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Fig. 1. Diagram for CCN on climate effects
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Fig. 2. CCN and related aerosol properties
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Fig. 5. Outline of this study
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Table 1. List of data from ground and remote measurement
AOD from . y )
Characteristics CeN st based MODIS MERRA2 Acrosol absorption. Acrosol scatiermg  Acrosol chemical
coefficient coefficient composition
measurements
Measured AOD * MODO0S_M3 * MERRA-2 - = = <
CCN particle by sun (collection 6) insthl 2d gas Nx Biadinied Part_u:le Intograting A::rnsol sampling
Dataset Soot Absorption Nephelometer (TSI uvsing a three-stage
] photofete, ORI R Photometer (PSAP)  Inc, Model 3563)  filter pack sampler
Type SPla (collection &) inst3 3d gas Nv . Z
+Monihly + One munute '_ Monthly « Monthly average + Hously average * Hourly average
Temporal average data average data g
: 3 average data data data data * Daily average data
resolution * Daily average * Three-hour «Diily aviss dita
data average data Y =
Ny-Alesund
o 3 5o Ll
Spat;i;f;zlc\gmon Zeppelin station (fte:;?; ;n (11 10 ;1 OE O&'” ;?05?? Zeppelin station Zeppelin station Zeppelin station
S (1L8°E 7891°N) i TN 79020 (11.89°E, 7891°N) (I11.89°E 7891°N) (L1.89°E, 78.91°N)
78.923° N)
L";'ﬁlg?fc Lon.: ~180.0°
Gnd One point One point = to 179.375° One point One point One point
Lat - 89 5° <
- Lat - —90° to 90°
to —89.5°
502 7
}iﬁiﬁﬁf’f;ﬁ? *55/72 <4272 <4 <7272 » 1,688/2,192 9192192 g:él-]l’zl:fﬁl?;z
iRy «1.535/2.192 +518/2.192 « 64102192 +2.192/2.192 (daily ave) (daily ave ) el
daily average) = = (daily avg.)
Wavelength 501 nm 350 nm 550 nm 525 nm 550 nm
Supersaturation 04 %
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Table 2. Seasonal CCN-AOD data in Zeppelin, Svalvard from 2007-2013

CON [em] AOD from ground- — ryryic A0 MERRA-2 AOD
Season (S5 = 0.4%) based measurements (550 nm) (550 nm)
e (500 nim) ;
Spring 130+ 89 0.09120.050 0.125£0.090  0.106 0.043
Summer 85 = 65 0.0580.023 00870156  0.0670.031
Autumn 1323 0.05320.029 005220077  0.0640.027
Winter 58< 66 ; i 0.074 % 0.035




R =

E E

o o

8 5

=] =

E e

£ 5

o o

s ]

o =

£ :

E S

'|"_- 'fm OO

E E 55=0.8%

= = so0 -

: E

£ g

= :

8 § H

5 Pt

b 2

: ;
L A L

= = 2010 2014 2012 2013
Year

Number Concentration [ em™ ]

07 2008 2008 2010 201 2Mz2 2013

Year

Fig. 8. Trends of CCN concentration from 2007-2013 in Zeppelin, Svalvard (SS of 0.2%~1.0%)



150~

400 —

Number Concentration [em™ ]

1 85 =02%

150

00

Number Concentration [em™ ]

|ss=08%

150

100 |

Mumber Concentration [em™ ]

| ss=04%

Number Concentration [em™ ]

S5=08%

8lg-

155 |

100

Humber Concentration [em™]

EE=1.0%

1 2 3 4 5 L] T L] ] 0 N 12

200

Number Concentration [cm™ ]

—— S5=10%
- - S85=08%
55=06%
S$8=04%
58=02%

- -
JEET SO——
— - —

1 F 3 4 5 L] T & a RLUN &

8lm=

12

Fig. 9.Monthly variation of CCN median concentration from 2007-2013 in Zeppelin, Svalbard
(SS of 0.2%~1.0%)



J FE MA

i AN 300 B i R o APR

200 ‘m - ‘m - w0 —

100 — | 100 — 100 - 100 -

0 J.\. 0 fz\ y - oo —
— 001 04 1 0o a1 1 0.0 0.1 1 M o1 1
A JuU
% MAY SN L AU

g |
1 200 — | 200 — 00 — 200 —
(=]
g' 100 — 00 - 100 — 100
T
e 1
= u|.:|-01_r"1-”IrIrJ.'-:I_"I_'lTI”"1 ] T © TTTT] o LLLIL R R
k=1 : : 001 0.1 Tom 01 1 0m 01 1

00 SEP 300 ocT 10 NOV 100 _DEC

200 — 200 —| 200 — 200

100 — 100 100 100 —

o ’fjftjr\‘hm. T-u"—Aﬁ;:#iiEE%:z

Dp[um]
Fig. 10. Monthly variation of aerosol size distribution from 2007-2013 in Zeppelin, Svalbard

¥ o0 LA 1

)

(=]

L=
I

100 —

* A @
!

/Slope = 0.9598

R? = 0.8701

Slope = 0.2313
R®=0,3983

Slope = 0.1529
R’=0.3713

CCHN/CN
CCN/CN, 4onm
CCN /CN ;. 100nm

> ¥nm

1:1
L
500 600 700

-

CCN Number Concentration [ cm™ ]

0 100 200 300 400

Aerosol Number Concentration [ cm™ ]

Fig. 11. Correlation of aerosol number concentration vs. CCN number concentration



2 AFNAE oy dol2Ee E 4 54 Fehs 98k, Ny-Alesund ZF1ukl &4
2ol A TEM-grid analysis® %3+ olo]2Z9] 37] % shape e ABES =AY vHFig. 12).
Fig. 12014 & 4 gl%o], vl78 Felo dAE® ofyl, 782 Y=k, chainF el dAES
g1 4 At AHEZ AHSsE 7Yy AR #HES vl ATV 28FE BRAFa S
FrE A5E A7 A4S B¢ T SAdARE 2ast 9 F3hE BEA 4bEe V)

o

2482 B89 5 ok

e

15.0kV 15.1mm x3.50k SE(M) 10.0unlw 15.0kV 15.1mm x700 SE(M)

0324 15.0kV 8.5mm x50.0k SE(M) 1.00um 0324 15.0kV 5.4mm x100k SE(M)

Fig. 12. Morphology of single aerosol particle at Grubadet station, Svalbard




—_—

—2. S3XY9 olojzE2| =t

i

M EM
=

293 543 Hio] dol=Ee] 54 ot BAF F& EHES BIAY oojFe
sl314 54 ABolth CONBE, o289 A/ REE MEDE BIAY oJo|2E 2

HARE stz B4 A%se BAT o, )

—Eilmi‘l

2

CER dojz2E AL HHARD wiEolol Th2Ad wkgol 9% 23k HAo] ot o
stez, 55X JdojzE E4ME 28 el e detstr] A Tt d AR
deol Z4AE FHI7 dasit & AFoAMEs olHd Aol zbste], ZFuHIUl S a0 A
ST dolzE 9 Tt =49 353 Ao FdFe T4sIT- 1g 13€ 2007-2013
Tk ols 24 BHS AL RAFT YTk BAUA ZHARE F2 TSP(otal
suspended particle)’d-2] NH3, HNO3, S02%2| 7} &= ammonium, mtrate%gl F710lL,

T93 K+, Cl-, Nav5e] ol sESolth Awnos 24 ¥=r} Z715hn 71 ALHo
=

BE7h wolAE AYH AFE nel 23 ot dRE, BAW FI40ae Eo Fole

oh‘,

l

AolgHe AT 4 Yk B AN FuE dojmIel Fotd Aut Feld SAAR}

AR

oot
dm 4

e

=

b, Fet

=

=

of

ta E2)-3sta g el FeAEete] Af@A oo Hgs)

i

Apt AE Dbt Jan Agr Jul Dcd Jan Apr Jul Gat Jan Apr Jul Oct Jan Age Jul Ogt Jdan Ape il Dol Jan Ape bl Ot
s - OB
000 TR 2 Det Jan Agr Jil et Jan Apr Jul Ot Jan Apr Jul Dot Jan Ape Jul Oct -an Apr il et Jan Apr ud Oet E o4
Zos
s 0z
_ 2o 25
Zois oo
E Ape it Dot Jan Apr Jul Dct Jan Apr Jul Ocf Jan Apr Jul Oct Jan Age Jul Ot Jdan Ape Ll Bol Jan Apr Jul Dat
Tooae

as

a4
Ap i Dct Jen Age Jul Oct Jdan Ape Jul Ot Jdan Ape Jul Oct Jan A Jul Oet Jan A Al Ogt Jan Bpr Jd Oct gﬂﬂ
302
@ pa
_ ok =
Eas T Ape Wi Ot Jsn At Jul Ot Jdin Apr ) OstoJan Apr dul st dan As Jul Ot Jdan Ape dal el Jan A hd Ot
oz a0
oo 2,
A i Det Jan Apr Jub Ol Jan Apr Jul Ocd Jan Apr Jul Dct Jan Apr Jul Oet Jan &pr ol Dt Jan Apr ol Det £ om
2 o1s
g o
= 008 i %
% oos H 000 e i Oct Jan Apr Jul Oct Jan Apr W Oct Jon Apr Jul Ot Jan Apr dul Gct dan Apr il O¢l Jen Apr el Oct
+ ooe
£ooe =
]
Lol Ape il Det dan Aoc Jul Oct dan Apr i Ot dan Apr Jul Dot Jan Ape Jul Oet Jdan Ape Jul Oct Jan Apr Jul Ot .
*
z
=
TR p e i
1 z
i 0T R A Gt dan Agt Jul Gca Jan Apr ol Ostodan Aar il Ot dan Apr dul Ot Jan Ape il Dcl Jan Agr ol Dt
=04 v T T 3
% i
Boa i
ApF Ju Det dBn ADC Jul Oet dan Apr Jul O Jan A Jul Oet Jan AN Jul Oct Jan Ape Jul Oet Jan Agr Jul Oet o |
2oz 1
£
x
o1z ge II
F oo = oo o rpo
R i Oct i Apr dul Oct dan Apr kil Oc uan Ar Jdul Ot dan Aar ol Oct dan Ape Jul Gal Jan Apr dul Ot
0
o oo
8 2014
g
2 om 2007
g T T T u
ity Oct Jan Apr Jul Det Jdan
2007 2014

Fig. 13.Trends of aerosol and gas concentration at Grubadet station, Svalbard (2007-2014)
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Table 3. Comparison of HULIS-C concentration in Arctic regions

Site Sample type Isolat. Meth, Quantif. Meth, HULIS concentration (pgC L") Reference
Min Miix Averige
Station Nord, Arcuc Acrosol (PMg) HLB TOC 002"
Barrow, Alaska, Arctc Snowpack DEAE TOC 1 16
Alaska, Arctic Snowpack UV—Vis 1200 1500
Col du DOme, Alpine Ice core UV—Vis 50 400 7
Col du DOme. Alpine lee core DEAE TOC 4 250 201
Antarctic Snow, couast XAD-8 Gravimetry 16 397
Antarctic Snow, inland XAD-8 Gravimetry 25 146

* in the unit of pgC m™".
" the concentration of non-BC light-absorbers in snowpack.
“ in the unit of pg L.
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Table 4. Daily average AOD distribution (2013-2017)

Season MODIS AOD  AERONET AOD CCN MERRA-2
g 0125 0090 0104 = 0.045 129.711 * 83.843 _ 0.106 * 0.043
pring (48%) (36%) (68%) (100%)

cummer 0087 = 0156 0072 = 0034 84521 = 65338 0.067 +

(57%) (26%) (76%) 0.031 (100%)

agtu 0052 £ 0077 0.070  + 0023 33103+ 31826 0.064 +

(11%) 4%) (72%) 0.027 (99%)
- 57.675 + 66.404 0074 +
Winter - - 63%) 0.035 (99%)

Table 5. Characteristics of MODIS, AERONET, CCN, MERRA-2 AOD dataset

Characteristics MODIS AERONET CCN MERRA-2
~ Cloud e MERRA-2
(.c é\ﬁgg?gﬁg?’ Bgfé?ns 2 Condensation instM_2d_gas_N
Dataset L oun Nuclei X
e MODO08_D3 Algorithm, : _
(collection6) Level 2.0 Particle * MERRA-2
: Counter (ARM) inst3_3d_gas_Nv
e Monthly e Monthly e Monthly e Monthly
Temporal average data average data average data average data
Resolution e 3 hours e Daily average e Daily average e Daily average
average data data data data
Hornsund .
Spatial 1 station Zeppelin 0.5 ° 0.652
Resolution &  (11.5 "E, 785" (15560 "E, (11.89 "' E (11.875 "E,79 °
Used geometry N) 77.001 " N) 7891 °N) N)
Lori: 9—129.5 ’ Lori: 9—%80.9 ’
Grid tLOat,:ZB9'.55 . One point One point ioat. :7 _'gg 2 to
t0-89.5 ° 90 °
Number of data
42[72 e 38/72 ® 55/72 ° 72/72
(formonthlyandd °
ailyaveragedata) ° 641/2192 e 364/2192 e 1535/2192 e 2192/2192
Wavelength 550 nm 500 nm 550 nm
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Table 6. Seasonal variation of regression coefficients from aerosol chemical composition and
scattering coefficients

Coefficients Spring Summer Autumn Winter All
Constant 1.389* 0.636* -0.352 -0.138 -0.076
al (SO) 16.473* 19.458* 23.941% 17.621* 18.465*
a2 (NaCD 2.355% 1.240* 3.374% 4.585* 3.882*
r 0.737 0.803 0.873 0.806 0.802
N 146 75 136 176 533
* p <0.05.

Menon(2002)¢] d3) <70l U}EL, CCNL 54 SO~ =9k AHH] A#S 7HA §
o CONS =8 FH0FE,

q2E =4 ¥ B3 54 thhk1m
CCN-SO* = 3 3]

log,,[CON|=a, « log,,[SO} ] +¢ 3

Table 7. Seasonal variation of regression coefficients from SO,> and CCN concentration
(log,,[CCN =a, * log,,[SO; 1+ ¢)

Coefficients Spring Summer Autumn Winter All

Constant 2.456 2.343 2.278 2.510 2.468

a1 (SO4* ") 0.483 0.390 0.612 0.778 0.649

r 0.618 0.425 0.523 0.745 0.647

N 347 307 264 282 1,200
B Aol E ool WES SAAA, CONst B3t S43te 4ad 2o 95
CCN AZd =AGA 59 AFsted CONFG =AE AODZre] #A A4S oo} o] =&3taA
skt BC, DUST, OC, SS, SO4& 5 ZFAFS 75, Table 8olA HEnte} #Zo], A3

BC¥ko] CCN3 fro|vlgt AxtE HAoh



log,,[CON] =a, * 1log,,[AODyz ] +a, * 10g,,[A0D,; g7 +ay « 10g,,[A0OD,]
+a, * log,,|[AODy]+a; « 1og10[AODSOf,] +c @

Table 8. Seasonal variation of regression coefficients from composition resolved AOD from
MERRA-2 and CCN concentration

Coefficients Spring Summer Autumn Winter All
Constant 1.153 3.293 1.949 1.636 2.955
al (BO) -0.726 0.810 - -0.428* -0.247

a2 (DUST) 0.191 0.275 0.360 0.530 0.678
a3 (0C) - -0.466 - -0.671 -
ad (SS) -0.220 -0.259 -0.179 -0.257 -0.164

a5 (SO4&) 0.657 0.257 - 1.134 0.309

r 0.409 0.548 0.233 0.679 0.594

CCN3} sulfate(SO%) <t BCE] AOD7}9] A#AAAES O AE3] Admultilinear regression)2] &
ol g3te] F& 4 gtk oty E= CCONF SO 9 BC7|wk AODO| A@#AAES EA3F Aol

. Table 994 & & 9l5%9], Xhﬂz‘#ii BeEs o, A4 SE sulfatee] 2% 0.363, BCo
<. 0.8662 A7 EAFCR FousHA EEFHUT AXMEE HS u), sulfatee] AR

Lo, Aol BC A% o8, 7hgl felnd 4BHE Hole A ¢ & Atk

=

]
o}
%)
&

log,,[CCNl=a, loglo[AODSfo]-'ra2 « log,,|[AODg )+ ¢ (5)

Table 9. Seasonal variation of regression coefficients from AODsps and AODgc from MERRA-2
and CCN concentration

Coefficients Spring Summer Autumn Winter All

Constant 2.668** 2.995** 2.827%* 2.293** 4.572**

al (40Dg,.) 0.346** 0.276** 0.075 0.785** 0.363**

a2 (AODgc) 0.039 0.273** 0.468* -0.220 0.866**

r 0.226 0.227 0.113 0.331 0.373

N 378 419 396 342 1,535
CCN# Fe5AH o 2 RE Fotodxl 4et 8 F5 AT AAdAE o9 dAAH
Zo] el 4 9tk o714, bya®t bass A4+ nephelometer$} aethalometer2 & =43k
ZeppelinZ7g oMo At 81 {5 ASE vty CON# o5 A& g &5 Algote] #

Ae et 2.



log,,|[CCNM =a, « logyb,.,]+a, « log,b,.]+c (6)

Table 10& CON3} 4@t 2 §57A153ke] B8 HelF1 gtk F&u4E CONY 5,

ME2 Ak Fig 34 olsh Zol #3a BA 2t =
< A4 et mwstAt Fig 34014 HE wkek el 7]F Menon(2002)9]
B AT Ao 228 4520 CONS o & 453t AL & 5 Aok

Table 10. Seasonal variation of regression coefficients from ground measured bs,, and bays and
CCN concentration in Zeppelin

Coefficients Spring Summer Autumn Winter All
Constant 2.109 2.164 1.709 1.706 1.899
al (b_sca 550 nm) 0.242 0.414 0.301 0.559 0.357
a2 (b_abs 525 nm) 0.330 0.246 0.203 0.414 0.236
r 0.640 0.702 0.623 0.954 0.692
N 119 101 133 141 494
500
O Thies shody eem 4, (2) S5 =04%
& Menon o o, (2002)
400 4
B
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)
2

g
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Fig. 34. Comparison of the estimated and observed CCN



Aoz Ze Belslety 547 B 549 ARNBAS vl AL Be BIUYH I}
e TP Atk We YAARE FF JOl2E 54 FFE WS FRHUAE ojele
Al B ATAE AF7A £5F AT PHES JNOE, YAAERE 5 ol=E 5
Qo) shefst Bl 24 Amo] N olol2E BoHe EAe] dHATE 9% oolzE B3
3 B4 mA duelZe Astad siach Bebd west A7 A3 AY=E Fig 39 2

=

Aerosol Radiative Forcing: Top of Atmosphere Idea
AF i T (I-N)T[(l-a) (l-g)w-4a(l-w)]
4 Scattering Absorption

References Assumption L, R ——
= . : e
(Measurement) (Scenario)

s

Measurement

1 w g'/ T
% f_ﬂd_—--""_‘_' ..a
cwl “g Eyek snd Wong, GRL 1054
w=018. gt } Birong Impacts on Boundary
| n put ; 1! ] i L Layar l;:::::l.og-[w:::urh“
Carbonaceous -
aerosol mass
concentration
/ Output
Agro_s ol == EC Aerosol Opticgl
distribution !
-lognormal Parameterization Properties
- 2 = WISOC for polydispersed - Scattering
Species densities OC | [rus] g - .;s?:crgggn
Refractive indices WSOC - Radiative Forcing
Mixing assumption Hygroscopic
- External mixture Assumption

Fig. 35. Schematic diagram for parameterization of aerosol optical properties from aerosol
physico-chemical parameters

35



g =o =AW oo]Z 9] extinction coefficientS Mie theoryol
2ZUAe ATFHE 2slstal, ol& AP 3] A regressione

= t FHo 7 TE3= Aol (Fig 36). /MAd dagl&E
d o} A7 =AHz5 vl % THEA ooj2Eo] 7] ¥4 wE mass scattering
efficiency, mass absorption efficiency(MAE), mass extinction efficiency(MEE) &¢] #& 4t&3l=0)

&89 o Utk

/ efficiencies (MEE
Opxt = 2@ M;.

g, a3xfx[(NH4)2804]+3xfx[NaNOe] +4x[OC]+10x [Ec]+1x[gmundbased]+o.sx[coarse]nox{ﬁayfefgm

Monodisperse TF’Ol)ldi5|:>er5n’:‘
y
y 3 ) y L))
) ) » 99
' ) =nnr r
) ) ) ) ) ) " ' N !()d
2 A ! . B.= [ty 0y dr

- _ 2 ,
B.=No, =NQ,nr B, = [n(r) Qu(r) mr* dr
0

Fig. 36. MEE(mass efficiencies) for polydispersed aerosol

o2 AT FAolA BHEAL oojE2Ee] MEEE X3 H& o] 83ty &9 =3
H 2oz F3o] 7153tk

-1/2

et = (wx g™+ (e ™) " = {100+ e x ™) "+ (0 v e o) |

(7

w3l e AAke) A EE AEZQ MEE, MAES S #S Z7|Ex29 g o
st} sl o] 2 %3} f(harmonic mean approximation)& ©]-&3&te] |4 A FHA o2 H}
= Aotk Fig. 372 EF3E AT 7AZ dAE HoFa glow, Fig 382 AlF#<d
#A 8 =Ed 2esh AE 2R itk HAE¥Her =39 H44d AdE Fig 399
2o Fig. 39914 & 4 Slxel, 2rFate x3g o o] &3 Zaste 2o Mleo]ioﬂ ofstoq
FAHo R =3 MEERS dAY A7IEX dstd & q3Fdts AS & F Utk & 9+
B F 1A 228 /538 4 Ao D MEEE 7|8 973 i3 EOIE} E}EW

= 2o #Hl
Ak dol2E9 JAAVEZE B B4 7 We 1Het &
7o rEEtE WS Fote] dHEd HRleE gEds 1

36



= ~ w »
i ok i ow i oa e

Mass Extinction/Scattering parameteria)

o
n

o

EC

EC e
2= 1 1.2 14 16 18
T ™ 085 |
i 2 . y=-19593k r 43599 o
_ 51 l A =0997 -08s w-n-‘.'l;ﬂol!!
blﬂ.ff it aldl X [EC] 5 1 yeossenezise T * - - - '] R
209958 ® EC {MEE) A R A b
? . L & . mEC g - R 0594 = EC
i 3 e - i i - 4 EC (MAE)
I . 1 e
b =ad? X A05] e | TR,
- - 1.35
i : 1 12 14 16 18 L S
P Sxandaed D (o ‘Geomatric $tandard Deviation (o)
=AY = =
b ey =a5d; X[AMN] _ a,=6,0,+6;, b=8.0,+9,
wis | &
Composition 8y oY 3 et
54 EC (MEE) -19573 4.3999 0.0435 -1.1707
ba:.OC o a4dt X[OC] EC (MSE) |1 09363 2158 0 -1.0155
EC (MAE) -1.0178 2.2355 0.0775 -1.3203
55 AMS 2 -2.3096 5.0117 0.2965 -1.6764
b s =asd. X[88]
a3l 3y AMN 3 -2.3535 5.1069 0.303 -1.6817
oc 4 -2.3953 5.1958 0.3035 -1.6852
NaCl - -1.8886 4.0994 0.2955 -1.676
B, e = e % [Residue] -
et Rezidue — “6%g Residue | 6 -1.7206 3.7462 0.262 -1.6003
-11
‘ +AMS v:-ziifzf;;s-MS 1 11 12z 12 14 15 16 17 18
i i ,;-z:is:;ss;usn L1
3 bab & =
TR " b r=-2'.:s=9:9;:£zsz's g RS *
s, i L7 s
s VeSO g - L= //5 mann Y =%?E:17
.\., B Residue ¥ =°1.7206x» 3.7462 E e ./,/” A0C \4=§..3UE:- 1.6817
R*=0998 - = =0.9965
i o oy Vo
g 135 g xowater  y=11858
# esaue ¥ <0282 18003
112 13 14 15 18 17 18 - Geametric Standard Deviation ()

Geometric Standard Deviation (o)

Fig. 38. Resultant formulae for MEE(mass scattering efficiencies) parameterization

37



AMS (Ammonksm Sullate, & =1.5]

Geomelre wlume mean dua mrw*[.r.l'l__ o)

AMS [Ammonium Suifate, @ =2.0)

(b)

(d)

AMN [Ammonium Nitrate, o s1.5)

1 " :

. F JE—r— ) ; f— i

" 2 R — . L7 e = Approvimsted ML
e x W6 B i
E 3 g £ 1 ;
i - v
s 1 et d

¥ ¥ ! oy | Rl T4

: MEE, b 404, : =

: l\\ |

Q e ]

oo 8 100 o ol P Lo Qo

Geomptfic vodummve rmdan di ll'l‘lﬂ'lil"fl.'.f_.. Jufm )

AMN [Ammonium Nitrate, o =2.0)

§6 10
9 & | || ===hagE s | I e
[ — [ L F b —mpprovmated MEE
i - 1 :
: AR .~ 35
- i | - wd
. 0 1 . | i
E * 1 i E_ 5 { _.' .
o = ?
oa i woa
= , It - 2
] H
L 1
o . o |
o - s 100 o a5 e1a L0 i
Geomatric velume mean dismates(dy.. pm) Geometric volume mean diameterfd,,, pm)
[E‘j ANMS [Ammaonium Sulfate, m 2.5 "‘1 AbAN (Ammonium Nitrate, =22 5)
10 = b
L | -1‘_“' " -'; i
. | F{ = ~hppravmated MIE i 7| = = Appoonimmed Wit
o, | z ! o i
e A | SEFI o L] 1
E 3 | Fisic) E i ",
B . | Bo
= A =
1 | ]
1 1
o o
L] a1 100 (B oy =K1 ] ] 1008

LSS VOSIMmE maan diameten| 'l._'ﬂ jam)

Geometric volume mean diameter(i,. wm)

Fig. 39. Comparison of the analytic and numerical calculated size resolved MEE (Ammonium
Sulfate, Ammonium Nitrate)

38



5.2. LE =22 7|olg ZotE S5t 2aE YU UE FstY T|lojlg T& Yd|E Y

2 AFoMEsE 29549 7Y

o
i)
B
il
offt
QL
£
[ ko
B
%
(i)
o
o
113

18 EF Mtz sdTh 229 dagFel 7hHiste gidol=
MEE(Mass Extinction Efficiency) =&¢s 2 A ¢¥ MEE# ) &34

Bt EA BT =3, CONI 24U w53 A43dA 24
o & 3354 AODZF CCN-AOD #A2] A4 2
= Fig. 403} %t}

- Source Contribution

PMF ) - Source profile
model
= . Output
Each Species
Carbonaceous P ) )
. I Source
aerosol species ’
beyr = Za; - M;
mass EC oc \
concentration
of source

_ﬁ_@odcfe__r_,__,. :

- Aerosol Optical
Properties

Physical/Optical parameters - Aerosol extinction coefficient
| size distributi - Aerosol scattering coefficient

Aero;g size distribution - Aerosol absorption coefficient

densities

refractive index Output

Mixing state

Hygroscopicity

Source based

Mass extinction Efficiency
Mass scattering Efficiency
Mass absorption Efficiency

Output

bexvaonges = Evongsn - Muongss
bustrocans = Etocaran * Miocaina

Doyt seconaryon = Etseranaryoa * Mseconaryoa
Dext piogenic = Edgiogenic * Maiogenic

Bextmixed = Zptixed * Mutixea

Fig. 40. Schematic diagram for obtaining polydispersed aerosol optical properties from source

based receptor model results

CCN3} aerosol & &, mass extinction efficiecny= o] Z2&2] =4
|

ol oAt EAe] wE e 2 Bk of71A, i= HBAR, ji o
G},

CCN=)}; o, - AOD;=),; a; - MEE,; - MasS ,umi
CCN=X; a;- AOD;=}; o - MEE; - MassC
AOD,=X; AOD;=%,; MEE; - MaSS ¢y pymi

AODy=2;A0D;=3.; MEE; - MassC

39

| we) Theol wA4

2 Z9] SourceE 9Jn]

()



dqojzEo U, d¥isko] 7w source® #3 EAH7ES tEI Ao Fig. 419

A g 5 sl 9d slelgst 28 Yol Augel o@ Aol AW 2 WEL ¢iok

T

Factor 19] A% OC> SO4> BC, Factor 29| 7% SO4>SS, Factor 3¢ 4% SO4>DUST7} 8
AEoZ FAHA e Aoz BN

(a) Dalily

100

40

Contribistion (%]

(b) Monthly

ithar %)

Caontri

Fig. 41. Source contribution of aerosol optical properties ((a) Daily averaged, (b) Monthly
averaged, based on MERRA-2 reanalysis data)

Fig. 429} Fig. 43 <Al Am3 w23 npx7kA & sourceo] 243 Y (Fig. 42) 2 944
T =(Fig. 43)9} 24 7]¥HComposition- and factor-based) CCN3 AOD sx2] W3S AAE
How He Fa 9k Fig. 429} Fig. 43014 2 4 gi%o], %% CCN @ AOD7} #2s A
o= 24 a4 71021:5-8— =4 A7l w2k Zolrk e AS & Ao wEkA, 353

549 24 3 719&0] CONT 9 & PA= 9FS 4T 4+ ozt =4 3 7]d 9
SA4<S 83 sl ot

40



AOD

(a) (b)
© (@ ¢
(e) ¢
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