on atmospheric convection and the accompanying surface-heat-transfer reduction that results from variations in the atmos-pheric temperature structure. Undoubtedly, convection is possibly one of the utmost misinterpreted natural process in the field of earth science. Theoretical convection models of the earth’s fluid core and that of the earth’s mantle continue to produce some insights. However, continuous thermal convection in each case has been revealed to be physically impossible. Thus, necessitating a basically different Geoscience paradigm[1, 8, 59]. Records have revealed that in the earth’s troposphere, the changes in convection is comparatively intricate. Funda-mental theoretical models are mathematically intricate and characteristically apply parametrization-based hypothesis interpretation explanations of hydrodynamic equations [60-65]. It is possible to conceal such critical elements of the actual physical process of convection in climatic models. It is obvious from existing literatures, that the implications of the hostile temperature gradient, described by [60], have not been explicitly considered in either solid-earth or tropospheric convection calculations. According to his sub-mission, a simple classroom illustrative experiment could be used to provide critical insights towards understanding how convection works in both tropospheric andinthe earth’s core. Consequently, Herndon recently conducted a convection classroomdemonstration illustrative experiment. In the said experiment he filled a 4-litre beaked-beaker with distilled water and added celery seeds to it. The beaker washeated on a hot plate with regulator. The celery seeds, pulled along by convective motions in the water, served as an indicator of convection. When stable convection was attained, a ceramic tile was placed atop the beaker to retard heat loss, thereby increasing the temperature at the top relative to the tempera-turearound the bottom. By this the hostile temperature gradient is reduced [10]. Particulate matter in the lower atmosphere, including the moisture droplets of clouds not only blocks sunlight, but absorbs radiation from both in-coming radiation from the sun and from out-going terrestrial radiation. According to [10-11]“the heated particles transfer their heat to the surrounding atmosphere, increasing its temperature and decrease the hostile temperature gradient relative to the surface”. There is a subsequent reduction in adverse temperature gradient, as adduced througha classroom-demonstration conducted by Herndon, which is shown to reduce convective heat transport from earth’s troposphere.  3.6 Aerosol Particulates and Its Effects on Surface Warming Tropospheric aerosol particles, heat the atmosphere, decrease the hostile temperature gradient relative to that of the surface of the earthwhich suppresses atmospheric convection and thus reduces surface heat loss and increases global warming [10-12]. However, according to studies tropospheric particulates have short lifetime, characteristically settling to the surface in days to weeks [26]. If the aerosol particulates settle into bodies of water, their iron components interrupt the natural balance there, hereby causing injurious algae blooms [11]. If the aerosol particulates settle on land, they absorb radiation from the sun and cause more global warming [66].  [67] had noted that if aerosol particulates settle on snow or ice, they have a tendency to affect the albedo leading to a decrease in light reflected off and heightened absorption of light, an occurrence that increases the global warming bur-den. In a similar vein, it has been estimated that “38% albedo reduction caused by downed aerosol particulates in snow cover on the Tibetan Plateau” [68].As stated earlier, forest fires exert considerableeffects on the disappearance of snow, earlier springtime melt in addition to lower summer stream flows [48].  3.7 Aerosol Transport of Particulates into the Stratosphere There are several submissions on the presence of tropospheric aerosols in the upper atmosphere/stratosphere [69]. “Several means exist for lofting aerosols from lower atmosphere/troposphere to upper atmosphere/stratosphere, besides super-cell convection and monsoon anticyclonic transport”[70]. Soot aerosol, presumably from airline traffic in flight corridors near 10-12 km altitude, has been detected at approximately 20 km altitude [71].Volcanic ash aerosol was de-tected at 19 km altitude [72]. It has been documented that “residence time of particulates in the stratosphere is substantially longer than the days to weeks residence time of troposphere aerosols”[23-26]. For example, the average residence time for a tungsten-185 tracer inserted into the equatorial stratosphere about 20 km altitude was discovered to be about 10 months, with several of them conveyed into the lower atmosphere/troposphere occurring at middle latitudes [73]. 



An X-Ray of Connectivity between Climate Change and Particulate Pollutions  3007  (Whether deliberately, inadvertently, or through natural processes, there are very serious risks linked with the deposi-tion of aerosol particulates in the upper atmosphere/troposphere, The current ongoing near-daily, near-global geoengi-neering heat-trapping activity masks the effects of potential radiation-altering stratospheric aerosols. They pose signifi-cant threats to the overlying ozone layer that protects life from ultraviolet solar radiation. “Appreciable stratospheric ozone destruction has been detected following the outbreaks of El Chichon and Pinatubo” [74]. As enunciated by[53], “the range of halogen compositions of coal fly ash, covert geoengineering jet sprays massive quantities of ultra-fine coal fly ash that presumably places high volume bromine, chlorine, fluorine and iodine to the atmosphere”. These gases are potential sources of ozone depletion. Coal fly ash aerosols also contain some other sub-stances such as nano-particulates. These particles may adversely affect the ozone substrate.Remarkably, some of these materials when placed in the lower atmosphere/troposphere, may likely be lofted into the stratosphere [69-70, 75-78]. Scientific studies on radiation solar administration geo-engineering abound. From these studies it is adduced that the future solar radiation administration would take place in the upper atmosphere/stratosphere, not just in the lower atmosphere/troposphere alone where our weather mostly occurs. Evidently, from this survey, climate scientists functioning under the CO2 paradigm are unlikely to be able to identify other causes of global warming. Moreover, several of them seem to be naïve about the catastrophic dangers proposed by solar radiation administrationalong with other geoengineering systems, and consistently fail to even mention the ongoing tropospheric geoengineering and its risks to human and environmental health.  FINDINGS 1) There is no ambiguity about the upsurge in the earth’s temperature. This is presently a threat especially to the entire biosphere. It is therefore imperative for climate science community, IPCC in particular to also consider the role of covert tropospheric geoengineering in global warming that has been ongoing for some decades. 2) It has also been revealed in several recent research studies that climate science has now shift paradigm; in the sense that the core source of global warming is not only carbon dioxide heat retention as it was initially believed but particulate pollution aerosols which heat the lower atmosphere/troposphere and reduce the proficiency of atmospheric convective heat removal from the earth’s surface. 3) Most climate scientists treat global warming exclusively as a radiation balance issue which leads to a radically inadequate understanding of the factors affecting earth’s surface temperature, as disclosed in several studies. 4) It would not be wrong if we say that some climate researchers/experts do not have appropriate understanding of the role of tropospheric particulates. Several particulates found in the lower atmosphere/troposphere absorb solar energy to some extent from several portions of the wavelength spectrum. Particulate aerosols have direct effects of absorbing radiation in addition to indirect influence on the formation, Microphysicsand lifetime of clouds.  5) Tropospheric aerosol particulates in addition tocloud droplets and their aerosol mechanismsabsorb short and long wave radiation from the sun and absorb long wave radiation from the earth’s surface and become heated. Thus, making a substantial contribution to global warming along with climate change. 6) Although, coal fly ash is a major threat to human and environmental health, coal fly ash is otherwise an ideal particulate for heating the lower atmosphere/troposphere through absorption of short-wave and long-wave radiation because they contain substantial quantities of the Iron oxides, hematite and magnetite, as well as carbon. 7) Particulate matter in the troposphere, including the moisture droplets of clouds, not only blocks sunlight, but also absorbs in-coming radiation from the sun and out-going terrestrial radiation. These heated particles transfer that heat to the surrounding atmosphere and decreases the hostile temperature gradient relative to earth’s surface. The reduction of hostile temperature gradient concurrently decreases convective heat transport from the earth’s surface. This is a general concept that applies globally, regionallyand locally. 8) Several climate researchers and the IPCC seem to have a fundamental misunderstanding about what really causes global warming. Although, they appear to minimize the grave menaces that would arise from proposed geoengineering schemes like stratospheric aerosol injection. 9) More grievously, the complicity of silence among climate researchers cloaks the covert activity of deliberately poisoning the air we all breathe, hereby undermining the calamitous health risks. 10) Resolving the anthropogenic global warming problem is well within the means of contemporary technology. In principle great strides could be accomplished within a short period, due to the short lifetime of tropospheric particulates. We therefore suggest the following as a way further:  a. Abruptly halting tropospheric particulate geoengineering b. Trapping particulate emissions from coal-fired industrial furnaces from vehicle exhaust and other sources. c. Reducing particulate-forming fuel additives. 
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