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Hh 36 K i XSS B R A3 TH DG TR FE 2538
R L3 ST, Bk 40, FLAMN S, GE T Dokt
Lo [ERFE B K ST ST R S TR S RS E 5K TS, BT 100029
2ep [E BB RS, dE5 100049
SEFRAR MG E T, Jh5t 100081
PN R KRR, =2 730000
SEEMIRZ2 L ERRL 2 S EOREERE, KB 450001
E URBIECIERE R RE W EHE R E, SRR B i 5 i
AR SRR B AR 2 5¢ 223 B BE W BE BRI AE B R AN 2 1 . 1988-2008
43 [E IMPROVE (the Interagency Monitoring of Protected Visual Environments )
R L B 0 D) 2 % DX 3k P B A A TRE ) (RCFMD IR FESE LA 1.4-19.4 pg m,
HHSBEERECH 10.0-172.5 Mm'. 2006-2018 4F H [F % 1 [X 2 A W0 i)
S AR PMas WRFEE DN 14.3-188.3 png m=>, o7 ) EE A4 T O R BN 52.6-
1044.0 Mm~'. & [EHLX PMos ik BE/K-F 5 3R E = XA 2, B #ho A IR
HICH B K TTEk s, 5 AT SIE 77%, HAIRZ A VA, HKATIE 50%, i
1R &R A AE BN SR I D ST O, B T 30%. 7EFRE, T AR
AR PRI 8 v T PO T, DRI 2 R 0 0 A 9 01t 22 St B AV PSR PR ) 22 e B I
Z: MIRERAA P R CH E Ry, ST 0N 21%-57%41 21%-
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Abstract Aerosol excintion is the main factor affecting atmospheric visibility. The
nonlinear relationship between aerosol concentration and scattering and absorption
characteristics leads to great uncertainty in the influence of aerosol on the visibility. The
concentrations of reconstructed fine mass (RCFM) ranged from 1.4 to 19.4 ug m= and
reconstructed aerosol extinction coefficients from 10.0 to 172.5 Mm' in the United
States from 1988 to 2008 from IMPROVE (the Interagency Monitoring of Protected
Visual Environments) network. The average fine particulate matter (PMazs)
concentrations in various regions of China ranged from 14.3 to 188.3 ug m= from 2006
to 2018, corresponding to reconstructed extinction coefficients of 52.6-1044.0 Mm'.
The PMa2 s concentration in the U.S. region was comparable to that of Sanya, China. In
most cases, sulfate was the largest contributing component to aerosol extinction,
accounting for up to 77%, followed by organic matter with a maximum of 50%, while
nitrate contributed more to aerosol extinction only in Southern California, exceeding
30%. The difference in extinction between the east and west was more significant than
the difference in aerosol concentration because of the higher relative humidity in the
east than in the west. In China, sulfate and organic matter were the main components
of extinction, accounting for 21%-57% and 21%-39%, respectively, and nitrate was the
main extinction component only in central China, exceeding 30%. The reconstructed
extinction coefficient had both low values of overestimation and high values of

underestimation (-60%-35%). The more severe the pollution, the more obvious the
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underestimation. Aerosol concentration and extinction level are significantly higher in
China than in the United States. IMPROVE equation has obvious uncertainties to
underestimate high extinction coefficient and to overestimate low extinction coefficient
in China. The uncertainty will have a negative impact on the accurate implementation
of air pollution prevention and blue-sky program. It is urgent and significant to carry
out the accurate accounting extinction of aerosol components and tracing the aerosol
sources, which will provide scientific program to control the aerosol sources for
improving atmospheric visibility in the various environmental climate regions.

Key words Aerosol, PM> s, chemical components, excintion coefficient, IMPROVE

equation, atmospheric visibility

1. 51§
KRG R R A B I T U 1 AR AR, 2 A ORI K 5 e e L
1) 7538 (Dzubay, et al., 1982, Shang, et al., 2017, Tao, et al., 2009, 7K%:%%, 2011).
B I FE 1) A E B2 T ORE DA TS T GRS AR VERT, 51
RAEWTTHBIX (Appel, et al., 1985, Chan, et al., 1999, Charlson, 1969, Elias, et al.,
2009, Lee and Sequeira, 2002, Singh and Dey, 2012, Su, et al., 1990, Tsai and Cheng,
1999), fAEWEHIL FS5HERE (be) ML, TTH Koschmieder 2K R:
VIS = K/boy: (1)
Horh K NH 0 3.912 (Koschmieder, 1924).
KA G R BT LT NI (bsp M bap) FVTAK (bsg M1 bag)  HIHLES A
W2 i -
bext = bsp + bsg + bap + by 2)
SRRV E T E B AR (N0 51, AT NO, R34
AR PO AR FH 2 e I S R O B T, AR A O o BRSO v
MR X ) 8 Mm! (~3.5km) E|#-FH ) 12 Mm' (IMPROVE, 2011, Malm,
etal., 1994). VA BN T B R AR (i, WU BN
(Blhn, BRERER. RYRRER. BRI BA A 4N BoR AL BUR D 512, 1K
TIPSO T O R (BB o Bk, A FRSE AR 415
SURR T 52 RT LAY e LB IS 08U E AT 12— 20 10 1, IR 94T Be DL SR (R 2
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HAT, TR IR 70 5 TH 62 0] 58 R 1 7R 3 29F =M, [l IMPROVE (the
Interagency Monitoring of Protected Visual Environments) J7F&. Mie BRI ok
PERNA 7 . Mie BART7 AR H AT T SE M) 7778, I BOREE . SRk 22 a0 1)
R A% oA DA R A 5 R RS 6 (L, etal., 2017). IMPROVE Jj Fi /2 3 T 56 [
IMPROVE & L W50 X 2545 2] ] (IMPROVE, 1993, 1996, 2000, 2006, 2011). %
JCLR M R T @ M & I e R (R R) S e MAEREdE (B8
BATHCE, 2T IMPROVE [ “Jah” HFESH T % . Mie BRI S HL
BOMEN B, 22 JCZR 1 IR YA 5 AR AR 75 B S W GO R ECFI SIS IR 4 7 o R
PRIt IMPROVE 75 B AE 4t SR 2 4 77 #RAG 2 1 T2 N, FFAE Sl AN B 2 '
RB B FI BEFHIAPE (Cao, et al., 2012, Deng, et al., 2016, IMPROVE,
1993, 1996, 2000, 2006, 2011, Izhar, et al., 2021, Li, et al., 2017, Liao, et al., 2020, Tao,
et al., 2014, Tian, et al., 2020, Tian, et al., 2015, Wang, et al., 2017, Xia, et al., 2017,
Xiao, et al., 2014, Xu, et al., 2016, Zhang, et al., 2021).

IMPROVE HiE AT 1994 4E4 T /K (Malm, et al., 1994), 8% 8% N )5 46
IMPROVE /72, BB SAEBIN (bog) N, HHFIEE (b)) NHEE (10 Mm-
D R BUR RN by AT bap) BT LUK 7S b 2 B RS 53 H 1) 53 P e LA L I
R ARAGE . Forh, FNRES  NRIR SR (€ NIREREL . (NH4)2S04,
AS) , THEZ £ (e AREERER , NHANOs, AND , L (T2l WLk, OC) ,
TLRBERRK (EC, HENE) , IS TIE G cmMEN, Fine Soil,
FS) ARSI (PMio 1 PMas 12, Coarse Mass, CM) . i Big £h AITAH R 25
JR B RCR ARG A K A 1, RAXHEE (RHD FeLUE & T 6 R8CR 1
# (ARH)) . JE4h IMPROVE J5 FE Al ik A
Dort = 3 f(RH) - [AS] + 3 f(RH) - [AN] + 4 - [OM] 4+ 10 - [EC] + 1 - [FS] + 0.6 -

[CM] + 10 (3)

Horr, R RAL N Mm, A2 S Bl EIRFE AN pg m”, T
BN mig !, ARH) B R B AAH IR B (1R 3G K R . B R 41tk
YR &I E (Reconstructed Fine Mass, RCFM) R] R/~ N:

RCFM = [AS] + [AN] + [EC] + [OM] + [FS] (4)
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1T 548 IMPROVE J5 FEAEARAR IR 100 T v 550 014 485 SR Z2 35K, 0 ) M1 A B
EH G E I E A BRI L/ (Cheng, et al., 2014, IMPROVE, 2006, Pitchford, et al.,
2007). Pitchford 55 N7E 2007 4EJF K T —MEIESL (Pitchford, et al., 2007). X
J5i4 IMPROVE J7 FBEAT 1 A BB, GG BN 1 ifg 8 R AL T NO,
VP 1) NO2 YIRS It K i e B ML &5 OC B L A 1.4 B ECH 1.8;
AR M 03l PR A R 25 TR A P AR i (R 3 R S+ A8 P 5 KR AR /N R AR A
A LI BRIR 2h  AEIR SRR ML TR R, FEE T T BR SRR R
ERAKIKE T o SR RE TR R:

AS=1.375-[S04*] ()
AN=1.29-[NOs] (6)
OM=1.4-[0C] (7)
¥tk SS=[CI'] + 1.47-[Na’] (8)

FS=2.2-[Al] +2.49-[Si] + 1.63-[Ca] + 2.42-[Fe] + 1.94-[Ti] 9)

CM=[PM0]- [PMas] (10)
UEH}, RCFM BN b S ik g, AP
RCFM = [AS] + [AN] + [EC] + [OM] + [FS] + [SS] (11)

Hep, R RBEIRE, AS, AN F1 OM BRIk K. /N
PP, 23— iRk BT 20 png m2 B, DONBRIZ oy A3 N KRR
s A HIREART 20 pgm?, RRARBEAIRE N IZBMIRZ R 75 20 pgme
SHILCAE, ANVRLAR A MR B R SRR B KRR S IRE . BT R
IMPROVE J5 2 f S 6 R T LR R
byt = 2.2 fs(RH) - [Small AS] + 4.8 - f,(RH) - [Large AS] + 2.4+ f¢(RH) -

[Small AN] + 5.1+ f,(RH) - [Large AN] + 2.8 - [Small OM] + 6.1 -
[Large OM] + 10 - [EC] + 1-[FS]+ 1.7 - fsc(RH) - [SS] + 0.6 - [CM] +
Rayleigh Scattering(Site Specific) + 0.33 - [NO,] (12)

Horr, S RBEAA Mm-S A2 R BRI E BALN pg m”, 5
BEIHERCERBRALN mPg!, f(RH)A f(RH)Z 5 A /N AZ R KR A A% 285 R Bt R
HVRHE R B BRI IE K R, fas(RH) il 31 R K R 2

HIETTREAHEE, fEPNRARBESTS, TYIRHECRCER /N T AT REE, e R
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RARBS N, FYIBECRCR K T IR T R, X832 IE 1 )7 F2 L5 R 75 R e
VR PE B I R DAF LT, A8 1E 5 10 75 R0/ 7 e 5 0 1 AR 0000 8K 58 0 1 v T
XA 5 [ 2R P8 ) 55 5 M ol i 2R AT e JY WA R (Pitchford, etal., 2007). ZRTMIZ IE
Ji AR Ak AN E R G T AR T

[Ff, WARZ Y&/ IMPROVE J7 2 (1 2EA Xk 77 Rk AT el A B A%
TR A E M. 1BIER IMPROVE J5HE, BEEVIRIREMIFEA, 703
G B R BOR AL 2 (1 R RO B A B NS . TN RS I T
B R AN T ORI 20, DRI P B E 1 RS A% AT B 20 v B K
PR AEAR BN O 1 SE A bl SO B R S IR o B AR, A SR A IR
R — PSRRI FIE T, BTE T . R A VLA an ] 4y
RNRARFRRAR RS . FE4r B AR R 2 Bl A FH 2K 20 pug m T2
Br i ANk s AR AP R R 1 TR o X 2T R DR BT K SR R A
Al RE LA A . AR T R IX 30y, BT by, RIUREHK
FREEAL, AR T 7, 7 B SR T Z AT Z5 5 (Prenni, et al.,
2019),

AT AH AT 0K W0 B (1) S FRORLAR 3 ARV E i N s, Jd i B A A 3 Ak
2%, R T RERS T RO RO IR RIS R TR S, ST
B E 7K B K B 8 ARH); (Valentini, et al., 2018). BRI 4b, @& HF TR HE
ISORROPIA TI # 7 % Pl AL A Mie BRISHETRY, JETRiFE 4 B 1k 2 i ook 3t
ATEE
2. IMPROVE 75 2AEA Rl X i) 52

a) SR e H Ak X FORL YR BE R 20 53-8 A 5T

F£T IMPROVE W 2% (LI, FRATXS 1988-2008 4F 3 [ %3 [X I
(R B K- LA R /K47 TR FE (A HdlR 4R IE T IMPROVE i)
(IMPROVE, 1993, 1996, 2000, 2006, 2011). £ 1988.3-1991.2, IMPROVE R4 %% i
HUT 36 /Nl iR AR R 36 [ b2 e WL RIS IR B A AT % 5 S ELAR A8 DX 4slAH 24
P, KH N 19 AN XK. 7F 1992.3-1995.2, A A W D 1 FE H AR 43
A, BN 21 ANX I 1 1996.3-1999.2, IH I 49 AN ok HEAT 25 Al 34
ST, FERRIG N 21 X, 1E 2000-2004 45, WA R E R 110 4. 1E



174 2005-2008 £, IMPROVE MZALE T 168 Muli sl EBAIIMGTEL, W6 REL
175 FISERGHR AR T 40 E 385 IMPROVE 7 FER 52 M o 7 38N 7T A B
176 N, HI NO2 SR TARI REBLZE AT 72 1988-2004 MM B A, i Al HY
177 S RBAR B H B 10 Mm-!, £ 2005-2008 T Ay %3t s 45 52 10 Bt 1) B
178 fE 1988-1999 fEI I BN, LI AH Bl A [ — ki, Wt d, Kk
179 fEVFEWCRBUY, WEBE IR RO, BRibz 4, BRT 2005-2008 4
180 MBI H B RN ER AR, oA B 2 T Hsgm . £ 1 Ron 1 &0 R B
181 JUFT A IMPROVE J5 12 LA K i S 7 1R 2% (IMPROVE, 1993, 1996,

182 2000, 2006, 2011).

R 1 AFKY IMPROVE RS HU . CRIET IMPROVE #75)
Table 1 Comparisons of parameters of IMPROVE equation over different periods (from
IMPROVE reports)

i ] 1988.3-1991.2 1992.3-1995.2 1996.3-1999.2  2000-2004  2005-2008
1.37[SO4>7 or

AS 4.125[S] 4.125[S] 4.125[S]  1.375[S04*]
4.125[S]
AN 129[NOs] 129[NOs;] 129[NOs] 1.29[NOs]  1.29[NO;]
% OM  (1/foc)[OC]*  1.4[0C] 1.4[0C] 1.8[0C] 1.8[OC]
£ LAC  [EC] [EC] [EC] [EC] [EC]
ﬁ SS / / / / 1.8[CI]
%é FS 2.20[Al]+2.49[Si] +1.63[Ca]+2.42[Fe]+1.94[Ti]
¥ M [PM9]-[PM2.5]
e [ASH[AN]H
RCFM [AS]+[AN]+[OM+[LACI+[FS] OMJ+[LAC]+
FS]+[SS]
AS 3f(RH) 3f(RH) 3f1(RH) 3f1(RH) 3f(RH)
@ AN 3f{(RH) 3f{(RH) 3f{(RH) 3f7(RH) 3f7(RH)
z OM 3[1+/(RH)]/2 4 4 4 4
g LAC 10 bavs” 10 10 10
E SS / / / / 1.7fss(RH)
E@ FS / / / 1 1
CM 0.6 0.6 0.6 0.6 0.6
i M IR 10 10 10 10 site-specific
“ foc INAE N 0.71

b: baps 7 EL#Z R (the Laser Integrating Plate Method, LIPM) 4347532
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RCFM(ug m™)

}'».\ ﬁ, @ Protocol Sites
@ IMPROVE Sites

a
O HAGRY

Aerosol Extinction(Mm™)
=
=3

1988-1991 1992-1995 1996-1999 2000-2004 2005-2008
Year

K1 (a) IMPROVE MZ%ufi sl /A LUK (o) AU i A 4R < B o Sk
(RCFM) AV T G R B AR, i BUs 9 % X 25{E (1] 1a
KIET http://vista.cira.colostate.edu/Improve/improve-program [2023-07-07])
Fig. 1 (a) Distribution of IMPROVE network sites and (b) temporal variation of
aerosol reconstructed fine mass (RCFM) and aerosol extinction coefficients, where
the scatter is the mean value for each region (Fig.1(a) is derived from
http://vista.cira.colostate.edu/Improve/improve-program [2023-07-07])
el 1 AT 2 s, 1988-1991 4F, 1992-1995 4F, 1996-1999 4F, 2000~
2004 4FF1 2005-2008 435 [E - [X 33 1) F A ARRA(RCEMYI FETG L 43 531 4 2.0~
162 pgm=>, 1.9-19.4ugm=>, 1.4-14.5 ugm=>, 2.0-14.6 pgm=>F11.8-18.2 ug m-
3y XN EMAHBURY) (PMio) WEESTIIN 6.2-32.6 pgm>, 4.2-26.8 ugm,
4.4-23.0 ugm>, 4.3-34.8 ugm> f14.0-38.0 uygm>. o, 4IRS E A5
AN AN IR BE By o BRIV E L IAE ARSI T PU T CRAM, B R 2 = 5D
ABTRLETIN . — MR, 4B b ot 7 B KRR BB sh AL, AR
#h R TER NN TR 25%, BT 50%. ERHS, AR HK
I iRk, 2915 28-66%, MR THEPIILE AN, 2015 34%-
69%. X GHIBLALE DL NJiE s A AR KM . LR IR E5 I BEAR i R AR A AT 7
FA#B, AR KRR B A A B ARG IR, SO HEBCH FE AR B
B R+ R FE AT AR R e T AR AL A, 2 R P B A LRI
FE B ARG AN AF DX, BT 2L 8 42 A0 Tl R AL ik
R, AR R AR S S Ml B vy o B T RN, R R R AN A AL e B 5 [ 3
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224

DX A FR R P o 2 2 R A AL B A

FAXF RIS, 1988-1991 4F, 1992-1995 4F, 1996-1999 4, 2000-2004 4= F
2005-2008 4 I IR E AV L R E5 AN 13.5-154.2 Mm™!, 13.3-172.5 Mm-
', 10.0-110.4 Mm™', 12.2-102.9 Mm' 1 12.5-127.4 Mm™'. EMFE L RECE
WA TSI R, 75 56 B ZR SR R M (4 e R AR, T ARk 7
AR R iR G N o RN B T AR BRI AE R . CLARIRR EE . IR ER A
LB ) F T o8, DR 2R 0 A0 7 B v ' 2 5 8 L R VA B
2 e . AR IR TG EE TR, DTk 1 4 64%-98%. KZHIEN
N, BER E R G ROR DTER B B T AR, 200 27%-77%, HIKEA L
Y, 295 26%-48%, BBKIET ZE/NTTBRSY, HEAEE 15%A 4. HR
h R AE R M HE X R B KTE G TTHREL S, 2005 32%-45%, TEHA K ZHUhIX,
HHLBIAR] 10%. TRER #h VE GO IR AR B, A WL TG 1L 58 [E AR5
RSP R . SEMINEE 80 WE SRR A ESRE R
8, UG E NI o KD RV D' SR BN HE A VR D' RBOHEAT HUIBOR I, AESEE
AREBEX IR RIF— 80 CEMRBUSM DT 10%) , HAhXEERH LR
BAMEAE 20%, (HBA 5 SR T 50% (IMPROVE, 1993). i ff 5 K AT G A H
TANTE A A BB R RV B AT S i OGO 2GR, B R DR R O R A
AR R AME, M EM TG A A b RN, BRI R bas HH
BT i8I EC SR B H A H BRSO THE B B HE R AR IR A BV O (IMPROVE,
1996).
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Fig. 2 Variation of particulate matter concentration, aerosol extinction coefficient, and
its components in a typical region

AT E R AR IS R DX S 20 53 72 e, AT 5 1R AR R B e B2 1 Ly
Jik RSP G 0 B ] D B 5 [ 1 50 1) K 2 M PR RORE AR T 67K A
J AR5y 5 LRSS RAT T B A, G 2 A 3 R B TRARLE FORE, =A
DX AU R O R B AR E AT IR B, (0 =AMl T O R B
1992-1995 = I — Ao BT WA 32 1 Bk P 28 4 JOORE A0k FE AR AR G T g 13,1
17.1 pgm=>, XM FISIERTE N R BEEEN 74.4-118.0 MmN AR o Hb
o N BRI R A0k B2 I o' R 8003 3N 12.2-20.2 pg m=> F1 6.0-8.2 pg m=>, 32.8—
59.8 Mm ' F1 12.2-17.9 Mm-'o Frr,  Rafpy 32 (LSRR e im0 RIORE 40 % B2 7K ¥ AH
2 CEME SN 149 pgm> F1 155 pgm=>) , BEST KA (7.1 pgme
3 o XM REORUL, BTiER R ks CPIMEN 93.3 Mm D), IR



239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

RN (45.8 Mm™D) , KZHURAL (13.8 Mm™) , FEIIN R 'E R B
W7 321 K EY) 50% . R PR AS [ b X 2 [ 9 D' 22 S AR BRI IR FE TR, #H
S AT AL, AEK R FEE DL R B 2 S5 Y AR FE 0 S s S AR B SR

Xt A RO (0 AL RS A AT 3T R B, AN R KR e R AL, BT
WAL 32 LK P e K AL R o 0 R B R B, R PETE 5.2-6.7 pgm™ 2], T REL
Ja /& 50.1-80.7 Mm!, (5 L4 54-64%F1 69-80%, FHUKZH WA, WE
YO 2 2.3-3.2 ug m>, XMW RECN 9.4-16.7 Mm ' o B INMI U LARK IR £54
¥, WREERITE O REGEE BN 1.4-4.2 ng m= Al 8.9-23.8 Mm!, KR (5 EL
N 25-43%AM 31-52%, 55 KA R EHY . KB R4 By
MEE N, WREAKFAE 1.1-1.4 pg m=, JHHCRBOKTLE 4.2-5.5 Mm!, 5Lt
G909 39-44%F1 39-49% . M P-IINEBLRAE Bl 32 1L ik i 4 URL 09K 2
10.5 ugm=>, XTI E RECH 90.4 Mm-', FAERER EL U B (5 Ly 58%, Xt
LT G R BOE LE A 72%, BHWIRIIREE SN 27%, HOGREL N 14%.
RN PR BE K 7.7 pg m, TEERECN 40.5 Mm-!, AHER ER (VR 52 5
N 35%, TEOGRELE R 41%, HUCHANUFIREREE, WAL & Lokl
29%F1 20%, 56t EL 3 A 22%F1 25%.. KA b T 240 55 RO Ol R 300 5l
2.9 pugm> F110.8 Mm', G WA EE b5 LLARE G R 505 E 2 5o 41% A0
44%, BRI 559 21%F0 31%. BRBREh AAHER £5 B T 2508, HOH
o P TR EE TG, AT, AR XA P St 25 o L i) B Dy
Bo HIR, BIATTRERBIREEA TARMCKT, (E AR E I 6/ E A I e ot
TR 3 S 384
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BRI HIX PMas 1 S FESE L 14.3-103.3 pg m=, (b5AE 6 REGE RN
52.5-797 Mo J PN BRI EEAT O AR MOV A, = Lo R IR [ MIHX
L by 552N PM 2 [AAFAEAR SR AH DG, BFEE 3 1.0 (Li, et al., 2017, Xia, et
al., 2017). ERURAIHE G R B ECE BRI AXHEEE (<70%) &, ERE AT S
ARG —3%, Ji4h IMPROVE J7 2 5 I )6 R B #EE T S8ME, 29
H 90%; [FIN A H L] IMPROVE SALRAFAE 35% /247 mflilfB oL, I
RE A FH T 7K TR A MSE B8 ARH) & i (Jung, et al., 2009, Tao, et al., 2012, Tao,
et al., 2020). =X E T bscardry babs bextary 5 IMPROVE By M4 (I AH <
PR (R?=0.70-0.81) , Z& 1% [/ R340 48— (0.89-1.27) (Tian, et al., 2020).
=G, AR SER XV G E TTER B 2 9 (NH4)2SO04 £ OM, - 73931 5 EE
21%-48%F1 21%-39% (Lan, et al., 2018).

ML PMos [P EUK BEVE EEL l 47.6-148.7 pg m=, “THML2AW s R ECh
267.7-778.2 Mm', AT 't 2 K5 B T O6 R B0 T BT B AR R
o, X EAAE S N EE R RPRIBEE 1.0 (Deng, etal., 2016). 145 bey 7E
P UM L X W A AE ARG AP Al B R, 4G IMPROVE J5 F& ) A (AL R
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HAmIE 16%-30%, £ LT 36%; BI1ER) IMPROVE J5 1 B 5L I 22 9-
20%-18%, {E_L¥gNIEAY 3%; FFHAE™EG Y, Rz 23K (Chen, et al.,
2020, Cheng, et al., 2014, Yu, et al., 2016, Zhou, et al., 2016). ZELLI ] IMPROVE J5
FEEMEBARAS, BIAKIEN 0.86 (Zhao, et al., 2017), THLEATM MM E 1 25%
(Wang, et al., 2016). OM FI(NH4),SO4 X FiH Y6 mimk ik, Hep, 7EZR,
(NH4)2S04 /& B KK Tk, ik T 50%, 76 _EiE, (NHs)2S04 F1 NHsNO; (5 ELAH
W, 2104 30%, FEVFES, (NHi)SO4 F1 OM (5 ELAH, 20 200N 32%-44%, 1E)F
1, BUNAIFGH, (NH4)2804 A1 OM #5E T EHIVE G o1k ¥, {5 NHaNO;3 Y 5 B
Wit T 20% (Yang, et al., 2012).

terp X H AT R A EBCE AT, H PMas A1 PMo (19135 5T 209 2 43 5l
4 59.9424.3 pg m= 1 90.0+35.8 pg m=, JHE RATG YR A PMas IR E 2 T 2]
— 5L . FEA PMas 5 S2IE A S B2 (R?=0.91, /1% K 0.86) , RIAE
I PMas ALK PMas ) 86% IIEE 1) ey FIEE AL e, B EAT AR LT HIAH G
Mo EIFTE KA YR, BIEM IMPROVE 5% E M) bex 2054 319 Mm! 1
626 Mm'o TEVEVE R, W bew EEAN bex W7 (7%) , TEITYR, HALM
bext i T 32%. TEIGTE R NHaNO3 72 bew HIIR K TTHRE , N 30.6%, HiKiE OM
AI(NH4)2S04, Z14 20%. BEZE PMas 1931, NHaNOs Fl(NH4)2SO4 [ 5T ik R 1
I, RN T 15%A1 5%, 1 OM FE{EE] T 14% (Liao, et al., 2020).

JE R HL X R 4E Y PMos TS BN 67.0-119.2 pg m=, )6 RECESNEE N
447.3-487.5 Mm" o B HH X T 5 by RN EE N byp 2 [HAFAEAR SR IF IEAH 9C(>0.95)
B RBOHEL, {8 BT B9 IMPROVE J5 AR5 1 byca W& WG AR 101H 4}
N 1.09, 1A R4S IMPROVE J5 B A5 TH I byea W RARAY, #1205 0.64 (Wang,
etal.,2017)o X4 (RH<40%) FHRIE (40%<RH<90%) K115 FFdEAT 73t
FHR AR Z ST RNE TR R I, AGE be AN EEAH IR IF, R? 44
KTF 0.92, FEIELHIAIELE 0.96 F] 1.00 Z[0); Ml TAR bew Bl T 2£9%,
ERSE bex K45 T 1£10% (Tao, et al., 2014). EEAFIE PRI, bow [H1 5K TT
BRI N(NH4)2S04, N 32%-46%, FHUZ NHANO; (R, 28%) 1 OM (R,
27%) .

FEAbH X PMa s Z PR EEVE D 123.4-203.4 pgm>, @it IMPROVE 5



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

FEE A e REEEFT PRV ELA 128.6-1441.1 Mm' o R bev AETE 6 22 LKL
M bex I 15% (Cao, et al., 2012), fELZEARFL Koschmieder A RAEMKZL) 29%
(Zhang, et al., 2021), 7EF M|t Koschmieder 2 RH H 9% (Xiao, et al., 2014),
B F AL (RO I 2 ) 0 B R AP AR OGHE . o, #E7E%2, (NH4)2SO4 2V
[R5 — TRk 7 (40%) , OM IR (24%) , TEFEXY, OM FI(NH4)2SO4 M Tk
FI24(~30%), 7F 5 AKFF(NHs)2SO04 A1 NHNO; (TR T —2F, JF H 5%k
PR S R — 3K

HedbH X PMos SPEJURE A 9.5-188.3 ug m=>, FE bew 7 321-1044 Mm-',
FEAE I, RHE 12 1E IMPROVE J5 #2453 H 1 byea 5 M MMEAR R IEIR I (R?>0.96),
A PR B R B A A 2% (Tian, etal., 2015). EJEGURBX IR, & I1E IMPROVE
7 R I EE AL O R B AT R I SR ) PML 6 BB 2 IR RGP IRAE DG, &
PR BE R T B . AR O REURT 300 Mm-' I, EEAG (B IS T b
fICfh, MEE A 1.04 5. ISR R BT 300 Mm' I, IMPROVE
5 FE 0 B R B EE B AR 16% (Xu, etal., 2016). FKEZETT, fEIL U RIRIEIRX,
AU REAEIME (<1500 Mm-") 7353 =l 3%A0 34%, fEsifE (21500 Mm™") i
fiti 19%H1 10% . £E47 ZXFEASFEHLIX, B RECAE 1 SEBRIFEH 60%F1 38%,
i ELy5 ets™ i, RIS (Liu, et al., 2019). A5 M X F1) =549 15 6 (8 I B
FH 2 37% (Guo, et al., 2021). 7E75 4L ELEG™ I HIX, B R
FAEMRAE = A AN S (AR 15 L, IF BARASE DL LA 2. FE U HIX, OM
RGN R FEETTIRE (34%-52%) , HUE(NH,)2S04 Al NHsNOs
(~20%) , TIAEE RS Y MAR R R S B DL T, (NHa)2SO4 FT NHANOs 1) (5
Eb3gn, @it 7 50%, OM P& (25%-30%) (Ma, etal., 2020, Wang, et al., 2015).
FEYAE, OM BHE 5 EEIN (~60%) , (NH4)2SO4 A1 NH4NOs 1] 5 ELAE T 30%.
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Fig. 5 Deviation between reconstructed extinction coefficients and measured
coefficients at each site(Site: Beijing(BJ), Tianjin(TJ), Shijiazhuang(SJZ),
Xinglong(XL), Taiyuan(TY), Jinan(JN), Mount Tai(MT), Xian(XA), Baoji(BA),
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2 b, AR R 6 1 i A TR 7E N HESO™ B A AL AN Z Vb AN R
FIEdbHX, =X HAR (B 5) o (NH4)2SO4 Al OM /2 HE A4H e R AL 32 2
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I R*=0.953, Rt 3 )y 0.925, B HIRTRLIH R EEE AN, (Lan, etal., 2018).
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