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(Ln(AQI)it − ¯Ln(AQI)it)
2, ~S�

SSE =

n∑
i=1

( ˆLn(AQI)it − ¯Ln(AQI)it)
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K<?8EA:?=V8 HN;@?H8G=Gd :? <8:G? @A8 @B ?H8 >@8w>=8A? =G A@? 8MD:< ?@ o8E@R 9H8E8 n

=G ?H8 @kG8EV:?=@A ADCk8E� k =G ?H8 ADCk8E @B ?H8 ;:E:C8?8EG# -A ?H=G ?8G?R 98 I8lA8 ?H8
G=FA=l>:A>8 <8V8< α :G 8MD:< ?@ 3#3/# -B ?H8 f J?8G? V:<D8 =G C@E8 ?H:A ?H8 ftab V:<D8R ?H8A
?H8 C@I8< =G G=FA=l>:A?# g<G8R >@EE8G;@AI=AF ?@ ?H8 pJV:<D8 ~f J?8G?� k8=AF <8GG ?H:A 3#3/R
98 >:A :<G@ >@A><DI8 ?H:? ?H8 C@I8< =G G=FA=l>:A?d

F =
R2

1−R2

n− k − 1

k
.

���� 3/,() / /�/)1/� 7D<< HN;@?H8G=Gd β1,t = 0R β2,t = 0R###R β10,t = 0 ~>@8w>=8A? =G
A@? G=FA=l>:A?�#

K<?8EA:?=V8 HN;@?H8G=Gd β1,t = 0R β2,t = 0R###R β10,t = 0#
iH8 G=FA=l>:A>8 <8V8< =G :<G@ I8lA8I :G α = 0.05# -B ?H8 T?DI8A?�G tJ?8G? V:<D8 =G C@E8

?H:A ?H8 ttab V:<D8R ?H8A ?H8 >@8w>=8A? =G G=FA=l>:A?# g<G8R >@EE8G;@AI=AF ?@ ?H8 pJV:<D8
~tJ?8G?� k8=AF <8GG ?H:A 3#3/R 98 >@A><DI8 ?H:? ?H8 >@8w>=8A? =G G=FA=l>:A?#

/61 � %��&� �
"�
� 
!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1



��4� 5)1.(,-*  '67-*./0 /)1/� 7D<< HN;@?H8G=Gd :<< @B E8G=ID:<G 9=?H A@EC:<=?N#
K<?8EA:?=V8 HN;@?H8G=Gd ?H8 E8G=ID:<G :E8 A@? A@EC:< I=G?E=kD?=@A#
iH8 A@EC:<=?N >:A k8 >H8>y8I kN DG=AF G8V8E:< ?8G?G kN �@<C@F@E@VYTC=EA@V ~=B ?H8

G:C;<8 G=o8 =G C@E8 ?H:A /3�R TH:;=E@Yx=<y ~=B ?H8 G:C;<8 G=o8 =G <8GG ?H:A /3� :AI ?H8
KAI8EG@AY`:E<=AF ?8G?# T=A>8 ?H8 G:C;<8 G=o8 =A ?H=G E8G8:E>H =G n � %6 <8GG ?H:A /3R 98
>H@@G8 ?H8 TH:;=E@Yx=<y ?8G?# iH8 G=FA=l>:A? <8V8< 98 I8lA8 α � 3#3/# xH8A ?H8 pJV:<D8
=G C@E8 ?H:A 3#3/R 98 E8n8>? ?H8 :<?8EA:?=V8 HN;@?H8G=GR :AI ?H8 E8G=ID:< =G ?H8 A@EC:<
I=G?E=kD?=@A#

��8� 5)1.(,-* -,/'9'66)*-/.' /)1/� KD?@>@EE8<:?=@A C8:AG ?H:? ?H8 E8G=ID:<G G:J
?=GBN ?H8 8MD:?=@A
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=G ?H8 =A?8E>8;?#

7D<< HN;@?H8G=Gd ρ = 0 ~:D?@>@EE8<:?=@A =G o8E@�#
K<?8EA:?=V8 HN;@?H8G=Gd ρ �= 0 ~:D?@>@EE8<:?=@A =G A@? o8E@�#
Ê@C H8E8

`Yx =

∑
(δi,t − δi−1,t)

2∑
δ2i,t

.

-A @DE C@I8<R 98 DG8 ?H8 `Yx ~`DEk=AYx:?G@A� G?:?=G?=> ?8G? ?@ >H8>y E8G=ID:<G :DJ
?@>@EE8<:?=@A =G o8E@ @E A@?# -B ?H8 pJV:<D8 =G C@E8 ?H:A 3#3/R 98 >@D<I :>>8;? ?H8 AD<<
HN;@?H8G=GR ?H8 :D?@>@EE8<:?=@A @B ?H8 E8G=ID:<G =G o8E@#

��:� ;-/-� T=U ;@<<D?:A? GD>H :G q3R LqR Tq2R eh2.5R 7q2 :AI eh10R ?8C;8E:?DE8R
HDC=I=?NR <=FH? :AI ;E8>=;=?:?=@A B@E %6 ;E@V=A>=:< >:;=?:<G >=?=8G BE@C ?H8 LH=A: T?:?=G?=>:<
�8:Ek@@y# K_- ;8E N8:E I:?: >:<>D<:?8I kN K_-J>:<>D<:?@E :? ?H8 ;<:?B@EC 98kG=?8 kN ?H8
:D?H@EG#

�� +J4-9 aFB# iH=G K_- 9:G lEG? ;E@;@G8I kN ?H8 h=A=G?EN @B gAV=E@AC8A? @B ?H8
e8@;<8�G ]8;Dk<=> @B LH=A: :AI DG8I ?@ C8:GDE8 ?H8 I8FE88 @B :=E ;@<<D?=@A# �@V8EAC8A?
:F8A>=8G DG8 :A K_- ?@ >@CCDA=>:?8 H@9 ;@<<D?8I ?H8 :=E >DEE8A?<N =G :AI H@9 ;@<<D?8I
=? =G B@E8>:G? ?@ k8>@C8# eDk<=> H8:<?H E=GyG =A>E8:G8 :G ?H8 K_- E=G8G# iH8 K_- =G :
I=C8AG=@A<8GG =AI8U ?H:? MD:A?=?:?=V8<N I8G>E=k8G ?H8 >@AI=?=@A @B :=E MD:<=?N# @̂E 8U:C;<8R
:G GH@9A =A ^=FDE8 6R %6 >:;=?:< >=?=8G K_- G=?D:?=@A :? S36cR ?H8 I=p8E8A? >@<@DEG E8;E8G8A?
I=p8E8A? :=E MD:<=?N <8V8<G Y ?H8 I:Ey8E ?H8 >@<@DER ?H8 C@E8 G8E=@DG ?H8 :=E ;@<<D?=@A# KG
98 G88R C@G? >=?=8G� :=E MD:<=?N <8V8< k8<@AFG ?@ F@@I :AI <=FH? ;@<<D?=@A#

���� <=> 9-*9,*-/.' # iH8 ;E=C:EN ;@<<D?:A?G =AV@<V8I =A ?H8 :=E MD:<=?N 8V:<D:?=@A
98E8 lA8 ;:E?=><8GR =AH:<:k<8 ;:E?=>D<:?8 C:??8ER A=?E@F8A I=@U=I8R @o@A8R GD<BDE I=@U=I8 :AI
>:Ek@A C@A@U=I8# LH=A:� K_- =G >:<>D<:?8I kN k8<@9d

AQI = max {IAQI1, IAQI2, IAQI3, ..., IAQIn} ,

9H8E8 K_- =G :=E MD:<=?N =AI8U� IAQIn =G =AI=V=ID:< :=E MD:<=?N =AI8U� N =G ;@<<D?=@A
;E@n8>?R 9H=>H =G BE@C @A8 ?@ G=U# @̂E 8U;<=>=?<NR 6 =G GD<BDE I=@U=I8R S =G A=?E@F8A I=@U=I8R %
=G =AH:<:k<8 ;:E?=>D<:?8 C:??8E PM10R $ =G >:Ek@A C@A@U=I8R / =G qo@A8R O =G lA8 ;:E?=><8G
PM2.5#

���� ><=> 9-*9,*-/.' � -A B@ECD<:

IAQIn =
IAQIhi

− IAQIlo
BPhi −BPlo

(Cn −BPlo) + IAQIlo ,
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!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1 /6c



d!&��� R� 
� VR382RO V828P4 Nr[ 482=R287S R2 	,��
W e bO>y>J@m [ e w>MJy>Jm { e `6>y>Mg6CMJ@m ^ e wM>PCMJm z e n=66=7m r e `6OJPMJ@m x e S6MJ@46CJm
y e nM?B>Jm w e `6MJ@6M>m WX e ZMJy>J@m WW e nMJ@g6=Cm W[ e nOLO>m W{ e qCg6=Cm W^ e ZMJ46MJ@m

Wz e ]>JMJm Wr e r6OJ@g6=Cm Wx e fC6MJm Wy e S6MJ@96Mm Ww e dCMJ@g6=Cm [X e ZMJJ>J@m
[W e nM>h=Cm [[ e S6=J@i>J@m [{ e S6OJ@<Cm [^ e dC>PMJ@m [z e {CJQ>J@m [r e c6M9Mm

[x e �>|MJm [y e cMJg6=Cm [w e �>J>J@m {X e x>J46CMJm {W e l?CQi>�

IAQIn =G ?H8 TDk K_- @B ;@<<D?:A? ;E@n8>? nR n E8;E8G8A? ;@<<D?:A? =?8C� Cn =G ?H8 C:GG
>@A>8A?E:?=@A V:<D8 @B ?H8 ;@<<D?:A? =?8C n� BPhi =G ?H8 H=FH V:<D8 @B ?H8 ;@<<D?:A? >@AJ
>8A?E:?=@A <=C=? ><@G8 ?@ Cn =A ?H8 ;@<<D?:A? =?8C >@A>8A?E:?=@A >@EE8G;@AI=AF ?@ ?H8 :=E
MD:<=?N GDkJ=AI8U� BPlo =G ?H8 <@9 V:<D8 @B ?H8 ;@<<D?:A? >@A>8A?E:?=@A <=C=? ><@G8 ?@ Cn
=A ?H8 ;@<<D?:A? =?8C >@A>8A?E:?=@A >@EE8G;@AI=AF ?@ ?H8 :=E MD:<=?N GDkJ=AI8U� IAQIhi

=G
?H8 :=E MD:<=?N GDkJ=AI8U >@EE8G;@AI=AF ?@ BPhi =A ?H8 ;@<<D?:A? =?8C >@A>8A?E:?=@A >@EJ
E8G;@AI=AF ?@ ?H8 :=E MD:<=?N GDkJ=AI8U� IAQIlo =G ?H8 :=E MD:<=?N GDkJ=AI8U >@EE8G;@AI=AF
?@ BPlo =A ?H8 ;@<<D?:A? =?8C >@A>8A?E:?=@A >@EE8G;@AI=AF ?@ ?H8 :=E MD:<=?N GDkJ=AI8U#

�� _:<40429; 0/68;5 9-3 /[<;9-954,-6�
4��� <??*.)( 7'()* -/ �@�A� iH8 :;;E@:>H 9:G :;;<=8I ?@ ?H8 <=A8:E E8FE8GG=@A

kN >:<<=AF ?H8 qfT C8?H@I =A RJG?DI=@R :AI ?H8 ;:E:C8?8EG :AI G=FA=l>:A>8 ?8G?G 98E8
@k?:=A8I :B?8E ?H8 EDA ~i:k<8 6�# K E8FE8GG=@A :A:<NG=G 9=?H : >@AG?:A? 9:G ;8EB@EC8I DG=AF
Ln(AQI) :G ?H8 I8;8AI8A? V:E=:k<8R ;@<<D?:A? =?8CGR C8?8@E@<@F=>:< B:>?@EG :G 8U;<:A:?@EN
V:E=:k<8G# -? >:A k8 G88A ?H:? I8FE88 @B BE88I@C =G S3R 9H=>H C8:AG ?H8 G:C;<8 V:E=:k<8G
=G %6# R2 = 0.9959R =G C@E8 ?H:A 3#1 :AI 8U?E8C8<N ><@G8 6# qA ?H8 @A8 H:AIR ?H8E8 :E8
cc#/ ;8E >8A? >H:AF8G =A ?H8 E8G;@AG8 V:E=:k<8 fA~K_-� k8>:DG8 @B ?H8 >@Ck=A:?=@A @B ?8A
>@A?E@<<8I V:E=:k<8G# qA ?H8 @?H8E H:AIR =? C8:AG ?H8 C@I8< H:G : H=FH MD:<=?N# KInDG?
R2 = 0.993R =AI=>:?=AF ?H:? ?H8 E8FE8GG=@A 8MD:?=@A I8?8EC=A8G ?H:? cc#%% @B ?H8 V:E=:A>8
@B ?H8 I8;8AI8A? V:E=:k<8 9=?H=A ?H8 @kG8EV8I V:<D8#

xH8A 98 G8? G=FA=l>:A>8 <8V8< :G 3#3/R ?H8 Ftable = F(0.05,10.31−10−1) = 2.348# Ê@C
?H8 i:k<8 6R ?H8 f JG?:?=G?=> V:<D8 8MD:<<N $15#$ :AI pJV:<D8 <8GG 2.2e−16 =G <8GG ?H:A 3#3/R

/S3 � %��&� �
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9H=>H C8:AG 98 >@D<I E8n8>? ?H8 AD<< HN;@?H8G=GR 98 >@D<I >@A><DI8 ?H:? ?H8 C@I8< =G
G=FA=l>:A?#

Y�%�� R� @����A�� A�B�C ���DC� �� E:9F

cJuW�_v S=O�4>OJ7 97�O?? t	[MKCO p	[MKCO 9>@
x1 −3.519 · 10−04 1.168 · 10−03 −0.301 0.7664 e
x2 1.581 · 10−03 7.105 · 10−04 2.226 0.0377 �
x3 −2.700 · 10−04 6.146 · 10−04 −0.439 0.6651 e
x4 4.550 · 10−03 1.216 · 10−02 0.374 0.7123 e
x5 8.798 · 10−03 2.659 · 10−04 33.092 < 2e−16 ���
x6 −1.078 · 10−03 9.288 · 10−04 −1.160 0.2596 e
x7 5.152 · 10−04 1.670 · 10−03 0.309 0.7608 e
x8 6.998 · 10−05 6.860 · 10−04 0.102 0.9198 e
x9 −3.953 · 10−06 1.204 · 10−05 −0.328 0.7461 e
x10 −2.982 · 10−06 1.189 · 10−05 −0.251 0.8046 e

S=J97MJ7 3.182 · 10+00 6.706 · 10−02 47.458 < 2e− 16 ���
?O9 97�O?? 0.01776 ^O@?OO9 =L L?OO<=Q 5/ VCK R	9iCM?O< 0.9959
f	97M7>97>4 487.4 p	[MKCO < 2.2 · 10−16 W<y R	9iCM?O< 0.9939
9>@�4=<O9 / ����| /�//� ���| /�/� ��| /�/T ��| /�� �	|

Z = 7 O� _L P (t) > 0.1+ 76OJ 76O 9>@J>z4MJ4O KO[OK 9>@JMK >9 em >L 0.05 < P (t) < 0.1+ 76OJ 76O 9>@J>z4MJ4O
KO[OK 9>@JMK >9 .m >L 76O 0.01 < P (t) < 0.05+ 76OJ 76O 9>@J>z4MJ4O KO[OK 9>@JMK >9 ∗m >L 76O 0.001 < P (t) < 0.01+
76OJ 76O 9>@J>z4MJ4O KO[OK 9>@JMK >9 ∗∗m >L 76O 0 < P (t) < 0.001+ 76OJ 76O 9>@J>z4MJ4O KO[OK 9>@JMK >9 ∗ ∗ ∗�

j@98V8ER ?H8 =A=?=:< E8FE8GG=@A 8MD:?=@A =G G=FA=l>:A? :G : 9H@<8R kD? ?H=G I@8G A@?
C8:A ?H:? 8V8EN >@A?E@<<8I V:E=:k<8 =G G=FA=l>:A?# K>>@EI=AF ?@ i:k<8 6R 9H8A :kG@<D?8
tJV:<D8 =G C@E8 ?H:A Ttab = T(0.05,10.31−10−1) = 2.086 @E ?H8 pJV:<D8 =G <8GG ?H:A 3#3/R
98 >@D<I E8n8>? ?H8 T?DI8A? ?8G? AD<< HN;@?H8G=GR ?H8 V:E=:k<8 =G G=FA=l>:A?# -A ?H8 =A=?=:<
C@I8<R O3R NO2 :E8 G=FA=l>:A?R :AI ?H8 @?H8E 8=FH? >@A?E@<<8I V:E=:k<8G :E8 A@? G=FA=l>:A?#
K>>@EI=AF ?@ ?H8 E8FE8GG=@A E8GD<?G =A i:k<8 6R 98 >:A F8? ?H8 E8FE8GG=@A C@I8<d

Ln(y) = 3.18− 3.51 · 10−4x1 +1.58 · 10−3x2 +2.7 · 10−4x3− 4.55 · 10−3x4 +8.8 · 10−03x5−

− 1.08 · 10−3x6 + 5.15 · 10−4x7 + 7 · 10−5x8 − 2.95 · 10−6x9 − 2.98 · 10−6x10.

Y�%�� S� GH� BI��A�� J�������� �� ���JK��� ��L������� �� E:9F

YM?>MBKO R2 W<yR2 f	[MKCO P (F ) `ef P u`efv ^ef P u^efv
−x8 /�..T /�..0 1�2�0T 1.3 · 10−21 /�.�1 /�./� ���.. /�55T
−x1 /�..T /�..1 TA.�5� 5.2 · 10−23 /�.�0 /��2. ���.1 /�5�0
−x4 /�..T /�..1 AA2�/2 2 · 10−24 /�.�� /��0A ���./ /�5�0
−x10 /�..T /�..1 2.5�1/ 7.2 · 10−26 /�.�5 /���0 ����T /�510
−x9 /�..T /�..1 .A/�1/ 2.3 · 10−27 /�.�2 /�.A5 ���T5 /�50�
−x7 /�..T /�..1 ��.5�./ 6.9 · 10−29 /�.� /���2 ���.A /�5��
−x3 /�..T /�..T �T/���2 2.3 · 10−30 /�.� /���A ��..5 /�1/2

x2, x5, x6 /�..T /�..T ��.2�0. 9.1 · 10−32 /�.2� /�2T� 5�/.1 /�TTA

Z = 7 O� `ef QOMJ `6M8>?=ef>Kh 7O97+ ^ef QOMJ ^C?B>JefM79=J 97M7>97>4 7O97�

-A @EI8E ?@ C:y8 ?H:? :<< ?H8 V:E=:k<8G :E8 G=FA=l>:A?R 98 >H@@G8 ?H8 k:>y9:EI 8<=C=J
A:?=@A G?8;9=G8 E8FE8GG=@A C8?H@I# -A 8:>H G?8;R 98 A88I ?@ I8<8?8 @A8 V:E=:k<8 9H=>H =G
A@? G=FA=l>:A? kN ?H8 T?DI8A? tJ?8G?# Ê@C i:k<8 SR ?H8 f JG?:?=G?=> V:<D8 >@A?=AD8G ?@ =AJ
>E8:G8 =A 8:>H G?8;# x8 I8<8?8 ?H8 C:U=C:< pJV:<D8 kN T?DI8A? tJ?8G? :AI F8? ?H8 C:U=C:<
f G?:?=G?=> V:<D8# -A >@<DCA 6R ?H8 k@<I8I ADCk8EG :E8 ?H8 >@A?E@< V:E=:k<8G 9=?H ?H8 <@98G?
<8V8<G @B G=FA=l>:A>8 :AI ?H8 @A8G 98 8<=C=A:?8 :? 8:>H G?:F8# iH8 G?@; >@AI=?=@A E8C:=AG

� %��&� �
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>@A?E@<<8I V:E=:k<8G :E8 G=FA=l>:A?# x8 :<G@ ?8G? ?H8 E8G=ID:< :D?@>@EE8<:?=@AR E8G=ID:< A@EJ
C:<=?N =A 8:>H G?8;# Ê@C ?H8 TH:;=E@Yx=<y ?8G?R 8:>H G?8; pJV:<D8 =G C@E8 ?H:A 3#3/#
x8 >@D<I E8n8>? ?H8 :<?8EA:?=V8 HN;@?H8G=G# iH8 E8G=ID:<G :E8 A@EC:< I=G?E=kD?=@A# KG B@E
?H8 `DEk=AYx:?G@A ?8G? E8GD<?R :<< ?H8 pJV:<D8 :E8 C@E8 ?H:A 3#3/# x8 >@D<I E8n8>? ?H8
:<?8EA:?=V8 HN;@?H8G=G# iH8 :D?@>@EE8<:?=@A k8?988A E8G=ID:<G =G o8E@# iH8 lA:< C@I8< =A
?H=G N8:E :E8 :G B@<<@9Gd

Ln(y) =
P (t���	�)

3.18
(2.29·10−42)

+1.47 · 10−3x2
(8.14·10−3)

+8.85 · 10−3x5
(9.06·10−30)

− 1.46 · 10−3x6
(1.5·10−3)

.

4��� <??*.)( 7'()* -/ �@��!�@�B� ^=EG?R 98 >H8>y ?H8 C@I8< MD:<=?N :? S36%2
S361R :G GH@9A =A ^=FDE8 SR aR bR B@E k@?H ?H8 =A=?=:< C@I8< :AI ?H8 G?8;;8I lA:< C@I8<
:B?8E k:>y9:EI 8<=C=A:?=@AR 9=?H :<< R,R2 V:<D8G 8U>88I=AF 3#1R 9H=>H =AI=>:?8G : H=FH
MD:<=?N @B ?H8 C@I8<# -A >@A?E:G? ?@ ?H8 =A=?=:< C@I8<R ?H8 I=G?:A>8 k8?988A R2 :AI :InDG?
R2 =A ?H8 lA:< C@I8< FE:ID:<<N I8>E8:G8GR =AI=>:?=AF ?H:? 98 H:V8 @k?:=A8I : C@E8 G?:k<8
C@I8<#

d!&��� S� [S828RO Z�] RS6 jSRO Z%] PV7S7X8V X76PO e=RO82Y R2 	,�
0	,�.

iH8A 98 DG8 ?H8 G:C8 C8?H@I ?@ F8? ?H8 lA:< C@I8< B@E ?H8 S36%2S361# i:k<8 %
;E8G8A?G ?H8 lA:< C@I8< :B?8E G?8;9=G8 E8FE8GG=@A BE@C S36%2S361# iH8 8<=C=A:?=@A V:E=:k<8
=G G?8; kN G?8; DA?=< :<< V:E=:k<8G :E8 G=FA=l>:A?# K>>@EI=AF ?@ ?H8 ^=GH8E ?8G? E8GD<?R :<<
F JG?:?=G?=> V:<D8G :E8 C@E8 ?H:A Ftab V:<D8R >@EE8G;@AI=AF ?@ :<< pJV:<D8G :E8 <8GG ?H:A
3#3/R 9H=>H C8:AG 98 >@D<I E8n8>? ?H8 AD<< HN;@?H8G=GR :<< lA:< C@I8<G :E8 G=FA=l>:A?#
g<G8R BE@C ?H8 TH:;=E@Yx=<y ?8G?R :<< pJV:<D8 =G C@E8 ?H:A G=FA=l>:A? <8V8< 3#3/R 98 >@D<I
E8n8>? ?H8 :<?8EA:?=V8 HN;@?H8G=GR :<< E8G=ID:<G :E8 BE@C ?H8 A@EC:< I=G?E=kD?=@A# Ê@C ?H8
`DEk=AYx:?G@A ?8G? E8GD<?R :<< pJV:<D8 =G C@E8 ?H:A G=FA=l>:A? <8V8< 3#3/# iH8A 98 >@D<I
E8n8>? ?H8 :<?8EA:?=V8 HN;@?H8G=G# iH8 :D?@>@EE8<:?=@A @B ?H8 E8G=ID:<G =G o8E@#

Y�%�� T� GH� �����A�� A�B�C ���DC� ����� ���JK��� ��L������� �� E:9;ME:93

xOM? jK>Q>JM7>=J [M?>MBKO f	[MKCO p(f) `ef pu`efv ^ef pu^efv
5/�0 4, 3, 2, 10, 5, 9 �T��5 6.45 · 10−15 /�.2T /�AAA 5�51 /�AT0
5/�1 3, 4, 7, 1, 5, 10 T2�22 1.47 · 10−12 /�.21 /�A51 5�A02 /�.10
5/�T 4, 3, 2, 10, 8, 9 �0�/1 2.03 · 10−14 /�.AA /�1�� 5�/�A /�1�5
5/�A 2, 3, 10, 4, 8 �//�1T 1.01 · 10−15 /�.1T /��� ��50� /�02�
5/�2 9, 8, 1, 7, 4, 3, 10, 2 0�0�A0 6.77 · 10−20 /�.0T /�/A ���.1 /�5�0
5/�� 10, 9, 8, 1, 4, 7, 3 ��5��.� 2.77 · 10−31 /�.�1 /�.�. ��T05 /�/�0
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^=A:<<NR ?H8 C@I8< :<< V:E=:k<8G :E8 G=FA=l>:A? :AI H:V8 ?H8 B@<<@9=AF B@EC :? I=p8E8A?
N8:EGd

=A S36%d

Ln(y) =
(P (t���	�))

4.48
(5.9·10−25)

− 1.5 · 10−3x1
(0.048)

+1.079 · 10−2x6
(7·10−15)

− 9.3 · 10−3x7
(0.0198)

−

− 9.6 · 10−3x8
(6.9·10−5)

+1.8 · 10−4x9
(6.8·10−5)

, ~/�

=A S36$d

Ln(y) =
(P (t���	�))

4.17
(4.9·10−24)

+8.35 · 10−3x2
(2.1·10−4)

+8.56 · 10−3x6
(8·10−9)

−1.14 · 10−2x8
(2.4·10−5)

+2.34 · 10−4x9
(1.9·10−4)

,

~O�
=A S36/d

Ln(y) =
(P (t���	�))

3.58
(9·10−25)

−1.90 · 10−3x1
(0.047)

+4.99 · 10−3x5
(7·10−9)

+6.69 · 10−3x6
(2.8·10−8)

−8.15 · 10−3x7
(7.53·10−3)

, ~5�

=A S36Od

Ln(y) =
(P (t���	�))

3.46
(5.2·10−27)

−1.75 · 10−3x1
(0.033)

+6.23 · 10−3x5
(1.2·10−12)

+5.62 · 10−3x6
(1.5·10−7)

−

− 1.42 · 10−2x7
(1.2·10−4)

+7.47 · 10−5x9
(8.98·10−5)

, ~1�

=A S365d
Ln(y) =

P (t���	�)
3.31

(4.2·10−31)
+7.41 · 10−3x5

(3.2·10−16)
+2.25 · 10−3x6

(3.59·10−3)
, ~c�

=A S361d

Ln(y) =
P (t���	�)

3.18
(1.9·10−41)

+2.12 · 10−3x2
(9.5·10−4)

+8.67 · 10−3x5
(4·10−27)

− 1.4 · 10−3x6
(4.7·10−3)

. ~63�
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I8;8AI8A? :AI >@A?E@<<8I V:E=:k<8G# Ê@C i:k<8 $R 98 G8? 8:>H E@9 :G : lA:< C@I8< E8GD<?#

� %��&� �
"�
� 
!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1 /S%



d!&��� T� {8SRO PV7S7X8V X76PO4 R2 	,�
 Z]]B 	,�/ Z]]]B 	,�� Z]]]]B
	,�; Z]�]B 	,�� Z�]B 	,�. Z�]] RS6 	,�� Z�]]]

R J RV2=RO TRO=Pv S J 39P68V2P6 TRO=P�

x8 DG8 k=F G?:EG :AI GH@E? H@E=o@A?:< <=A8G ?@ E8;E8G8A? ?H8 V:E=:k<8G ?H:? :E8 G=FA=l>:A?
:AI A@? G=FA=l>:A? :? ?H=G N8:E# iH8 k@??@C ADCk8E =G ?H8 GDC @B ?H8 ?@?:< =AvD8A>8 B:>?@EG

/S$ � %��&� �
"�
� 
!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1



:C@AF G8V8A N8:EG# iH8E8B@E8R =? =G ><8:E ?@ lAI ?H:? ?H8 >@A?E@< V:E=:k<8 x6 (PM2.5) =G
?H8 @kn8>?=V8 =AvD8A>8 @A ?H8 <@F:E=?HC @B ?H8 K_-R B@<<@98I kN x5 (O3)#

#� +,-2;864,-6 9-3 34628664,-6� hD<?=;<8 <=A8:E E8FE8GG=@A =G A@? @A<N DG8I B@E
B@E8>:G?=AF# -? >:A :<G@ k8 DG8I ?@ :GG8GG 9H=>H @A8 @E C@E8 :E8 ?H8 C@G? =AvD8A?=:< B:>?@E
:C@AF >@A?E@<<8I V:E=:k<8G# K E8:< >:G8 @B >@A><DG=@A >:A k8 IE:9A BE@C ?H8 @k?:=A8I
E8GD<?# ^=EG?R 8V:<D:?8 ?H8 C@I8< MD:<=?N k:G8I @A ?H8 R2 C@E8 ?H:A 3#1R 9H=>H C8:AG
?H8 C@I8< H:G H=FH MD:<=?N :AI I8G8EV8G :;;<=>:?=@A# j@98V8ER 9H8A V:E=:k<8G :E8 A@?
G=FA=l>:A?R 98 >H@@G8 k:>y9:EI 8<=C=A:?=@A E8FE8GG=@A ?@ F8? ?H8 lA:< C@I8<# -? >:A k8
=C;<8C8A?8I =A h:?<:kR RJG?DI=@R T?:?:R T;GGR gU>8< :AI h8IL:<8R 8?># -A :II=?=@AR 98
:<G@ ?8G? ?H8 E8G=ID:< A@EC:<=?N :AI :D?@>@EE8<:?=@A =G o8E@ @E A@? =A 8:>H G?8; DA?=< :<<
V:E=:k<8G :E8 G=FA=l>:A? :AI F8? ?H8 lA:< C@I8<#

D̂E?H8EC@E8R =? =G 9@E?H ?H=Ay=AF :k@D? ?H8E8 :E8 I=p8E8A? 9:NG ?@ F8? ?H8 E8GD<?Gd
~=� @̂E9:EI G8<8>?=@A G?8;9=G8 E8FE8GG=@A� ~==� Ky:=y8 =AB@EC:?=@A >E=?8E=@A� ~===� u:N8G=:A
=AB@EC:?=@A >E=?8E=@A# iH8G8 MD8G?=@AG ;E@V=I8 F@@I =I8:G B@E ?H8 BD?DE8 E8G8:E>H ;E@FE:C#

����������

�� ZM99>?> V�+ jKM6> w� V�+ d6=[[M7> `� j[MKCM7>=J =L <>NO?OJ7 97M7>97>4MK QO76=<9 C9>J@ `W` 9=L7RM?O:
MJ >J 9>K>4= M88?=M46 L=? MJMKP9>9 =L ?OMK	7>QO ISX� P�-
��, �O �$$,!�# �
�
! 
!B + 5/��+ [=K� 1T+ >99� 5+
88� 0/A30�.�

5� bC?O Y� V�+ IO7?C96>J W� q�+ V>7?=LMJ=[ j� I�+ V>7?=LMJ=[M U� W�+ ^OJ>9=[ Y� j\8O?>OJ4O R>76
76O C9O =L QM76OQM7>4MK 97M7>97>49 QO76=<9 L=? M99O99QOJ7 =L M@?>4CK7C?MK 8KMJ79 97M7C9� ��,Z ��������! 
b
������� :!�,��!�� s��
!B-,
-
�, :!�,���t+ 5/�.+ [=K� T1+ >99� �+ 88� �13./�
67789:;;<=>�=?@;�/��T0�.;M@?=B>=K=@P�5/�.����1OJ@

0� _MhC96O[ Y� I�+ bC?O Y� V�+ V>7?=LMJ=[M U� W�+ V>7?=LMJ=[ j� I� w6O=?O7>4MK L=CJ<M7>=J9
=L 8?=BMB>K>97>4 MJ< 97M7>97>4MK L=?O4M97>J@ =L M@?=QO7O=?=K=@>4MK ?>9h9� �� 
�!� �O ��!�
 	�
�
 �-
�
=�!��
 !
�� �$$,!�# ��
��'�
!B � +�'$-
�
 �B!��B�� +��

�, 	
�B�  � + 5/5�+ [=K� �2+ >99� 5+ 88� �213
��5� 67789:;;<=>�=?@;�/�5�A0�;��2/�;98BC�/�5/5��5/2

1� _MhC96O[ Y� I�+ bC?O Y� V�+ V>7?=LMJ=[M U� W�+ V>7?=LMJ=[ j� I� UJ 76O >99CO =L 9OQ>[M?>=@?MQ9
4=J97?C47>J@ MC7=QM7>=J L=? 8?O4>9>=J M@?>4CK7C?O 8?=BKOQ9� �� 
�!� �O ��!�
 	�
�
 �-
� =�!��
 !
��
�$$,!�# ��
��'�
!B � +�'$-
�
 �B!��B�� +��

�, 	
�B�  � + 5/5/+ [=K� �A+ >99� 5+ 88� �223��T�
67789:;;<=>�=?@;�/�5�A0�;��2/�;98BC�/�5/5/�5/.

T� d6MJ> _� V�+ W6QM< `� `7O8R>9O QCK7>8KO ?O@?O99>=J QO76=< 7= L=?O4M97 z96 KMJ<>J@� 	
�B�#!�b
��B!�, ��# :����!�
�, �B!��B� + 5/�/+ [=K� �+ 88� T1.3TT1�

A� bC?O Y� V�+ IM?>K>JM j� V�+ `O<Mh=[ W� W� VO7=<P 8?>hKM<J=> 97M7>97>h> [ X > j\4OK� 0	>g<� sW88K>O<
97M7>97>49 QO76=<9 >J X MJ< j\4OKt� 0?< O<� `7 IO7O?9BC?@+ cMJ| ICBK�+ 5/�.+ �.A 8� u_J XC99>MJv

2� �> ^� `7C<P =L 76O >J[O97QOJ7 M77?M47>[OJO99 =L S6>JM|9 ?O@>=J9� ������'��
 	
�B�  � ��#
�- 
�!���!,!
�+ 5/5/+ [=K� 2+ >99� �+ 88� 1503152�

�� {M?>Q `� W�+ {MQ9MJ> Z� q� fM7O? iCMK>7P >J<O\ 8?O<>47>=J C9>J@ QCK7>8KO K>JOM? LCggP ?O@?O99>=J
Q=<OK: SM9O 97C<P >J IO?Mh X>[O?+ VMKMP9>M� �$
!���
 ��
-
�+ 5/5/+ 88� 0�30T�

.� W<?M>J X� XO9OM?46 4=J4O?J>J@ 76O 8?=BMB>K>7>O9 =L 76O O??=?9 R6>46 6M88OJ >J QMh>J@ =B9O?[M7>=J9�
m��
�� *���+ ���1+ [=K� �+ J=� 1+ 88� .03�/2�

�/� VO??>QMJ V� UJ 76O 6>97=?P =L 76O QO76=< =L KOM97 9iCM?O9� %�� ���,� 
+ ��22+ [=K� 1+ >99� 5+
88� 0030A�

��� rP9h>J< d�+ VM?7>J q� b� UJ BO97 K>JOM? O97>QM7>=J MJ< @OJO?MK dMC99eVM?h=[ 76O=?OQ >J
K>JOM? Q=<OK9 R>76 M?B>7?M?P J=JJO@M7>[O 4=[M?>MJ4O 97?C47C?O� �"�� P�-
��, �� �$$,!�# ��
��'�
!B +
�.A.+ [=K� �2uAv+ 88� ��./3�5/5�

�5� �CMJ<7 X� j� wO979 =L 76O 6P8=76O9>9 76M7 M K>JOM? ?O@?O99>=J 9P97OQ =BOP9 7R= 9O8M?M7O ?O@>QO9�
P�-
��, �O 
�� �'�
!B�� �
�
! 
!B�, �  �B!�
!��+ �.A/+ [=K� TT+ >99� 5./+ 88� 051300/�

�0� I=8O I� w�+ fOB97O? ]� w� w6O C9O =L MJ F 	97M7>97>4 >J 97O8R>9O ?O@?O99>=J 8?=4O<C?O9�
%�B���'�

!B + �.25+ [=K� �1+ >99� 5+ 88� 052301/�

�1� bC?O Y� V�+ IM?>K>JM j� V� %��
!!� ��
�!�
�� 
! ! '�
�'�
!B�� ��!�  
�
! 
!�� [	
����!,!
� 
���
�
��# '�
��'�
!B�,  
�
! 
!B ]� �st O<�+ `7 IO7O?9BC?@+ cMJ| ICBK�+ 5/�0+ 1�A 8� u_J XC99>MJv

�T� X=P97=J I� W88?=\>QM7>J@ 76O `6M8>?=ef>Kh 7O97 L=? J=J	J=?QMK>7P� �
�
! 
!B ��# +�'$-
!��+
�..5+ [=K� 5+ >99� 0+ 88� ��23��.�

�A� f>KL=?< c� c�+ wMPK=? ^� w6O 8=RO? =L L=C? 7O979 =L MC7=4=??OKM7>=J >J 76O K>JOM? ?O@?O99>=J Q=<OK�
P�-
��, �O ;B���'�

!B + �.2T+ [=K� 0+ >99� �+ 88� �35��

� %��&� �
"�
� 
!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1 /S/



XO4O>[O<: VM?46 �.+ 5/55�
W44O87O<: `O87OQBO? �+ 5/55�

W C 7 6 = ? 9| > J L = ?QM 7 > = J:

)��� �� e I=97@?M<CM7O `7C<OJ7m 6P���A�A2051p=C7K==h�4=Q

&���O��� \! e I=97@?M<CM7O `7C<OJ7m 97/201/.p97C<OJ7�98BC�?C

�,�#!'!
 �� :-
� e ^?� `4>� >J jJ@>JOO?>J@ `4>OJ4O9+ I?=LO99=?m [KB0�/�T1p@QM>K�4=Q

c���
 ������
	�
 �	��
���
		�� ��	
�	�� �
��
���� d
���*�� ��*
���� ��?���� � O���


h� i�14 J� j514 2� 3� k<	�1,2

1 �����	
 � !"#!$%�&' $(%#)�!%�* ���' #�&* !%&� �+ �(%%&'%��, � ) !�-&,+
�../01+ �����	
 � !"#!$+ 
�&* !%&� �%��, ��"�+ 23.

2 �$!(F&H&a %�&' ��#a�(	&%%D )(*�� Dk%�&' &�%�&�#�+ �(%%&'%��, � ) !�-&,+
�.T55/+ �����	
 � !"#!$+ �!��)��%�&' �!�+ �1

��� ������	
���� l� ��4 m! a�4 n��� �� *� �Pb R33O8VR287S 7W X=O283OP O8SPR9 9P:9P4487S
XP2176'N VR4P 8S �18SR R89 e=RO82Y $$ %������ &#���'(����)"������� "����������#� (��'
��#��#�  #�� #���#� *�+�� #���#� (������� "��#������� 	,		� -� �.� %��� /� &� ��;0�	;�
122345$$678�79:$�,�	�;
.$���,�$43<=�,�	,		�/,;

(����#�#���� m���� ����C���#�  ����AB �����#��#� �#  �����  ��D��������! ����!'
��! ���������� K�� ��������#��� �#��#����� �# �����" �#�)���� �#D��� +#������
G#���� �! ���� ����!� p#��� ��B �#�� #����#?��� ���!���# m��!  �����B �#C�����  �'
����B ���� �#�# �����B �������# ���#����  ������ L#�� B C��)� ")����A��B C��  ����A
������G����#��� ���� #�A�#B �����AG"����  ���� ��E#����! ��������� � �)�#��� ��'
��?C���� B C��)� ���"C��A ����C#���A�"?  ����A� % �� D� ��� � �#�D� ���)���� �
��������A ���!���# �# �#D�� E#��� p#�����B ��G"�A�#�� ���?�����"?��� ��#�A�� 
��"C#� �#C����# ��G�"�# � ���#�� (��"C���#�  ����A )��# ��� ����# ��� ������'
G����#��� ������# �#C����# ��G�"�# ZNr[] � 
� ������ ���#� � ��C���� 	,�
0	,�� ���
%�� �#�C��� � ����� ����������A � �����AG��#��� R'42=687� %���C��# Nr[ �#�#���'
��G"�� ������ �#C����# ��G�"�# � ���#�� � �������A�� ���� ���� ��������� E���A
+#������ G#���G����� � C�����  ����������C����� +#����#� -#�� �)�#G� B  ����A
���#G��#��B C�� �#�)���� G�#C����A�� +#����� B ����?@� �# Nr[ � ���#�B ��'
������ PM2,5B G# ������ ����"�� O3�

�������� ��
��5  ��D�������#� ����!�#� ���������B G#���G����� ��G�"�#B Nr[B ���'
����# ������GB PM2.5B O3�

�(� �� � �� � , & �F ( !E� - & ,:

E/ oD e �%�&!���m 6P���A�A2051p=C7K==h�4=Q

�1 .�D�@D e �%�&!���m 97/201/.p97C<OJ7�98BC�?C

4�H/ �Q@2101H L@DS�H��13 e )	! � G�� ��#�+ �!(F�m [KB0�/�T1p@QM>K�4=Q

� %��&� �
"�
� 
!&�D�)��, E�� E��&��� ��F(!E��&����� 5/55� �� ��� ���� 1




