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ABSTRACT

The Coupled Ocean and Atmosphere Radiative Traf€f&ART) model solved a radiative transfer equation
from aerosol optical thickness data derived fromdetate Resolution Imaging Spectroradiometer (MODdSanning
2000 to 2015.

The temporal and spatial variation of aerosolscaptdepth was determined on Giovanni platform. §otgry
modelling was carried out using Hybrid Single RaetiLangrangian Model (HYSPLIT). Integrated fluxgsre generated
from COART model. Counties investigated are Mombasanu,Nairobi, Kakamega, Bungoma, Nyeri, Meru, Nelws,
Turkana, Tranzoia, Baringo, Nakuru, Narok, Kisuidisji, Nyamira and Busia. Simulation of future wang over Kenya

was also done using MAGGIC SCENGEN model undergeanarios.

Results of the study revealed that Turkana, ASAd karitime Counties had the highest aerosols Iandihile
Kisii County had the lowest aerosols loading retipely and that aerosol loading was highest duthgJJA season and
that Garrissa County had the highest interannuddbitity of aerosols. The study revealed that aetdoading across all
Kenyan counties is reducing and that long distararesport and dispersion of aerosols was facititée low level winds
over Kenya. It was observed that Kisii County haghar radiative forcing estimate due to aerosoldemtounties in the
ASAL, Maritime counties and Turkana County had tiety lower corresponding estimates. It was alsted that forcing
due to aerosols over Kenya is reducing and liethénrange of -0.187 to -0.05 WImSCENGEN Projections gave a
warming of 0.17°C, 0.45°C, and 2.96'C by the year 2000, 2015 and 2100 respectivelytdugerosols and sulphates

induced warming of 0.1 and 0.26 under two scenarios.
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INTRODUCTION

Aerosols in the atmosphere strongly influence thedfer of radiant energy and the spatial distidloubf latent

heating through the atmosphere, despite their mragslume fraction, thereby influencing the weathed climate.

According to fifth Assessment Report (AR5) of tikergovernmental Panel on Climate Change (IPC@)tatal
anthropogenic Effective radiative forcing (ERF) pwke industrial era is 2.3 (1.1 to 3.3) W2mThe ERF due to
aerosol-radiation interactions (ERFari) that talegsd adjustments into account is assessed to .4& {00.95 to +0.05) W
m The radiative forcing (RF) from absorbing aerasolsnow and ice is assessed separately to be (002 to +0.09)

W m™ Prior to adjustments taking place, the RF duadmsol-radiation interactions (RFari) is asseseebe —0.35
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(-0.85 to +0.15) W m.The assessment for RFari is less negative thasrtepin fourth assessment report because of a
re-evaluation of aerosol absorption. The uncengadstimate is wider but more robust, based on plaltines of evidence
from models, remotely sensed data, and ground-hasegurements. Fossil fuel and biofuel emissiongribwite to RFari
via sulphate aerosol: —0.4 (-0.6 to —0.2) W m, lblearbon (BC) aerosol: +0.4 (+0.05 to +0.8) WAnand primary and

secondary organic aerosol: —0.12 (-0.4 to +0.1) W Rorcing agents consequently include as aerogol$&Gs.

Globally, the total ERF due to aerosols (ERFarit+excluding the effect of absorbing aerosol on saow ice) is
assessed to be —0.9 (1.9 to —0.1) W with medium confidence. Persistent contrails fraviation contribute a RF of
+0.01 (+0.005 to +0.03) W Thfor year 2011, and the combined con -trail andtrailrcirrus ERF from aviation is
assessed to be +0.05 (+0.02 to +0.15) W. Biomass burning +0.0 (=0.2 to +0.2) W?mnitrate aerosol: —0.11
(0.3 to —0.03) W i, and mineral dust: —0.1 (-0.3 to +0.1) WitiPCC, 2013).

Recent studies had suggested that 20 up to 50 eoftdtal mineral dust in the atmosphere originatamfr
anthropogenic activities, the precise fraction @femal dust of anthropogenic origin being extrendifficult to determine.
Only the radiative forcing from this anthropogegizmponent is considered as there is no evidendethkanaturally
occurring component has changed since 1750. Thsssent of the climatic effects of an aerosol wiflrge variability

like mineral dust requires some approximations Giia, 1998).

Regionally, Studies by Makokha (2013) revealed gatiee radiative forcing estimate due to aerosokyr dhree
cities in Kenya. Kenya has been devolved into 4fties and the quantification of aerosols optiegttls at County level
together with the corresponding radiative forcirglireates is lacking. This study tries to providemelte monitoring

information by determining estimates of radiativecing due to aerosols in some counties

Radiative forcing by natural and anthropogenic selopresently presents one of the most uncersgircts of
climate models due to its dependence on variousspiheric processes e.g., coagulation, cloud cyelimtjaerosol long
distance transport Variations in the radiative abtaristics of aerosols can be used to quantifir #féects on climate
(Makokha, 2013).

The physical and chemical properties of atmosphagiosols depend on their origin; for instancepsas in an
urban environment had a higher concentration diisaind heavy metals as compared to those from emmdaronments.
(Lathaet al.,2005).

Aerosol and ozone exhibit a strong regionality ilimate forcing (Monks 2009).Air pollution can alter
concentrations of greenhouse gases such as tragresphone directly or indirectly via changes in @ free radical
concentration (Mayor 2000). Kenya exhibits higmtte of between 0.02-0.56 AOD due to presence df Aigounts of
sea salt from the indian ocean throught the yegaii et al. 2014).Land clearing and Agricultunas can enhance AOD
(Ngaina et al., 2014).

Aerosols and Greenhouse gases impact on the tetupeead forcing respectively. Ozone is not digeethitted
and its abundance in the troposphere is deternfineda balance of its budget terms: chemical pridn@nd influx from
the stratosphere, versus chemical loss and deposii the surface. The magnitudes of these termsanmsitive to the
prevailing climate, and the levels and locationsombne precursor emissions, such as nitrogen oXié&sand NG;
referred to as NOx), carbon monoxide (CO) and uelarganic compounds (VOCSs), including methang.(&/ild, 2007).

Ozone concentration in the troposphere is highhjalée, ranging from 10 ppb (parts per billion) otiee tropical oceans
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to 100 ppb over land, and can even exceed thisvisie in polluted urban areas (Denman, 2007)vétsability is
dependent on available solar radiation, temperdtuctuations, winds, seasons and altitude, amahgrdactors (IPCC,
2014).

Further, studies between aerosol indices showemjrafisant relationship in most of the months excémr
Mombasa city in the month of April where the radaship between absorbing and rainfall was insigaift. In Mombasa
city the relationship between non absorbing andfalliwas weak. During the month of April the winbdbwing into
kenya are south easterlies and hence a stationofvé&irobi for, example Kisumu city, showed sigeéint relationship.
While this did not demonstrate that one is a cadisbe other and vice versa, the relationship ssiggeontributing factor

of aerosols to rainfall patterns (Mbithi, 2010).

Studies using backward air trajectory analysis sftbthat the possible sources of aerosols in theaHMiddle
East, Sahara and Arabian deserts during Februdrgreas in the SH, the possible sources are the cCaaig forest,
Kalahari and Namibian deserts, Southern Atlantie@; South west Indian Ocean, Madagascar Islan&Gauath African
region during July. Also, computed was the forwaidtrajectory analysis over the same locationg fihdings of this
study established that long distance transporenfsols and their dispersion through low level wirglresponsible for the
aerosols affecting the EA region. This greatly dwfseon the season of the year together with theapirey atmospheric
conditions (Mbithi, 2014)

The eastern Indian Ocean is influenced by the pramisfrom the Indian subcontinent and SoutheastAsi

particularly from Indonesia. (Ramathanal,2001)
Radiative forcing

Radiative forcing is a measure of the influenceaetdr has in altering the balance of incoming anth@ing
energy in the Earth-atmosphere system and is aexind the importance of the factor as a potentimhate change
mechanism (IPCC, 2007).

It is an externally imposed perturbation in theiafide energy budget of the Earth’s climate syst&uch a
perturbation can be brought about by secular chlange the concentrations of radiatively active spsci
(e.g., CQ, aerosols), changes in the solar irradiance imtid@on the planet, or other changes that affextréidiative
energy absorbed by the surface (e.g., changesfimcsureflection properties). This imbalance in thdiation budget has

the potential to lead to changes in climate pararmseind thus result in a new equilibrium statéhefdlimate system.

Black carbon in soot is the dominant absorber siblé solar radiation in the atmosphere. Anthropégsources
of black carbon, although distributed globally, avest concentrated in the tropics where solar iarazk is highest. Black
carbon is often transported over long distancesgjngiwith other aerosols along the way. The aerasid can form
transcontinental plumes of atmospheric brown cloudgh vertical extents of 3 to 5 km. Because @& ttombination of
high absorption, a regional distribution roughlygaed with solar irradiance, and the capacity tomfowidespread
atmospheric brown clouds in a mixture with othewasels, emissions of black carbon are the secandgdst contribution

to current global warming, after carbon dioxide €sions (Ramanathan, 2008).

Until about the 1950s, North America and Westermoge were the major sources of soot emissionsnbwt

developing nations in the tropics and East Asidla@enajor source regions of black carbon.
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Local wind blown dust related to agricultural aitaés and fire burning has been found to dominate lower
tropospheric aerosols in Nanyuki Kenya. There isoaclusive evidence of long range-transportedsmdsdeing moved
by night transport from the middle to the lowertpasf the troposphere. Influence of the Indian @ceerine aerosol is

suggested (Gatari, 2001)

A comparison experiment varying trace gas forcinggests that negative forcing by troposphere a&yoso
(and perhaps volcanoes, ozone, and land use chamgedeen about —1.2 W frsince 1700, implying approximately

equal contribution from direct and indirect tropbspc aerosol effects (Rind, 2012)

Using a radiative transfer model embedded in a géréculation model, It was found that dust frafisturbed
soils causes a decrease of the net surface radfaticing of about | W, accompanied by increased atmospheric heating
that may be a significant forcing of atmospherinaiyics. These findings suggest that mineral desh fdisturbed soils

needs to be included among the climate forcingfadhat are influenced by human activities (Te@&1,2).

Studies between December 2010—-May 2011 over Puradia show significant day to day variability and
covaries with AOD as a result of the ant correlati@tween aerosol direct radiative forcing (ADRF)M, and also the
differences in the daily maximum minus minimum teda humidity and temperature. Specifically, at Nogjee Wadia
College, ADRF ranges between —37.7 Witighest) and —5.9 W/nf{lowest). For 500 nm, ADRF takes values in the
range —17.3 = 7.1 W/frto 54.2 + 5.5 W/rhat Pune University, whereas the correspondingesaht IGO are —15.1 + 2.1
W/m 2and —36.6 + 6.4 WhAtPawar et al.,2012). A study over Pune in Indiagisi multiplatform measurements show that
maximum AOD values and minimum perceptible waterenebserved during a drought year (2009) when coecpto
normal monsoon years (2008 and 2010) (Vijayakunaal.e2012). Radiative transfer modeling througk tust and
Biomass-burning Experiment (DABEX) by Johnson et @009) over West Africa suggested a 130-160

W/méinstantaneous reduction of down welling solar ragiieby aerosol columns (15-18% of the total flux).

Studies over Hyderabad, India reveal that tropaspheerosol loading has significant impact on tlodars
irradiance reaching urban environments (Badariea#., 2007). A dimming of about 7 W/rper decade at land surface
stations worldwide was observed between 1961 aff {Silgenet al., 1998; Power and Mills, 2005).tAdy by Alpert et
al. (2005) also indicates that stations from whtwd analysis took place were predominantly urbangh, it was expected

that dimming could be less or even missing in rarabs. (Makokhat al, 2013).
AREA OF STUDY

Kenya, lies between latitude8 Borth and 50 south and between longitudesadwl 42 East. It has a land area of
about 569,137 km2 with great diversity of landforranging from glaciated mountain peaks with permé&isaow cover,

through a flight of plateaus to the coastal plain.

The country is split by the Great Rift Valley irttee Western part which slopes down into Lake Vieténom the
Mau ranges and Mount Elgon (4,300m) and the Eagtarhwhich is dominated by Mt. Kenya and the Aleedranges
that rise to altitudes of 5,200m and 4,000m respelgt It has got a distinct bimodal rainfall patiavhich is influenced by
the Inter Tropical Convergence Zone (ITCZ), globakans, the tropical high pressure systems (Maseaf&t. Helena,

Azores and Arabian), tropical monsoons and tropigalones (Ngaina and Mutai, 2013).
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Investigated in this study
Figure 1. Map of Kenyan Counties (Source: Geocurrets)
Objectives of the study

The main objective of this study was to analyzdatik forcing simulations due to aerosols over sdgbounties

in Kenya.
Specific objectives
In order to achieve the main objective, the follogvspecific objectives were pursued;
e To determine spatial and temporal characterisfiegemsols Over Kenya
e To determine spatial and temporal variation ofatidé forcing due to aerosols over Kenyan Counties.
e To simulate future climatic warming based on thaiative forcing estimates over Kenya under twanades.
Data Type and Source

Satellite measurements for the period 2000 to Z06f.¥he areas considered in this study were obthirem the
National Aeronautics and Space Administration’'s @) Earth Observing System (EOS)-Aqua MODerate lugism
Imaging Spectroradiometer (MODIS) via a Giovanritfdrm. Giovanni provides a World Wide Web (WWWjdrface

that enables access to global data sets from NAG#Eemote-sensing missions and other environrhdata sets.
Methodology

The methodology employed included designing therttical framework, data quality control, and estiion of
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missing data. Coupled Ocean and Atmosphere Radiathansfer (COART) was used to solve a radiatiangfer
equation. Time series analysis, correlation anslyss also done. Modelling of aerosols was doneguidiybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIWModel for the Assessment of Green House Gas-kdiWimate
Change, A Regional Climate Scenario generator (MAGGCENGEN) was used for temperature projectionsfe®

software was used to map AOD and correspondingtiadiforcing over the counties of study.
COART Model Assumptions
The following are the assumptions in the solutibR®E in COART.

e Only solar radiation is considered. emission idestgd

* The land surface is assumed to be flat

e Assumes a non-vertically stratified system andetfoge assuming that the atmosphere —land systensihalar

radiative properties

»  Atmospheric perturbations are as a result of a¢ésosnly. However, the model isolates any otheeratting

species by their radiative properties
* RTE is solved in plane parallel geometry
« Assumes that aerosols and surface have combifiedtamce

RESULTS
Spatial Characteristics of Aerosols

The spatial variation of AOD over Kenya is as shawirigure 2. It can be seen clearly from the Feégtmat the
north-western and coastal Counties observed tHeekigaerosol loading. This may be attributed todiingt and sea spray
in the respective regions.

MEAN ANNUAL ACD (2000-2014)

LATITUDES

fee 02
PR
0.08
0.06

T T T T T T
34 as 28 ar 38 39 40 41 42

LONGITUDES

Figure 2: Variation of AOD over Kenyan Counties spaning 2000-2014
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Figure 3 below also show the seasonal variatioA@D in DJF season in 2001 and 2007 respectivelyaift be
observed that there is minimum loading of aerodoisng the DJF seasons with comparatively higheelteof aerosol
loading in Turkana, Lamu, Kilifi, and Kwale CourgieThis is due to a possibility of increasing aoffogenic petroleum
exploration activities in Turkana County that canpgwssible sources of aerosols alongside carbonseswosols from the
alkaline Lake Turkana. Results from figure 3 albovs the seasonal variation of AOD in DJF and MAMs®s in 2014
and 2007 respectively. It can be seen that aetoading has been decreasing spatially during thé €hson over the
most recent years. It can also be seen that Turkaaerissa and maritime Counties had relativelyhtWgOD spatial

coverage possibly due to reasons explained abodehagh dust and sea salt over Garrisa and Maritooenties
respectively.

MODOS_M3.051 Aergsal %5:.:_1 2:82“60 850 am [unitiess]

MODO8_M3.051 .ker 2835:9 Fx&.‘}q’ 560 nm [unitless]

MODOS_M3IOS1 Aer) E’cd Pxﬁ’n 550 am [unitiens]

#1E  4IE A3 WAE

Figure 3.Variation of AOD in the DJF and MAM 2007 Sasons

Figure 4 show the variation of AOD in the MAM seadn 2014 and JJA season in 2000 respectively.rébelts
show that AOD loading has been reducing spatialigr denya. Tana River County, Garrisa and Turkamanties had
high relative aerosol loading in the MAM seasonriBgi the rainy months of March, April and May (MANMNd October,
November and December (OND), it can be clearly chdbat the AOD values are extremely low. This i da cloud
formation processes and wet deposition. Wet dapasgi the removal of air pollution components hg aiction of rain. It
can also be seen that JJA season is associatedhaithighest aerosol loading most likely due touced wash-out of
aerosols due to minimum precipitation.

Dominant south easterly winds during the JJA seadtrse air masses transport aerosols from therrda@ean

is another possible reason. The region is, alsoergdly under an inversion condition for a longipéy that is, June, July

and August
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Results from figure 4 also show the Variation of B@ the JJA season in 2014 and SON season in R@2H
be seen that there is decreasing AOD loading divepanties. Turkana county is still at the cerdfénigher AOD loading
compared to other counties followed by Maritime mibes. Garrissa and Tana river had higher aerdealling but the
loading has been reducing during the most receart ye

HODON_M3 081 oot Depyn, ar, B8O am [univens]

B ¥ 1 iR

MODOS_M3.0S1 Asc cal tn ot 830 am [unitess]

Figure 4: Variation of AOD in the MAM, JJA, and SON 2005 Seasons

Results from figure 5 show the Variation of AOD ithgr SON season in 2014.Results show increasing AOD
loading over all Kenyan Counties in the most regardrs. In general, Turkana county and maritimentiea recorded

higher levels of AOD over Kenya. The results showoasible influx of aerosols from the Arabian Se#@ iKenya via
Somalia.
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Figure 5: Variation of AOD during SON Season in 204
Temporal Characteristics of Aerosols

Figures 8 below shows temporal variation of AOD rodombasa County. Results show slightly decreasing
trends of AOD over the county.There is a possibiit dominant south easterly winds ‘air massesycaerosols from the

Indian Ocean to the maritime counties.

Theoretically, the non-sea-salt component of AOIhfsrred to be more than 3 times that of the et wind-
dependent sea salt component. In the western InO@@an and Arabian Sea the high concentration ofsea-salt
aerosols are due to transport from the Indian subwent and Arabia. The eastern Indian Ocean isiénted by the
transport from the Indian subcontinent and South@ag, particularly from Indonesia.The resultsoalgree with the
findings of Kaskaoutis (2014) that there was ameswely high aerosol loading in the Arabian Sea @0722008.The

Arabian Sea, according to HYSPLIT trajectory analyelow is a possible source of aerosols into l&eny
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Figure 8: Variation of AOD over Mombasa County

Figure 9 below shows variation of AOD over GarriS8aunty. The results reveal higher variability in BO
possibly due to high levels of mineral aerosolsrati@ristic of arid and semi arid areas. A soutlwdisplacement of the
convergence zone is associated with both increasad-surface flow and decreased precipitation tverdust source
regions of the southern Saharan desert, Sahel akd Chad (.O. M. Doherty et al., 2014).This in tweduces soil
moisture and vegetation, furthering the potent@al dust emission. Therefore the coupling of chanigesear-surface
winds with changes in precipitation in source regia@riven by a southward movement of the convemermme most

directly influence dust load in the ASAL counties.

During El Nino conditions, warm SST anomalies catle zonal circulation to become pronounced withi-we
defined areas of rising and sinking motion alorgesan air flow driven by convection at the west (#nabian Peninsula),
and subsidence to the east (Indian subcontinehgsé intense westerlies at 700 hPa altitude trankpge quantities of

aerosols from the Arabian Peninsula towards theasabkdeposit them over the Indian .This explaigh AOD in 2007.
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Figure 9: Variation of AOD over Garrisa County
Figures 10 and 11 below show temporal variatioA©D over Meru and Tranzoia respectively

The results show decreasing aerosol loading acness and Tranzoia Counties but with more variabititmeru.

This can be attributed to decreasing aerosols rifrtion from land use activities in the region.
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Figure 10: Variation of AOD over Meru County

Results shown in figure 11 below show variation ADD over Tranzoia county.The results reveal that
aerosols’loading has been decreasing over merutgdinis can be attributable to increasing use ghaic fertilizers in

wetern Kenya that is reducing the use of persisiegdnic aerosols from pesticides.
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Figure 11: Variation of AOD over Tranzoia County

Figure 12 below show temporal variation of AOD oVerkana County. Results show decreasing trend€Ob
loading over the county. However, there is moreamlity in Turkana County that can be associatéth warbonaceous

aerosols from the alkaline Lake Turkana and inéngggetroleum mining activities becoming sources@fosols from the

surface.
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Figure 12: Variation of AOD over Turkana County

Figure 13 below show temporal variation of AOD oWgyreri County. The results reveal a decreasingdtrein
aerosols over Nyeri County with a tail in 2007 ibtitable to the possibility that most aerosolsrare-persistent and easily

washed out by rain water hence the effect of ttg7 28 Nifio event.
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Figure 13: Variation of AOD over Nyeri County

Figures 14 and 15 show temporal variation of AOBraMakuru and Narok Counties respectively. Reslitav a

decreasing trend in AOD loading over the counfléss can be attributed to natural factors.
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Figure 14: Variation of AOD over Nakuru County

Results in figure 15 show the variation of AOD owarok County.The results reveal that there is mim
variability of aerosols over the county.However #ezosols’loading is fast decreasing in the mastmeyears. This can be
attributable to the regulatory framework in the Mauvest that has cut down buring of fossils andeothnthropogenic

activities in the vast forest.
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Figure 15: Variation of AOD over Narok County

Figure 16 below show temporal variation of AOD ofaringo County. Results show a decreasing treed the
county. This can be explained by the possibilitgttresidents of the rift valley are increasinglybeating modern soil

conservation methods and desisting from deforestaEorest fires and other aerosols causing anbigec activities.
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Figure 16: Variation of AOD over Baringo County

Figure 17 below show aerosols loading over courtfesestern Kenya namely Busia,Bungoma and Kakamega
Results show that aerosols loading in these caurgieninimum and reducing in the most recent ya#réutable to fair
land use activities over the region. The climatetlofse counties is also characterized with siganiicamounts of

precipitation increasing wet deposition processes.
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Figure 17: Variation of AOD over Western Kenya Coutties

Figures 18 below show temporal variation of AOD roM&achakos County.Results reveal a decreasingightyh

varying AOD in Machakos County attributable to imased cement, stone, gravel, sand mining activitidee region..
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Figure 18: Variation of AOD over Machakos County

Figures 19 below show temporal variation of AOD ow@mu County. Lamu being a maritime county is
associated with high AOD loading from the Indiane@ac. There is a possibility of dominant south ebsteinds ‘air

masses carrying aerosols from the Indian Ocedmetonaritime counties, mainly sea salt and non-aktasrosols.
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Figure 19: Variation of AOD over Lamu County

Figure 20 below show temporal variation of AOD o¥ésumu, kisii, Homabay, Nyamira Counties respesltiv
Results show that AOD loading in kisumu and kidlyamira, Homabay is exhibiting same trend and isregsing.

However, there are slightly high AOD values atttéhle to aerosols sources from the Lake Victoria.
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Figure 20: Variation of AOD over Kisumu,Homabay,Nyamira and Kisii Counties

Figures 21 below show backward trajectory of atiocein Mombasa County. It can be seen that théiaraand
Indian sea sprays are the main sources of aertstfe Kenyan Maritime Counties. This can be aftable to the fact
that low level winds possibly transport dust anl Bam Asian deserts namely Rajasthan, Trans-Hayad and Kutch

respectively.
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Figure 21: Backward trajectory at 15km above groundevel, Mombasa County

Figures 22 below show backward trajectory of atiooain Garrissa County. It can be seen that thebn Sea
spray is a possible source of aerosols in the Ke®BALS. The aerosols can be traced as far as megéet of India and
the Philippines Sea. This can be attributable ¢opibssibility that long distance air masses astatiaith low level winds
transport aerosols to the ASALs.
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Figure 22: Backward Trajectory at 15km above Groundlevel, Garrissa County

Figure 23 below shows a backward trajectory ofcation in Turkana County.It can be seen that Tuk@aunty
experiences dust sprays sourced from as far asaGHhiaklimakan desert via the Arabian Sea. Thalse attributable to

long distance transport of aerosols by low leveidsi
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Figure 23: Backward Trajectory at 15km above GroundLevel, Turkana County
Spatial Characteristics of Radiative Forcing due toAerosols

COART model results show that radiative forcing dlu@erosols is highest in kisii County followed dyunties
in Riftvalley, Nakuru, Machakos, Nyeri, Western @tias respectively. Radiative forcing due to aelos$® highest in
Mombasa, Nairobi, Garrisa, Lamu, and Turkana raspg at the Top of surface. Radiative forcingailso highest in
Mombasa, Turkana, Garrissa, Nairobi, Nakuru, Kisuespectively at the Surface. All counties depidiad radiative

forcing in the atmosphere led by kisumu, Lamu, NekiMombasa and Counties in the ASALS.

This is consistent with the findings that the Inflsian aerosols impact the radiative forcing throagbomplex
set of heating (positive forcing) and cooling (nidgaforcing) processes Ultimately, the effect akh is the large negative

forcing at the surface and comparably large atmegpineating at higher altitudes (Ramanathan g2@01).

In general, counties with the highest AOD recorttesllowest radiative forcing values due to aerosbiés can
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be attributable to the fact that aerosols scattdfaa absorb radiation and the net effect is eitlo@ling or warming. In this
case, it can be seen that the cooling effect issdominant over Kenya.The results figure 24 belbemsthat Mombasa,
Turkana, Garrisa, Wajir Lamu, Nairobi had the lovexliative forcing due to aerosols respectivelyileviKakamega,
Bungoma, Busia, Kisii, Kisumu had the highest radéaforcing due to aerosols. This is consisterthwhe fact that
aerosols scatter or absorb short wave radiatiomeptang it from reaching the surface and therefori@imizing the
intensity of long wave radiation reflected back gpace. Consequently, Most Counties with high AODorded
comparatively lower radiative forcing estimates &imb-versa. Natural processes can also contriioutbange in RF.

MEAN ANNUALTROP. (2000-2014)

LATITUDES

34 35 36 ar 38 39 40 41
LONGITUDES

Figure24: Map Showing the Distribution of RadiativeForcing Due to Aerosols Over Kenyan Counties
Temporal Characteristics of Radiative Forcing due ¢ Aerosols

Figure 25 below shows the temporal variation otifag over Garissa County. The results show thaiatiae
forcing due to aerosols has been increasing imgitie and variability. This is attributable to higtvarying surface albedo

characteristic of the ASALS and other natural psses.
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Figure 25: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Garrisa County

Figure 26 below shows radiative forcing due to sel® over Meru County. The results show that radiat
forcing due to aerosols has been increasing oeecdlinty. This is attributable to decreasing diedt#ct of aerosols due

to reduction in AOD loading and other natural psses.
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Figure 26: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Meru County

Figure 27 below shows radiative forcing due to ael® over Turkana County. The results show thaiatize
forcing due to aerosols has been increasing owecdunty. This is attributable to decreasing AOBding. The results
also reveal an increasingly varying trend of radéforcing due to aerosols, a possible indicatibthe anthropogenic
perturbation to the atmosphere by land use adgviti Turkana County. Other natural processes lsancantribute to the

observed trends.
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Figure 27: Graph showing Variation of Radiative Forcing Due to Aerosols Over Turkana County

Figure 28 below shows radiative forcing due to ael® over Nyeri County. The results show that radia
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forcing due to aerosols has been increasing oeecdlinty. This is attributable to decreasing AOBdiog attributable to
improved land use activities and minimum minerabaels associated with relatively high precipitatiover the area of

study. Natural processes can also be contributory.
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Figure 28: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Nyeri County

Figure 29 below shows radiative forcing due to aei® over Tranzoia County. The results show thdiatave
forcing due to aerosols has been increasing ovecdunty. This is attributable to decreasing AORding. A peak in

2007 is attributable to increased aerosols waslpratesses during the 208V Nifio and natural processes.
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Figure 29: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Tranzoia County

Figure 30 below shows radiative forcing due to ael® over Nakuru county. The results show thatatad
forcing due to aerosols has been increasing ovecdunty. This is attributable to decreasing AORding. A peak in

2007 is attributable to increased aerosols waslprmaesses during the 2007 El Nifio and naturalqeses.
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Figure 30: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Nakuru County

Figure 31 below shows radiative forcing due to ael® over Narok County. The results show that tadia
forcing due to aerosols has been increasing owecalinty. However, radiative forcing due to aeresswhs decreasing up
to around 2003. This is attributable to the posigibihat the indirect effect of aerosols to forgimas high or aerosols’
loading from anthropogenic activities in the Mauds was slightly high leading to a net decreadberforcing up to the

year 2002/2003 when the Kenya Government formdihate Change secretariat and implemented consesviaind use
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activities in the Mau Forest. Natural processesatam contribute to the observed trends.
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Figure 31: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Narok County

Figure 32 below shows radiative forcing due to ael® over Kakamega,Busia and Bungoma Counties
respectively. The results show that radiative fagcdue to aerosols has been increasing over thatiesu This is
attributable to increasing indirect effect of a@lesdue to clouds associated with higher precipitain the counties, and
also due to reduced aerosols ‘loading over the tiesidue to increased aerosols ‘wash out activitiessto characteristic

precipitation levels. Natural processes can alsdritute to the observed trends.
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Figure 32: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Kakamega County

Figure 33 below shows radiative forcing due to ael®over Nairobi County respectively. The resshew that
radiative forcing due to aerosols has been inangagver the county. This is attributable to redgcerosols’ loading over
the county. Nairobi county is highly industrializettd can be a major source of anthropogenic aerdkat scatter or

absorb shortwave radiation and therefore resuitinglatively low radiative forcing due to aerosols
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Figure 33: Graph Showing Variation of Radiative Forcing Due to Aerosols Over Nairobi County

Warming Projections over Kenya

MAGGICSCENGEN model output results reveal a warningr Kenya of 0.17C by the year 2000, 0.48 by
the year 2015 respectively. This can be attribetabithe possibility that there will be future \adility in aerosols over the

country in general due to both anthropogenic ae@iviand natural factors leading to warming.
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CONCLUSIONS

Results of the spatial characteristics of aerosmigaled that Turkana, ASAL and Maritime Countiesl lthe
highest aerosols loading while Kisii County had tbevest aerosols loading respectively. The study aloted that
Turkana County, Maritime Counties and ASAL countiasl the highest AOD respectively across all seasResults from

this study show that aerosol loading is highestnduthe JJA season.

Results from the temporal characteristics of adsosoted that Garrissa County has the highestantaral
variability of aerosols. The study revealed thatoael loading across all Kenyan counties is redywcimd that long
distance transport and dispersion of aerosol<citéded by low level winds for aerosols affectikgnya. The study noted

that Indian Ocean and Arabian sea are possiblesswf aerosols in the ASALS, Maritime and NeighbauCounties

Results from spatial variation of radiative forcidge to aerosols noted that Kisii, Baringo, Mactsakdyeri,
Kakamega had high radiative forcing due to aeraosspectively . ASAL counties, Maritime countiesldrurkana County

had relatively lower radiative forcing due to aelss

Results from temporal variation of radiative fogidue to aerosols noted that the forcing over Kesyaducing and lies
in the range of -0.187 to -0.05 wim

Model simulation results noted that Kenya has erpeed warming by a value of 0.2Z, 0.45°C by the year
2000, 2015 respectively due to aerosols and i$ylilkeexperience a warming of 2.96 by the year 2100.The study also
noted sulphates induced warming of 0.1 and @@%inder reference and policy scenarios respectiidhg study also

noted that warming due to bio-aerosols is negligtbf the year 2100 under both scenarios.
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