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Abstract
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1 | COMPARISON/ OF, RCONTINENT EROSOLS: DESERT AND SOON-INFLUENCED
2 | REGIONS

3 / ok _ped [ data

AN ~/
This to

e optical and physigal properties of aergsols at-
440um675pm;870um /and 1020um spectral « tween ﬂesert and Ei(;ansocm-
influenced regions. Il this ( Zinder and Beijing wefe chosen to represent desert and

zfonsoon influenced/regions respectively. bt
Place and Duration pf Study:
Four years Aerosol Optical Depth (AOD)*were extracted from level 2.0 quality..
assured almucantar version product NET data, at both Beijing-CAM (116.317°E.}

9.933°N) é_l}d?inder_ Airport((8.984°E & 13.775°N) between 2012 and 2015. |

" In this , physical and optical properties of aerosols were determined using
Angstrom equations. Angstrom exponent, Gurvature, ﬁrbidity coefficient and Spectral |§
variation of the aerosols in easis=of Zinder Airport and Beijing-CAMP were i
and the results were then compared. Both the physical and optical properties of the
aerosols were determined from the calculated values

i TR

: - _ _ ¢ were $ou
indicorled were ke,
The results obtained showsed that there minant coarse-mode aerg#ols particles

Sie in Zinder city, fine-mode aerosol particles”in*Beijing,wsé
fsamek. The results also showed that the overall Aerosol Optical Depth (AOD) in Zinder is
higher than that of Beijin% but the atmosphere of Beijing was hazier than that of Zinder.

g-eﬂ e,mﬁmv

The prevalence of coarse‘mode p icled sizt?és in Zinder was due to desert dust
particles in the region, the pfevalence of fine-mode particléin Beijing was due
to anthropogenic aerosol particle¢in the region, which may Jestesultell from heavy
industrialization in China. The higher (Aerosol {oading in Zinder is responsible for
- absorbing light coming from the sun, whichy in turn, makes the atmosphere clear,
W}nte, .whﬂeas—theteraerosol loading in éeiiing is responsible for scattering light coming

Conclusion: win e

from the sun,(thereby obstructing the atmospheric visibility in the region.

ibwe‘, -
Keywords: Angstrom exponent, Turbidity coefficient, Aerosol Optical Depth, Curvature, AERONET
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1.0 Introduction ‘/

9 Apart from green-house gases, aerosoi;' another important agent of radiative forcing
10 that affects the planet Earth [1-3]. Aerosolsaﬁectf our environment [1-3], influences clou
11 formation [4], and causes overall increase’or decreasévin atmospheric temperature [3]. | J
12 AerosoP also affe human health by penetrating deep dewn intol’*r:’éspiratory nd UH““""‘H
13 cardiovascular system [6, 7]. These effects of aerosol'make it necessary to monitor it via
14 both ground-based observation and satellite [4, 8, and 9]. However, it is difficult to
15  monitor aerosol properties via satellite} because satellites always rely on backscattering
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signals,which are more often than not contaminated signals [10]. This is the reason why
ground-based measurements are more commonly used to get accurate aerosol data,
since the ground-based instruments are mounted to take measurements directly facing

the sun. & (uif; ctﬁ-{"acé’/ ,ﬁ?\m
There are REFEroNs er of ground-based Sun-photometer neiworks across the

globe that are us ese include SKY-Radiometer network

(SKYNET) and osol Robotic Network (AERONET). AERONEF is a very popular and

over 400 data stations

AERWET

worldwide for accurate retrieval of aerosol gptical depth (AOD), single-scattering albei’f

aerosol particle size distribution /(PSD), by taking into account direct solar
measurement and scattering measurement[14,15 ﬁm became a yardstick for satellite
AOD retrieval[16,17]. Two of the AERONET data stations are Beijing-CAM in China and

Zinder Airport in Nigessspublic. , .o Eerﬁubﬁio W iy Ns?e-r‘
ondr <

Beijing is the capital city of China‘,‘l is located in North-Chin e East-Asian region,

ituated at longitude 116.317°E and latitude 39.9330N,wit opulation of more than 19

million [18]. Bei the warm temperate zone, half moist continental monsoon
climate, featuring four distinct seasons: Arid Iti-windy spring; hot and muiti-rain

summer, sunny and fresh autumn, and cho and dry winter, afgl has experienced rapid
economic development over the past¢decades. Beijing shows distinct seasonal
transitionf, Atmospheric pollution is a eeneemed problem in Beijing human
activities and'frequent dust storm events in the city. Zinder, on the other hand#, is one of
the most popular cities inﬂ\liger Rapublic. It is located at Longitude 8.984°E and Latitude
13.775° N in the West-African sub-region. It is typically characterized as a Sahara desert
area with v¢rtually no rainfall. The arid nature of Zinder makes it possible for dust to
prevail and lil@igltyy cause haz%i_n the atmosphere. Figures 1a and 1b respectively depict

Beijing and Zinder,offils. >4 s cles gne Y

This i to find correlation between aerosol particle size clisiributitm,,(lE'SD)j

Sy eﬂz,/

110

affec

Hreoks

aerosol optical deplh,(AOD} and atmospheric visibilty in the two cities, using four years \w & rth

of level 2.0 AERONET data in Beijing-CAM and Zinder airport j:ehueen 2012 to 2015.
om
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47 Figure 1a: Map of Zinder
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49
50 Figure 1b: Map of Beijing
51
52 2.0 Materialiand Method
53 Four years (2012-2015) of level 2.0, ‘@ quality-assured’ AOD data eaeb:l Zinder and Beijing

54 were extracted from) AERONET database using[tandard retrieval procedure % AERONET
55  products. These raw data archive files were unpacked usmgszRAR 4.11 wizard and viewed USan()
56 through-the-Microsoft Jexcel »iidé%s: The AOD data used were measured at four spectral bands,

57  namely: 440nm, 67 , 87 and 1020, R—— rft.'f? as ’0 el

58 Annual median averages of the AODs alongsgd\evthelr corresponding wavelengths were computed
59  and arranged in tabular forms. Statistical comparison between annual AOD in Zinder and that of

0  Beijing was earried out. ../PQ/I‘@‘%‘M!C{ US:‘/\S m
61 The annual mean AODs of Winder and Beijirig were plotted against their corresponding
62  wavelengths and the—graphs- were fitted second—order polynomial curvey m\ natural
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o)
logarithmic coordinates, using least squaresf‘ itting to the Angstrom coefficients (o-/—'
64 Affaboth Zinder and Beijing. The Angstrom coefficients -determined were Curvafure (a;) and

Turbidity (p). AOD fmf
mbmmy

equation is given as:

The linear equation that links the natural-logarithmic AOD and the corresponding
natural-logarithmic wavelength is:

InT=—adBA + B ... ... i v venrmnmmvnarasnsei(@)

The second order polynomial equation relating the AOD and the wavelength in natural
logarithmic form is:

InT = caInA%+aINA " 4B...ceeeeeeeeeeeeeeeee (3)

Where: 1 is the AOD; a; is the curvature; B is the turbidity coefficient; a is the Angstrom

exponent. .
’5’34 Cal Qo‘iﬁ’t{'e"
Angstrom equation was also empleyed to Me the annual Angstrom exponents
in each city. The expression for Angstrom is given as:
dint €x @ﬂ{?»a‘l_ts
O == Fox reveceeessssascsnann, /O

Spectral variation of AOD (a’) was also determined using the expregsisieEisisecond
derivative of Angstrom exponent (a)

A= o = DUyeueueeuceeneesenseenrenennnanes (5)

The values of a, B, R? and o’ were presented in a tabular form. Where: R? is the least
squarée’value of the residual.

3.0 Results and Discussions

AOD in Zinder was higher thantAOD in Beijing. At 440m, the diffe e/between Zinder
im, however, the

of value 0:126. This implies

,0im channel shewed-

difference in AODs im Zinder and Beijinglvas?r'elativel
that 1 channel highest dlfference in AOD, wh‘ﬁffs
west difference in AOD jin the two € ar 2012.

L?J

/each case, tre

dpleged
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95 In 2013, Zind showec &OD 2s all-cansidered spectral ohennele/ .
96 except at 440 alu€ in Beijing-was 0425, whereas that ef Zinder [~
97 was 0.4 implies-tirat the AOD in Beijing at"440um channe is higher by 0.013. At /.2
98 1020pm and 675umywespectively, Zinder shewed highest and lowest values of AOD mere— 7
99 han-Beijing with respeetive-values of 0.307 and 0.35 Al L
h Otléﬂcc 4,
100 The case-ef-year 2014 is similar to that of 2013. ¥alue of AOD in Beijing W &
101 0.273,which was higher than that of Zinder(ﬁ 0.227)at the same spectral nél. The .)'
102  difference was 0.046, which was more significant than that of 2013. However,LAOD of Wme/enr )
103  Zinder was higher than that of Beijing in the remaining three spectral in 2014. ﬂ
104 The difference was highest at 1020um with value 0.022.andq'5west7;jt’8ﬁ,pm }with,value
105  0.011. ~—Cd ape > S
et B : “a “elp
106 \9"”& In 2015,~A0D in Zinder, was higher than that of Beijing throughout the spectral %
107 . The differences were 0.149, 0.232, 0.243 and0.241 at 44Qum, 670pm, 870um and %
108 1020&m respectively. %
109 Table 1: Annual Median AODs at Four Spectral Channels in Zinder and Beijing, 2012-
110 2015.
A um){ AOD (2012) |  AOD (2013) l\ AOD (2014) \ AOD (2015) / O/C'Q
| | )
A( pm) Zinder Beijing Zinder Beijind‘\inder Beijing Zinder  Beijing / ’ 9Q v
111 0.440 | 0.386 0.358 | 0.412 0425 | 0.227 0.273 0.442 0.293 y )((&\o\e)
112 0.675 | 0301 0.208 | 0.357 0.247 | 0.171 0.160 0.406 0.174 Q\\ﬂ‘\) ({
113 0.870 | 0.260 0.152 | 0.324  0.196 | 0.140 0.123 0.380 0.137 ?(Dfm V’
114 1.020 | 0.243 0.117 | 0.307  0.173 | 0.124 0.102 0360  0.119
-l . T k 1] -

Table 2: Angstrom Parameters in Zinder and Beijing, 2012-2015.
f ; : ¢
Year ( ' a, \ B 1 R® ( a k o’
]
Year \Zinder Beijing EZinder Bei]ingFinder Beiiing\%inder Beinjind\Zinder Beijing

2012 | 0.320 0570 | 0.640 0.792| 0.999 0.996| 0.580 1.256 | -0.658 -1.140
2013 | 0.154 0.344\_ 0.561 0.988 | 1.000 0.995\0.354 1.135 | -0.308 -1.688
2014 | 0.172 0.506 1 0.382 0.632 | 1.000 0.0.995/ 0.710 1.170| -0.344 -1.012
2015 | - 0540 \

/
0.502 0.663 l 0.998 0.996 / 0.222 1.115 - -1.080
|
| C

L | A
mr
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Figure 2: Comparison of Annual AOD between Zinder and Beijing Cities |
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Figure 3: Comparison of Curvature and Turbidity Coefficient between Zinder and Beijing
Cities
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Annual Angstrom exponent{a):
Beijing vs Zinder between 2012-2015
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osol particles take
111, 19 and 20]. From _dnd g
—able 2, all a-values in Beijin th prevalen?%i;:umde/
particles in Beijing. In Beijing,*fine mode fr, than 50%, ore than
70% fo¥ summer [21]. Average a-values in Beijing recorded in the year 2016 were from
around 1.0}_5&?[?1‘ 2005 to around 1.1 2014 [21]. This a-value of 1.1 in 2014
agrees very well with our value of 1,170 recorded in 2014. For Zinder, on the other hand,
a-values were <0.6. This implies¥dominance of coarse mode particles in the region.
However,‘}f&':value recorded in 2014 was 0.710 which indicates dominag% of fine mode
particles according to [22]. This might be due to efremef instrumentation; meteorological o
factor or inadequacy of the WIWW/ ﬁe
repor‘t’ed that any value of a @ order of zero can be considered as coarse-mode [22]. 8y
H_Based on this report, thﬁ’a-value of 0.710 is oefisidered@lis an indicator of coarse mode,
mixed with reasonable amount of fine-mode paniclethh& domination of coarse mode
particles in Zinder was due to the fact that Zings[ is‘a Sahara region which is typically
characterized with dust aerosol. Comparison of Angstrom exponent between Zinder and
Beijing was given in fi_gure 4. .__Moreover, studies show that curvature of coarse mode
aerosol particles and that of . bimodal aerosol particles,; in which coarse mode is
dominant always appear positive‘.{i:t changes rapidly with aerosol properties and it affects
the value of o’. From fable 2, all a,-values were positive, wq;gh indicates prevalence of
coarse mode particles in both Beijing and Zinder. However, icUrvature of InT versus InA
was found to be negative for biomas burning aerosols in Bolivia and Zambia, and for C\C
urban industrial aerosol in USA [22]. Based on this report, it is possible that fi 0
particles that were claimed to be gf more than 50% in Beijing mot—up—te—!heﬁﬁﬁﬁrm\ Qe

That is why the curvature did not appear to be concave as Atypically found with fine-mode

I'; no‘f-
\Ijh
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particles. i IB&I]II‘IQ, dust storm # very commo) and it is possible that the dust
events s fine parti es from anthropogenic sources.
Throughout the four years, Beijing higher values of a, than Zmder
which can be seen "EBIe 2. The curvature is also obvious on the curves |n-'ngures
3a-3d. Nevertheless, in 201 S%ﬁnear fit was found to be the best fit for AOD data in Zinder.
This is because, the curvature in that case was found to be very small, which was

considered insignificant and ct{l\llfwglemassgalted the use of linear fit, instead of the Secomd-erdey

polynomial fit. In this case,i that the small value of the curvature was due
to bimodal aerosol size distributiorb dominated by coarse mode particles [22]

Moreover, the curvature is more significant under high turbidity condition. This
implies low curvature, high AOD,and high o’-values. Change in curvature in spectral AOD
can be due to the existence of more than one type of aerosol present in the atmosphere
[22]. FromJigL re 3, curvature changes more relplcllyr in Beijing than in Zmderﬂﬁfs implies

i Beij S re-tvam—-one: This is expected in a mega-city like
z eqmg)wnthxpopulatlon of morey&an 19 million. Fine-mode aerosol particles are expected
from human actwutles in the city’coarse-mode aerosols particles are expected from dust

storm whlchu ver frequent in Beijing. T
/ g Wim b/ N

Values of B<0.1 signify relatively clear atmosphere(’ whereas values of $>0.2 signify
relatively hazy atmospherg [23]. B secLon this cuentlon, since vélues of B from table 2
were all greater than 0.2, then u:%wd—lhat the overall atmospheric status in
both Zinder and Beijing was hazy from 2012 to 2015.
maximum haze status in 2012 withg-value 0.72 and minimum haze status in 2014 wuth&ﬁ

value 0.416. On the other hané‘, Zinder aximum haze status of B-value 0.640 in
2012} and minimum haze status of g-value 0.300 in 2014.

inolicats thaf

~

h\cﬁ:
iov‘hmcf{e

4.0 Conclusion

The results founs Heert=tivere 13 5T coarse-mode particles'in Zinder due
to desert dust prevalence in aII the four years of the study. Fhesrsswiis, ©n the other
hand, shewsihhet-there is a mixture of fine-mode and coarse-mode pamclewmrg,'rgg/
results also revealed that both Zinder and Beijing atmospheres pically
characterized with haze due to dust (g@s in the case of Zinder) and due to dust storm*and
excessive anthropogenic aerosol release in the atmosphere (g in the case of Beijing). In
case=f Zinder, the desert dust absorbs more light than it scatters, thereby causing less

haze. In gasersf Beijing, the anthropogenic aerosols, which are dominant, scatter more
light than it absorbs, thereby causing more haze in the region.

o

Tble 2, Beijing ahewetF 179107@@/

/\%

Wepeo
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