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CARSNET (China Aerosol Remote Sensing Network )
(Che 5, 2009) FI & 2 i K 4 I 42 719 K PH—
K25 55 B 11 W0 X SONET  (Sun—sky radiometer
Observation NETwork) (Z=1E58® 258, 2015),

iU ) L SIS Sl ) AERONET
(AErosol RObotic NETwork) & H R S H &2 .
BRI IR IZ BRI ) 22 M S A
WL 3G 5 4L E A AERONET, I8 A 8K i a) 5
SN B . NS AR 2227 FI ] AERONET ¥
SRR X PN i i DX TR U I B R AT T R
(Bilal %, 2017; Levy 2%, 2013), {H PN H X
B UE X [ B T 4% TR A T i ) B R
HAZ BN, Si% (2020) 154 E 4 5 5 MISR
AR ok R s, B B ESM, FEK
7 IS, TS5 (2020). WangZs (2020b) Al
B rian 4 (2018) S Sentinel-3A OLCI Al Wi
. GF-1 WFV ISR #REEH AOD (Aerosol
Optical Depth), & 3L FHFEA A 295 . AN Al 43
K B AP e — B 2252 /DA 2238 R 5
UE A 15 7 H X MODIS 7= i, ANCA XA % B
Mk SIS E, 0B R KA, & B MODIS 2
1) AOD (AR 2B/, HEE RAH I3 V& A2 W B iR
2N, BAE OMERAE, KIEMRME” Mg,
L3 AN T s M L REAR R SC 5 110 3 N il a5, LA
KREBK m (EZ 55, 2016; B FHAN 4,
2016). WA, A RZ 2% FIH AERONET A9 WL
DI, B0 e 2 TR B 2 S 8 A
FEARRAE, 8 b DX ) KA O 2 e S
AR, 8 R A S B B[R] E 51 9 A8 10 R
(Tk&E 4, 2021; Jin%%, 2019; Kumary, 2014;
FFUK 5, 2014; BEMRE 4%, 2012; Eck %%, 2005).
R T v ] 5 0 05 ARV IR ' 2 R v B L 25 AR Ak
FEAE AR DG AI ST /0 DL ], nir 2245 (1997) X
XF e T BT L L R £ R o S A Angstrom I K F5 5L
(AE) fH, FURA T RRAR 0 S0 v 4
K, AEMHI/N, WEMEREEIE K, RZIRK.
Wang 55 (2020a) AKIHE G g 2y il i
2. SAR TR RN, EEEARKAPKIE
B 0 A W) ORGSR, T 4 H v
M EEVD B %, SRR RIE R AEE, M
AOD{HAEF, AEMHEAK. Chen%¥ (2009) M %
e Ak SO T 38 AR BHOG EE T 76 b [ 538 & b A i

DU 7 A= B 1% 0 LT ' ) T AR RO 2 e o
Kishcha %5 (2018) ] ] AERONET 1 MERRA 7
AOD {43 Hr 1 i [l 5 185 85 ¥ G 5t K A 322 775 4 5 1Y)
5. BRI, 5058 S A A0 5
AR A UR A, k= 28 50 19 b T 08 0 43~ A
Zuli iU TR P S e, HERL A B TR AOD 7 i TR
A A 20 TR 85 b DX S 1R 25

I, AT i E G755 AERONET S
i g SRR, R H S A EAT DX SR M EOULI £ Al
B P 324K 1 AERONET 81789 3 153 () S IO 2% =
B, BT AR ] R ) AOD -3 {E I 43 #r
AR, ST I BOGE S BURE,, AR
). XUGHUFN AOD 254 T I e A 43 A R R AR
FRARFAE ;. Hk Adb il (39.9768°N, 116.3813°E)
MEE e AT S 1, % 4y
B LA ICRRAE 1 22 S M 5 s AR Al o SR
WAL, RGBSR MODIS AOD Ji2 7
K B 52
2 RS ITE
2.1 HARXHER

BT (21°53'N—25"18'N, 120°08'E—122°01'E)
ERTHES—KE, BIR235873 km’, V4
1 30%, HAYE M LR B b o S A A AR
T LIRS, T R S By BRI, A L XS
5 IEORTE,  HLAR VG R b 0 XURR 2 285 K 30 1 ]
WHEE ILAE GRKBE, 2008). HEGE D H
S PHE ROE R S s Ak, TR T A .
FE3 MRS, AR, REAIE L2 R R
i 9 5 TED A s ), AELTRE R R S S o B, SR
il . 20, ZRNRLA, TR EEAFEEMN
H RSO SRR (B585E 4%, 2018).
2.2 AERONET i) i

AERONET J& 1 NASA (National Aeronautics and
Space Administration) 5 LOA-PHOTONS (CNRS)
e ] A 7 P 4 K R S RO P £, HE R
# 915 F CIMEL 23 ®] 42 7 ) CE-318 B B
Th, E IR B L IR A Lk TR S S SRR Bk
SR 5 PE (Holben 45, 1998), AT 4#{i
340, 380. 440. 500, 675. 870. 936, 1020,
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1640 nm Y% i . AERONET AOD 7= i 43 M 34>
FiE S L1LOGAR R AL = b A I b 558
L1S9ACE RN L2.0 AN = M A i
PRI (SmirnovZE, 2000). AOD WIS i K+
0.01 (Holben %, 2001), AT #% 48 2 Hu i HH o T
£ AOD BAIE A IEERME . AERONET i X 3 Al 42 Bk
SRS et S T N L9 )& G =K = W
il O B8 TIE RN PR . BRBE AR B kR A I 5T DL K S
HAEE PER B A, 4R AL TR IR . SRR
WOt . M R SR . HET, P E X
ELAT 50 24~ AERONET 3 250, 8 20 Aii 16 25 3 b
DX, AL M X e DX G S b X R
AEXTED (B — 5%, 2018).

HE SV B3 A T E AR 3 & 1 AERONET W
Mk, i T A RSHEIXEL, TR
ZFE, WEEMT . AKX B, il EW IR
5 B8 A [) DX 30 O 00 3 o5, %o 4 TR AIF 9 AN [] X3k
SR RA R B . ARSI T #H E 2020-

06-30 H [ 5 74 5 41 20 1> AERONET 35 55119 1.2.0 2%
SR, BCE AR AL S T DA A BH A S0 3k A
() AOD, LA B A K BH 35 4 69 W0 0 v oz i 1)
BORHEUET L (SSA) . KT . AE. B
TEHC. AXTRRIE TSI OGS L S
Sy vl e B i G R R AR =, AR Ak
WTHARKT1IT, EFXRHESNARILE
JAZ T 1) B 2 1) G e 2 XU e, Bk T LD
ALK R 0 6 Al (F 1), Hrffs By B 1l b X
() e AR (Lulin) 75 563, 78 ® M X 5% S 3k
(Chaiyi) 8P K2435 (Cheng—Kung Univ), 4§
VT PG L R M X (R4 SRl (Taipei_ CWB) A4
T HWE g K" A5 5 (EPA-NCU
(24.96753°N,121.18548°E) NCU_Taiwan(24.96766°N,
121.18751°E) ) #4770 #r, H rh EPA-NCU #
NCU_Taiwan P >3 sl B ATE [F]— M5, IS I
PO SRR HEAT A0 B R SCh el <ok
K22 W)

%1 AERONET i & Wi & #
Table 1 Observation data from AERONET site

FeAl iy [ALS I [ S [l FEA /4%
A H % L3 (Chaiyi) (23.49598°N, 120.49598°F ) 2013-09—2018-04 18107
FUN JEEAKH (Lulin) (23.46861°N,120.87361°E) 2006-03—2019-02 36004
IR 2FE (Cheng—kung_Univ) (22.99342°N, 120.20466°E ) 2002-02—2018-09 47471

K4 SR (Taipei_CWB) (25.01468°N,121.53837°E) 2002-03—2019-04 32699

i BB K" (NCU_Taiwan) (24.96766°N, 121.18751°E) 1998-04—2013-03 17526
B R 2%” (EPA-NCU) (24.96753°N,121.18548°E) 2004-12—2020-02 46145

23 D EWMMEHE

MODIS 1% J& %% 45 2% 7F Terra (Kaufman % ,
1998) F1 Aqua (Parkinson, 2003) I, T /EJE:
L T 0.553—14.235 wm L HEI N A A WG | JT20
SMRIZLANE 36 A Be (King 55, 1992), H AOD
i B A 35 Kaufman 28 (1997)  Fl Tanré 45
(1997) 435l H 35 FH e 25 e g 7 i DX I g 1
2S5BS AR DT (Dark Target) il b Al 2 550925
Hsu%F (2004, 2006) FFXobie, JrESE 5
T 32 IR W 37 DB (Deep Blue), LA KK DT Al
DB 5EvE YL s 45 8 B i R I EoiE 4 DTB
(The Combined DT and DB) 1 (Levy & 2013) .
HAW =& T TR, 42, €3, C4,
C5. C5.1. C6 K 201744 AR CO.1 7% b, Wei 55

(2019) 5t C6.1 77 A4S uli a5 DX IURT 42 35K [l
WAL Co F= i A T e mpyekdt, ERWHX HA
BDT. DTBECHEAE T = 1 B 0RS B S b AR 1, I
A3 DB AL (Hsu %%, 2013) Ap, Wb T
L BT5Y, ARG S B, Hik, AR5
ST A SR e T L 7 i i MODIS Aqua T3 C6.1
DB A= i

24 SEHIE
ARSI IR A0 R FH 56 Rl ] 3 35 ot 0

NCEP (National Centers for Environmental Prediction)
$2 AL 19 U7 M 1A uwind . vwind 1932 H 5755 B 5% R
(Kalnay 55, 1996), 7KF-73#F3 R 2.5"%x2.57, J
T AERONET 3 51 (14 22 243 J FIREAS LI I 1], 45
TS SRR BHE AT ICES, TR R E S
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U] XU 5 2R B9 B 24 v
2.5 HUIEAIERE

251 MESBREFEEHENRITE
TR AAF B 550 nm 19 AODA{H, i K
PHOEBE TS T4 4245 550 nm AR AOD . R T4
JE AOD_AERONET 5 AOD_MODIS %4 & [5] 38 i 1)
— HME R R B SE Z R AT LM, AR E 5 A TTK
PR /N 440 nm F1 870 nm % BEAY B,
Angstrdm 6 B 9 4 2K B 550nm Angstrﬁm e, ot
M=k 550 nm ) AOD (Angstrtjm, 1929; Eck £,
1999), AR AR A= (1), (2) Fim.
A7 TR B UL S SCH ) AOD {55 518 550 nm Ab 1Y

AODTH.,
In( 7-'440)
T
o = 870 (1)

In( 440)

870
440\

Tsso = 7870(870) (2)
o, g, Ml T, 4 W R U K 440 nm F 870 nm (4
AOD fH, o}y 440—870 nm ) Angstrom #5510, 7,
F N7 FAS 550 nm 19 AOD {H .

252 IDEHESHEHIFEITAE

MODIS 4 ml $2 g 35 ief 20 1) X sl P AOD L,
1M AERONET 243t (1) 2% 3L F 9. 057 110 o 25 UL D 45 4
PRI A T ORI T A 8 JER 50 5l 5 U0 T 55 40 1Y
Al HetE, ASHESE L AERONET 35 5 Wl , i E
25 kmx25 km #9723 6] 85 F 318 TR AOD 25 | ¥14
DT JC T 45k 855 5 %1 £30 min (19 i 55 AOD B[] 341 {8
(Ichoku %, 2002), #EATLAMEMIASHT, FIFHAHR
(R F¥JridieZE (RMSE) X TR S H
P AT B UETTAL
253 SERERSIE

TSRS B AOD YT 22 Rag ok, RE

N . AOD .
JEARR G IR B (AROT= i OD“’Z") 1E b ek
440

BOE B 0T, T AR i 28 AR G
(Chen %%, 2016). & THemrmmrss, < EIE
A3 2 18 08 VR %) S e T R TR ORI A 2
RI 5325 (UK 45, 2020; Chen%s, 2017, 2018,

2019; Mao %5, 2019) . P ILASHF5E & F Chen %5
(2016) JF&RIERETE A2 (E1), LA
VS IR A RRAE 10 25 52 ARG, X & A 0l A
() S5 L0 B A R AT o0 2, PR R A A R,
W5 v ] 5 7 2 sl a1 /00 5 215 R 1 B (1] B s [ A
FCRFIE . DLW S 3 25 7 il AOD Al AROT %
SR 6 AL Wi KRB, Wb kK
Biti o BRI Tl . A BRR B B R I . b g
RV I8 T v B I T WA BRI
FEFETIRRS, AROTE R (>0.81); Kl
SR AOD M /N, 28 A5 A X LA T
UK Bl A e 32 B 1 SRR A Sk ik ) 3 [
Wi, 35 e Ry P BT T AR AR A R )
BB . AL A P L B N SS90 B A A i 7 ) 35
PRSI s AW TR B B S IR £ 2k A TR
FFRGESE

B (AOD,,,=0.15, AROT=0.81)
o
=
0.8 Iy
o,
it K it 84
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3 00 S 0.39 <AROT <0.81)
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Fig. 1  The graphical aerosol classification method
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B IR I 174 (2002 4E—20184F) 1Y
B, Hoa SO KA 2355 d, AEEEE . K
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F Ul A RO KK SE 853 d (2013 4F—20184F ),
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Fig. 2 The AOD temporal variation characteristics at AKERONET sites
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Mk (0.1277) . K% R (0.6149)  “Hrde k2™
uhi (0.5549) . EARIMIE , mh K2zl fss ok 2
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KA B XLEZERE s Ay RS INAE 3 H R 9 H 435
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JAr S, 1—6 H AOD {H 2 B TH R i F A 1) 4
W, 6 HIRArtx R, mAa kK.

VB B AR 5 /N34, A5 8] AOD {H H AR
g (K2 (d)). 7% XolifaE T HAb 4~ uh 8,
HAOD H 2R fh e B RS Ak S48 e B i I g 2 5
T H AR K, K 1405 (0.7261),
/MBS 6 (0.4121), ARfLIE I8 0.314; Hk
HASfE RS DL 14 B R A, 6—14 1 S80S ek
Th I B g%, 14—17 BF RS2 R R, mi Hi4x 44
S AR AR IR B RN, HXTERE, (R fFE R
BRI, BBz AOD {8 M 6 i —7 i 75 4k
FIEK, VIBHARIH &R KE; 534034 ulh S22 1k
AHXIARE , (MRS AOD (B AE 16— 18 B I 5
HoAh 443k AR PR, B A 443k 25 AODH
TR, Tz R T

312 HSIERAFSHHFES T

A GRS 25 A 3l 1 1 24 S B 4 BT
¥ (3R2), KuliSEARRZEN DO SHEA KR
K2, PEEGESSA AV 5K AE Z=15F
PIERAR T 1.0, RIEDEGES0IERPLT
FIRLARBE/N, R 22 N R T e (4 B TR k0 e -
AN TR) Hiu DX F SSA 23 37 B Y MUk e 2 | ik
TR A SR L 5F Z R R g, AH R X T
AERRIE S5 BRI BE BRI B, it Rk
BRIzl L e RK2E” L KRR AR
ZNF SSAEIR A, B ST EEUR RN, Hh
SSA {8 43 5124 0.9843 . 0.9701. 0.9680, & 44
B RS> 5 49 0.0019, 0.0039., 0.0041, 1M 5 Xk
TERKEIT e K, SSA }0.9664, &5t BUE A
0.0036, AXFFR A 1 B K 23 Fl s ki fi 7ERK
FAH K, 435007483, 0.7573; “Hide kg
i, RZ R 2 FR K, 4356 07324
0.7425; FEMRuS O Fmil, HOARXFRE 7784 2=}
KB KIH A 0.6820.

AR BT 45 Al S0 BB E (83),
FELIYIRL TR 5 S i T PG &,
SRR R K, RUIRB R A KR
PRB/NORIREE . RSN 5 Y A Y T
R Al (37 e [ 5 V8 T e B L X, Y e R
AR, SRR THE, KRR
KE” whifr TriE S B gdeat, Hok k(a4
A —3

R2 SBERAFSHNFTENL

Table 2 Seasonal variations of aerosol optical parameters

1 A ' HFE KFE XF

WINRuE 0.9532 09843 0.9809  0.9622

s Sk 0.9544 09557 0.9664 0.9556
L/ -

R AT 09427 0 0.9701  0.9571  0.9397
U

e AR 0.9373 — — —
&Rk 0.9528  0.9680  0.9602  0.9386

RIS 00063 0.0019  0.0020  0.0044

Einl 7 Xk 0.0057  0.0059  0.0036  0.0054

¥ P R2ETEE S 0.0073 0 0.0039  0.0052  0.0076
GRS skl oons — — —

LRyl 0.0060  0.0041  0.0047  0.0082

I 2zl 1.3466  1.4773  1.2810 1.3003

) s Sy 13168 14114 12693 13056
Angtrom “rRoekeETEE 132330 13953 13141 1277
S L 5 Y . . . .
WKL
RE M 1.4667 13942 15231 1428
€ 50 13323  1.4048 1.3087 1.3216
IR 07312 07342 0.7483  0.7330
7 X 0.7399  0.7382  0.7573  0.7361
X R
“rfilR2E7uE 07246 07324 0.7288  0.7196
A
B 0.6789  0.6773  0.6590  0.6820

€ o0 0.7289  0.7425 0.7391  0.7261
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Fig. 3 Data of aerosol size distribution at each site
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For 25 T o8 h 5 1 B S R A A st
SAMEERIE, B4R, PEGE S SRS
AR BRI R SRR AR E. NG
15 30 B KRV A oy 2 BV AR R X, M L AZ E VD2
s, YD AR RS R b7 LN 1% JEERRS
(4 (¢)) DrFREIKX, mwEkd, HfFERE
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Study of aerosol optical properties based on the AERONET data
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Abstract: The study of atmospheric aerosols lays the foundation of global climate change, air quality, and public health research. Different
from those in the Chinese mainland, the special atmospheric circulation and local emission sources in Taiwan, china from its seagirt terrain
have led to the difference in aerosols’ characteristics. Lack of information on aerosol temporal and spatial characteristics might cause errors
in the retrieval of satellite acrosol parameters.

On the basis of the historical data of several representative Aerosol Robotic NETwork (AERONET) sites in Taiwan, this study explored
the temporal and spatial variation characteristics and differences of aerosol parameters and types of typical sites in Taiwan, China. First, the
change trend of aerosol optical parameters was analyzed. The observation sample points of AERONET were divided into six categories,
namely, maritime, continental, desert dust, sub-continental, urban industry, and biomass burning aerosols, using the graphical classification
method. The differences in aerosol types at different sites and the effects of wind direction and speed on Aerosol Optical Depth (AOD) and
aerosol types were explored, and they were comparing with the aerosol optical parameters of Beijing. Second, the MODIS data were
validated against the AERONET data.

The annual average of AOD at each station is decreasing annually, which suggests the highest seasonal variation in spring (0.5257) and
the diurnal variation of bimodal structure. The dominant aerosol type is urban industrial, and only Lulin station is maritime type. The
northeast wind prevails in Taiwan, China, and the AOD is lower and the maritime aerosol type occupies larger proportion when the wind
speed is higher. Conversely, urban industrial aerosols dominate. The average values of Angstrdm Exponent, Single Scattering Albedo,
Refractive Index-Imaginary Part, and Asymmetry Factor are 1.3283, 0.9564, 0.0054, and 0.7292, respectively. Compared with those in the
Beijing site (39.9768° N, 116.3813° E), the annual average of AOD, seasonal variation, and dominant aerosol types in the “Central
University” shows a dramatic difference. For the remote retrieval products, MODIS AOD has higher verification accuracy at different sites,
and only the Lulin site is slightly lower (R’=0.5925). As for the verification results of different aerosol types, urban industry (R°=0.7238),
biomass burning (R*=0.6161), and sub-continental (R*=0.5116) have higher accuracy, while maritime (R*=0.1585) and continental (R*=
0.1111) have significantly lower accuracy.

The types of aerosols in Taiwan, China show differences in temporal and spatial characteristics. The proportion of sub-continental types
in the southwest coastal sites increases in autumn and winter, while the continental types in the northwest coast increase. Refining the
characteristic changes of aerosol parameters plays an important role in guiding the aerosol satellite retrieval algorithm for island regions with
distinct features of circulation.
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