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Abstract:; Using the tropospheric NO, columns observed by the satellite-based Ozone Monitoring Instrument (OMI), we analyzed the spatio-temporal
variations and influential factors of NO, pollution over Western China from 2005 to 2016. First, the anthropogenic NO, columns were estimated dependent
on the seasonal characteristics of NO, pollution, excluding the source of natural NO,. The long-term trend and seasonal characteristics of NO, columns over
Western China were then extracted by the wavelet transform method. We compared the changes of NO, columns over Western China and Eastern China.
Finally, combined with economic and social data, the main drivers of NO, pollution over Western China were analyzed. The results showed that the NO,
columns over Western China showed a rapidly increasing trend from 2005 to 2012. Specifically, the growth rate of northwestern provinces exceeded 10%
a~'. After 2012, the NO, columns over Western China began to decrease. We observed that most western provinces had completed the emission reduction
targets of the “ 12" Five-Year Plan”. In addition, coal consumption is the most important factor of NO, pollution. Although part of thermal power in

Yunnan and Sichuan Provinces has been replaced with hydropower and the growth rate of coal consumption has slowed down, traffic emissions have already
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become the main source of local NO, pollution in the two provinces. As one of the key regions of the national “One Belt, One Road Initiative” new

strategy, the results of this study will provide an important scientific basis for the Chinese government to formulate effective emission control policies and

promote regional balance and sustainable development.

Keywords: NO, columns; satellite remote sensing; Western China; spatio-temporal analysis

1 5| & (Introduction)

T 40 A T EIZE D) T RGHE A3 A RN R )
Tolfb & R, WEFE T K& b A Bk, S8R
B — A AL A& (NO, ) ¥ B2 A 34 0 ( Richter et al.
2005; Zhang et al., 2012) .7 FE ALK 1 545 —
KRETR, IF HIE 2 ER NO, 5 e fie N ™ B 11X 2
— NO,ERATT Y F A K A TG Y W), 72X
ERAM B R HEAE R, AR5 AE LR 4
(0,) SFRER UKL W) S R W %5 (van der et al., 2006;
Lin et al., 2011) .91 H ,NO,/E A &1 E L F L S
SRR KA A2 RN, BE L o8 [R] 42 b 5 U5 9 5
3H AT 6T 42 Rk A% AR 4k 7 A B 22 0 ( Zhang
et al., 2007). MLAN, v BE Y NO, V5 44 25 ELH0;
NARAGR 25 5 5| K WP W 22 e 9505 . [l ) 12 52 i)
FEAE AR R Y M) A= 88 58 (Qin et al., 2017).
F T UL, NO, T3 2 A A4 i B Al A= 2 R4 2 A AR
KL FEHE.

WENES Y S URE €= [N i 2 U o
PEGE 75 PEAG K X 8% NO, Y 75 Y2 78 4k B A ] 47k
(Richter et al., 2005).3X EE & H TR FH NO,
FRE(H % 2~6 h, X7 10~24 h) [N TR
S Y NO, A R AR Ak B 0% 5 b T HE i 51 R 1Y)
NO, V5 YR HE ST HHEMIER R (Zhang et al., 2012).
PRIt , AR 2o 2 3 3 ek K sk ] P 47 T8 508 i 5 v [
2 DXL Z NO AV BE 14 B 2 A8 AR R AE A 5
AEBRARA 2 (8] 43 A B 22 A A2 4 ( Zhang et al.
2007 ; van der et al., 2008 ; H #0455, 2011 ; & 5 &L
4, 2015; Yu et al., 2017).Zhang %5 (2012) &
[l 11X NO, A BE 52 AN 4 4887 53 A, v 15 e NO,
BT AR 1B S IR T A DX, BLARAE SR 2 22
TPEREVE. A AR ARG A T R A X M NO, AT
WIEAL IR R G & UK Hlsh 5
N2 B R BB VR TH AR 55, IR 45 48 45 HL X NO,
W EE R F2 28 e N 205 S50 v HE RS n e
W (Gu et al., 2013; Huang et al., 2013; &
&, 2016). LRAFR G AIMUER T NO,T5 4 A
ZSRHIE, IF HARBRAHFIFT T NO, 15 ey sRsh A & |
Sk il 2 AR IHE R B T AR .

H1 T NO, 75 YAFTER R f T, PRIk, v S I
INFAE TR TR il T B A ) AR AR e H
b, JF B SRR o i B ARy AR =
R R R ARG R T
TR R 15% .28 1 2 WLPF-H BOR i 2 1 8 HE B 5k
R SEETRERICR, | — 862 35 235 5 Wl I 5 it o T3 2 M
R AR 7 WA, AR HR 2 B X NO, HETL
JNO, #E e B34 2 TR #a 35 (de Foy et al., 2016;
Krotkov et al., 2016; Liu et al., 2016; Xia et al.,
2016) AR, H AT K 2 B 98 4 vh o i v [E AR
NO, 75 YL A5 BL, % 74 ¥ oA 45 4 0y Y WF 52 85 20, AR
Shen % (2016) F|H A BHEH5E T 2005—2014 4
THEE Tl X ) NO, T3 JL1F &, XF T E & A7
FRHLDCHY NO, 15 Y BF T B RA E =

K H 1999 fEUR ) 1 PaERTIT A&7 dimg . 7E
b %) 20 AR TA], PUER A Tl Ak R T 1 & i i B L
B T EB AR L IS HBIX (Bai et al., 2014) .75
Tl X ) % S IERURT S5 D 2 Je S AR 7l AR
F Bl AR AR R b DX s L T A B8 R TE
SIS Ta] NPT 1 DG 0 bl DX 8 9% i, (EL 3k JBE 1Y) ¢
PRIHAE SR 77 i 2 rh HE Y 25 28 T YL T X 24
P 0 T BRI (45 7 3 b DX RS A i
AU ZS A% Rt R A 1 W74 S A, PR IX )
NHi BRI A 15 1 ] 42 T A 00 3l 22 8804041 T
HZR TR IX S5, 17 32 ] T F R 20, VG R b DX I 3ty
FBCE B AR /D 33k Al b BR A 1 X 7Y X
NO, 15 YR A 5T %5 T V5 0 1l DX 5k = K 1 (1] 15
23 () 73 HE A ROULIN B 5 | A BE B I A 208 M 00 4 3l
9 NO, T e 0] JL. At AR50 0 1 P I T 5 5] 7Y
T IS T PG R b X, NO, 15 YL 25 4347 3 i)
IR AT 508 LAk, PE AR IX 224000 N X B H 2R
PRI BH K, A ) HE o B2 R T AR IR (K
K ) A Tl RAEET]) HE R R
e ABEFESIER T A SRIEHERCK NO,T55% , A TMi15 3
AR NO,T5 3% A B T B 58 74 A b DX i 4k 25 22 5%
R X 2 i NO, 15 G411 5.

A 58 AR P55 S W I AL ( Ozone Monitoring
Instrument, OMI) X A4 X908 )2 NO, #E: e i | i
T 2005—2016 4731 6] o [ P4 7 4 X NO, 15 ¢ (1 i+
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25 KA S I DR 2R AR NO, 75 S 1 710
P AGFAF BN NO AW EEAS B A /Nl A
o3 gk v E P IX. NO, AR B 1 (R 3
FNZEATREME AT BRI [RBTG50 0t DR AR
K PG AN R X NO, 3B Bl fe i, B X P
HBIX 8 NO, 75 e AR AT, AT 508 T BB 3R
R S AT B AS &, 2 — PR R A
U NO, AR Y T 2Rl PR 2L Pl XA oAy e 5 —
A — B B W T R DX, AR Y 45 AR Sl BUR
A A A HE TR LA B ke ik DX Il A el
SR SRR E E AR S

2 #RE5 7% (Materials and methods)

B KIF G AR

AW AT EO0S-Aura L2 5409 OMI
L IRAR W 1) 2004 4 10 H—2016 4F 12 H X
JZ NO, 3 A BAE . Aura S ST ML A BH IR 25 31
BT BIZEHER—E 2 100 min Zc 47, 5252 UL
JEI R 16 d(Levelt et al., 2006) , TV & ot 556} 18] A
L] 13 .45, LI B4 /9 B2 R R ouas A) 43
BEAN 13 kmx24 km ABFTER B 2 XL
5% H1.0> (Royal Netherlands Meteorological Institute,
KNMI) FF % 1) DOMINO v2 27 7= i i — 2 2
BT R E B X2 NO, AR EE 2 (hitp . // www.

2.1

temis.nl/airpollution/NO,.html ) . £ X} & F OMI X Jii
JZ NO,FE MR B 1Y S8t 330 2 FORS FE i TR A A, 2 1R
Boersma %% (2005 ;2011) AR5, A SCR H ) NO, A
VR B B A O R 22 20O 30% , HE X R 2E R 0.7 %
10" molecules+cm™( Boersma et al.,2011) AR5
TG A B i PR area-weighted average J7 7 AL #H
Ji% 0.125°%0.125° AR B 5 , IR H 3298008 5 A
2 B8l A B s b B B R BR T m AR SR T
20% FVEILIE S 7 (015 3R Kt , LR s UL B30 4wl
FEPE XS T R B U A B 60 MEER AT
A WA T B3 vh a1 30 MR R AE A R
NO,Bdi W Ah A SOl R ittt 2 28 5% 45 g i s
KETE RS R (hitp :// data.stats. gov.cn/ ) .

1 A ST 9 DX, AR R AT i X ekl
SPPRICT A T E AR XY NO, FE VR B BUHE. A8 SC
H PRI 23 D V4 b PG R P AR 2 Y DR, H
PEALHL XA 6 4 1y ( ATR X)), BIH R L5, |
TR BT AR, VY R X AL G 5 A
(ERX EAETT)  RVE DR 708 M P = R
Tk = At 2 2 U B , AT 5T AN B 455 74 G 1 A
AWFFEETERE T b E R A X 1Y 3 AN ST
PO DCHEAT HE A RISt Bl X (AR b K
AEIE) A =AM X (ALAE L TR AT MIER
“FAHIX (BLAETARFER)
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Fig.1  Schematic diagram of the study area
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2.2 A K NO, % JE i # B

1 T2 ALY T i L S 2 KU, BRIt
XTTF NO, N AR EHE A 3 0 R 3, oAk BE 5
Tf IR, At e s AR =5 R U e AR FE DL F AR
HEHCR A X ARYE Cui % (2016) AR T, PH 5 b
X AR S AR E KT 1.0%10" molecules »em™, H A
F P8 2 Z ik B AR | A 2 JiE v 1) 2519 e 1R AR F
FEH BT AR E AT 1.0x10"° molecules - em ™ Y
& R R TR 2 S 1 I

P T P 0 b DX R DX s AR TR NO, VR FE I 1%
ALK T HARIE NOKRIE BRIt A5 id i 5 B A
SRHERCA BT XSk NO, HE MR AR i (L, g —
ARG N NI NOLFEWR B (. AR UG, 7R3 BT ik
N ) 5 IR S NO, By, AW 50k
VEIUS HoAS R R B R 3 1 B SR IR S (e (B4R M
J/NTF 1.0x10" molecules+em ™, HEA A ¥ K{E H
BAE A L) AT Russell % (2012) BT
A Ik, A ATT R T A 5 2% 26 [ F AR NO,
HERL DCBHEAT 7R R 1 AT DU, XS T
PEERHB X ) A SR U5 b X8 NO, A4 B2 7E 2005 4FAY
215 0.4x10" ~0.5%x 10" molecules + cm™> s KRARH
HHIE B AR 75 G X IR BE A 1/5 ~ 172,15 2K 30 Hl
XU K =R =) 9 BRI S (3
(2005 44 0.7%107 ~1.2x10" molecules+cm™) ,
O B2 A R 2 2 LR B X B 176 ~ 1/13. At , BT
TEHUAY AR IR 5 500 7T RE TCVE o8 2 3 ik i A R IR
A IR S PR F AR IEHERL A TTER. 10, 4% X
L EE A 5 | - b A 5 R - B R R 2 DL R Al
SRR, 215 NO, W B A7 7 — i 1 22 5+
WD TR S i S B AR R R XA
AT RESE 4 AN 32 BRI N kg 5 IR 52 ) 00T o Ok 1Y)
TAER S ANCH: anfe kD3 m A S IR NO,
15 Y ARG .
2.3 ANEAH

XT3t 25 NO, ATV XA [] Bsf 1) RUBE (A 11
PR FIAPL ) 19 HE AR A S e 40 4R i 4
MBI 28 T e 1B R BRI B S5 7 S 1)t b
T TR LN ) AR A T sk A b BT P A ) AN
FE PR AR 22 AT BE 2378 H 35 NO, e B2 ][] 7 51 4%
P LABTA RS | 0 < A7 1 58 A i M P o 25
SO ZNME R 1 T 25 R AT TR A B BN
A ( Discrete Wavelet Transform, DWT) PAX 43£2 R
JEF NO, A8 524 (Daubechies, 1992) /N 7AE

e 212 W A7 FR 2 Ta] A1 ] B N 22 ROEE AR PR i
FERYA BT R PR 8 TR )R 31 5 /Y NO,
R AT R E R 737

AMFFEN B Discrete Meyer Wavelet ( dmey )
INBEATE S /1N R R dmey /IR XUIE 58 B S /N
2, 6 % [W) I 7 s 38 A3 Sl 2 A7 Ry #8 43 Br. H i,
dmey /N R BT )2 T 0F 90 R4 AR B AR 2L
(Normalized Difference Vegetation Index, NDVI) Fl £
78 55 75 1k %5 (Echer, 2004; Freitas et al., 2008;
Martinez et al., 2009) . /N 20 7 % 5 #5475
il P S SR A ok R T 0 g R T S R T A
FETT R R T45 5 1 AR5 B 53 1 = B3R 53, #H-X6)
ARATRL 73 AR S 53, AT A5 2 AR AR 8, 73 UK e A3
JRGT MRS, B — UK o3 A o o gl o B (IO 5
O3 — AT AR 530 s AR 73 PRI S £
Z R 3 i BERE R B 51 f£(0) 530 R n J2 505

(1) = Z D(t) +A,(1) (1)

SR, D, (1) BRI A BT B0 15 5 (R
i), A,(t) 25 n BE UGS (R &) 5 XF
A ST B[R] FE 5B, X AN [ 09 23 i J2 B A 7k
50, VPR3 itk JZ AR DU 2 21 70 ik I B9 B v U2 R ST
ol o3 5 B T EE AR A B IU5E 1k o3 e 2251k
5 AR RE S JE o R 2L

3 R (Results)

3.1 WM RIBH KX R E NO,F LW =
il

&2 WoR T 2005—2016 4 i [E 4R NO, 75 G
Y23 [A)A% R R 0. 1T L& B, NO, A ik B (R 4 7 x
10" molecules - cm ™ AUH% 5 EEERIELRIRE T K
TRHBIX, RUGOHEEE K = BR = A X R R SR T
TE, A AR B BT B AL AR S BT B K T R
ST AR | v DR T R RS e T R S OR SR T
BE PR RE.

At e 2 Y a b e TR, AT LA R
FREB IR ISR 3 i X NO, A ¥R BE 7 2005—2012 4 1]
] 5 bR g A 1 VG M X, V5 Y d A M T A
TR M AL X 1 NO, A e 3 B &5 0t T 20x 107
molecules - cm ™. M4, 2 HIX I 7E 2013—2016 4F- 1Y)
] NO, V5 Je /KK T R, B, 2k = f b X AE 484
FEAHIN NO AR B — ELOR B T R i 3 48w, X T
A E A NO, TG Y DX AL (W 5% 10" ~ 10 %
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BRI WD X R+ i
RICE B B, Hh ) 22400 S G X B NO, Ve FE A e
TR B Z AR T b RS g X BT A NO, R
JE RRAR B 52 3T e () 2 B8 S W0 PG 3 s X, 2005
AELIOK , GRS T A | 5 B AR SR I T A R P G P I
TORE R -7 B2 38T R R PN 52 oty T kT A 3

“CHGST IR (B 1 ZDEAE TR ) 19 NO, TS B R R
o A A LA L o e T AR M X SR DAL
TRRF ,2005—2012 4 [A] P 35 i X (1) 4715 NO, #E ¥k
JE SR HO A r AR L X B3 K ) T T 54%.
PRI, 75 B2 1 — 25 PR AN AT PG 3 Ml X 4545 0 19 NO,
IR ARG L.
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Fig.2  Annual mean of tropospheric NO, columns in 2005—2008(a) , 2009—2012(b) , and 2013—2016(c)

3.2 WM XA E NO,K #H# % o AT ®1 PEREHE NO, AR EIBIEAN T

H F 2004 EF- 10 H—2016 $ 12 H E/‘J Aﬂ\]yﬁ Table 1  Relative annual.changes of NO, columns over Eastern China
NO, I HEF-4 AR, ACBR G it/ B B 5 7 o T
BT DHRMLDCA 20 O NO RV TR A ppg ORI
RIS IFBR L 2010 AR A AT U] Ei%ﬁi)\ (107 Ly 200520124 20122016 4F
TR f ARSI 3 B, PRI 4 28 A molectleszem )
S NOL R FE 7E 20052012 45 351 [ £ 5 5t 4 Hlr 0.9(0.4) 10.0%+1.3% -8.4%20.1%

o i 2 o - e RET 1.1(0.4) 13.6%+0.7%  -11.5%x0.1%

DRI, e AE 2010—2012 ), HH L 755 TH 1.4(0.4) 171%4.4%  -13.7%+0.3%
T 2005—2009 4FHIE]. SR M0, = F 1P A9 NO, K - 1.0(0.5) 121%1.3%  -5.9%=0.1%
S A 1t L At PG SR (0 L. 5y A, B R B 23(0.5) 1429:01%  -11.1%20.1%
NO, 75 4 1k W i [a] Hb H: Ath 7 358 4 17> 15 06 i 1] ( B i 1.0(0.5) 14.1%22%  -123%=1.7%
2013 4F) IR 1~ 2 4F MR FR A 3 K = A1 X I 22(0.5) 12206+1.6%  -8.5%+0.2%
SR 45 24 0 L 0. B A M X 7 2 AR5 FE1205) 39%02%  -47%:01%
#ZIKEEW%I%EHT#?TB%E@%Q il BeM 1.3(0.5) 7.1%+0.6% -10.5%+0.4%

Sy T SRS 45 0 NO, 15 e S S
46 1 4RI R T 20052012 4EF1 20122016 ;i TZEE; ; e Rt
ETEN’E’H PN NO SIS A2 4L 4% 1 B[4 1.2(0.5) 134%£1.5%  -11.3%0.3%
97, 7F 2005—2012 IR, DAL AT ) Y MR Eo T 1.4(0.5) 7.4%0.5% -6.2%+0.1%
YL T 10% ot Hord, 7 BRGNS A R 9.2(0.7) 9.1%+2.8% ~7.4%+1.2%
YR NO, 75 G F K e, WA 2 T 17.1% k= 7.2(1.2) 78%+0.6%  -10.19%0.5%
14.2% 1 14.1% a™" . Vard 258 0 B9 MR NO, 224k ®= A 8.0(1.2) “27%+0.1%  -5.2%%0.1%

PGP XA He B K A 2%, bR EE AN, Hifth 4%
BB NT 10% ™' AE 2012—2016 4F 4[],

T 5 R4S M O TR 1) 2005 4R35 55X, NOFEVR BE (A
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Fig.3 Long-term trend of NO, columns over Eastern China and Western China during 2005—2016
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PEIL L X A NO, - 3538 K R 7E 2005—2012 4F
F(13.4%+1.5%) a™" , 78K T VU g Hb X 9 P20 K
K (7.4%=0.5%) a~' . FHILFIVE R HLIX NO, I KR
PS5 T AN TR A 45 20 % 2 Jre s 3 R 7 b 45 #4
1) 22 S R OO0 AR AR 4 T G 5 A A5 s s, P AL i
DA B [ P AR 7 R AR 1 AR A HE ik

(2007 4F2H 1.194 t+42707") I & 1 V5 e HB IX (0.698
tAZTT") (5 — Wk 4 75 Yl 5 A 90 Rl g S &%
25 2011).
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