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U0« HETEOWEAS 3 A BASE 2 0 [7) Ak 36 0E 55 B 2 g T 3
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Fig. 1 An example of NO, spectral retrieval from satellite

(a); The original spectrum (black), reference spectrum (red), measurement and fitting curve of (b): residual; (c¢): Oy ;

(d): Oz; (e): Oy (DH: NOz; (g): Ring effect; (h): H2O (black and red); (i) . Fitting polynomial; (j): Line offset
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RE I HE I
1.4 MREXIEBNA
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Fig. 2 Distribution of major coal and petrochemical industrial

bases in Xinjiang Uygur Autonomous Region
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2.1 ZEP%H

456 NO, B, 2 1675 YLK 7 19 25 18] 43 A7 1B DL R 48 3
AR E 3(a—e) ], 15 YK F (0. 00~2. 00X 10" molecules *
cm %), AL R [d: 0~10.0X 10" molecules * em™?
yr 'y, e 0~(—15.0X10") molecules « ecm ? «» yr '], BiA
KFE 2007 2017 SFWIR], B dR NO, 75 3 & d 404 Tk
S X, KR 43 T e DX AE R AR HEROK S5 v5 g X B
DL B R SR O D Btk 43 A (5 R 5T B i XK R X
B D, HAR T G XA A MR s NO, 15 32K
A A AR K M X BH S E R . FE 2007 4E—2013 4E A, K
HR A3 AL S X 75 Yo A B A R H, HLE R Rt i X AL
F & RN LB (58 AKX, p-value<<0.05); 7E
2014 4£E—2017 4E A B W 1 T B R A, B R e K b IX
5 B X DL R s b B AR — il 1L F X (p-value<C0. 10D,

B AT X IR NO, 15 3 /7 78 B35 A 6 P 3l i 2 4%
HLIX 2007 4E—2017 4F H SE3 NO, $if 74T Pearson AH 361
TR BBk S 2B A X NO, ¥5 3 1R 51 # A 5%
P (r=0. 942, p-value<<0.0D), i E AKX 5 EEWRT B
F B R 5l A AR R A S (5= 0. 982, p-value <<
0.01; r=0.951, p-value<C0.01),

2.2 MEEY

AT R NO, V5 Y25 6] 4345 43 7 44 8 98 NO, ik
FEIKAE 5 284k A3 A R AIE s DA BT B S R E R X . BAR A
ZEth 2007 4E—2017 AEHAT] . & BT b KAESE ¥ DL R 5 B oA
X TS NO, B4 A2 4k IR #E 47 0 ) ROBE /iy A2
LR ER T
2.2.1 #EBHRFIHEAQO0T F—2017 5F)

T 38 45 X 4R 72 NO, ik BERHE 3% 1, 224 2007
2017 B ER AR, BB AKX, whIER X,
BEARFM, BEMN. AWFH, FREN M EL K E T
B4, BIRIE ACa); [ B LL 2007 48 1 R 2L, 5 30 37 58 8
7, BB IX AR XS A2 AL, NO, 4R W3k 2. DL 2008 424
FENC, FEH R Z AN HEOR CRB s, EEE, Tk,
A PO AR AL AL B 4(b)
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(a2 373 NO 153 2007 42017 T 5045 CF1 L AEH ™5 B G ML 1K) 5 (be ) s 2007 42013 AE - 93K FE B J% A 1975 6 % Cpovalue<0. 05) 5
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Fig. 3 Spatial distribution of NO, concentration

(a) : The average distribution of NO, pollution in Xinjiang from 2007 to 2017 (White box shows Wuchangshi Area); (b, d). average concentration and

relative change rate from 2007 to 2013 (p-value<C0. 05); (c, e): 2014 to 2017 Average concentration and relative change rate( p-value<0. 10)

F1 FELHMK 2007 F£—2017 £F Y NO, iRELIE(BEAL: 10° molecules » ecm™?)

Table 1 Average NO, concentration data of various regions in Xinjiang from 2007 to 2017 (unit: 10'® molecules *+ em™?)

LR e A BRAMX SRS B ATl HRE 5B 3 R — 1 X
2007 1.714 1 4.020 4 5.748 6 4.633 6 7.443 7 3.264 2 5.124 4
2008 1.681 9 4.162 3 5.909 3 5.299 0 7.352 7 3.072 7 5.555 7
2009 1.925 8 4.672 6 6.120 4 5.5117 8.661 4 3.710 8 5.915 2
2010 1.825 2 4.465 7 6.161 9 5.3717 7.547 2 3.429 4 5.979 1
2011 2.005 5 5.307 4 7.189 8 6.730 6 8.974 2 4.432 9 7.739 2
2012 2.267 6 6.050 6 7.706 3 7.312 6 11.747 0 4.835 9 10. 058 1
2013 2.250 5 6.707 3 8.482 8 8.171 3 12.539 0 5. 408 2 11.103 2
2014 2.2821 6.601 5 7.968 4 8.170 5 12.339 5 5.618 9 10.578 6
2015 2.102 9 5.353 6 6.409 5 6.268 9 7.930 5 4.685 3 7.070 7
2016 2.1311 5.274 5 7.002 2 6.481 4 7.507 2 4.093 7 6.788 3
2017 1.679 0 3.778 5 4.600 3 5.006 1 6.250 9 2.799 8 5.351 0

R2 BERMK 2007 £—2017 TEFH KB NO, #IE(EAL: 10" molecules + cm™?)

Table 2 NO, data in the main research period of 2007—2017 in “Wuchangshi” area (unit: 10'® molecules + cm™?)

iy 7 HF ®F %% RN TR
2007 2.923 1 2.660 9 4.916 1 6.070 5 5. 448 8 2.777 6
2008 3.166 7 2.869 4 4.7217 5.728 7 5.468 7 2.988 7
2009 3.456 5 2.740 0 5.282 6 7.749 4 6.524 3 2.870 0
2010 3.212 8 2.682 7 5.312 2 7.392 7 6.646 1 2.993 3
2011 3.900 1 2.979 6 6.446 9 7.746 4 7.340 8 3.301 4
2012 4. 405 0 3.4010 7.771°7 10.251 6 9.132 5 3.682 2
2013 4.745 9 3.3117 8.423 1 11.102 8 9.965 5 4.004 8
2014 5.228 7 3.606 4 6.407 5 8.851 6 7.388 3 4.109 8
2015 3.092 2 2.8319 6.363 2 8.374 3 7.273 4 3.084 5
2016 3.164 7 2.630 4 5.858 1 8.854 5 7.636 0 2.9519
2017 3.387 9 2.345 3 4.563 5 2.494 6




Bl 4 NO, REKFEHEREWL
() FEAHIX NO, 4FAE4; (b): Brii, &84 HIX NO, AF X226 XS T 2007 48D, B A9 AR NO, FHXS 2846 CRIXS T 2008 4F)
Fig. 4 Annual change of NO, concentration
(a): Annual changes of NO: in various regions of Xinjiang; (b) . / al relative changes of NO; in Xinjiang and “Wuchangshi” area (relative to

2007), and relative changes of anth enic NO; emis s in Xinjiang (relative to

5 LERAH#IKX NO,
(): &M (b A2 (o FHEMA; (D EREWY

Fig. 5 NO; in the “Wuchangshi” area

(a); Weekly change; (b): Monthly change; (c): Seasonal change; (d): Non-heating period-heating period change
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MAHT B4 X NO, 4B AR E . R 2010 Jo
2011 55 40 8 BT, 20183 £ JF AR DL 2014 S E W T
R — SOl it 454 MEIC 42 4 19 W4 1k A 8 I HE ik
4B 4 JAT UL 78 2008 4F—2014 4F ] 7 i S 44K Toll.
HETC, U H R R IR & L HEBCR E Y K CHXE T 2008 4F) , X 5
AL B 8T 5 NO, 4R BRAS AL — B R XT T 2007 4) 5
TE 2014 AR5 . Dol HE OGO AR U8 & B HEBCT R L . RE IR
RHATE 2016 FHEBES 2014 4F FEAIG 41. 95 %, 5 B i B 1k
NO, 254k UL Je 5 Bt X AR el 4 — 3.

2.2.2 LB BHEFETR

By 2.1 AT, #ioE stk NO, IS 5 139 B A i X 77 76 3%
XM, ITX S B AT E RS, BRI A
WX NO, H VB8, xhmAafe, HA2EM, AR ZFEW 2L
(F:3H-5H.Z:6H-8H.%:9H 11 H. £&.12
H—WAE 2 J1) LA BCR W 39 R Al SR 12 390 748 Ak (2 | o it KR
W10 B—WA 4 WD AT, M EdE LR 2.

AL B b DX 75 e AR AL i £ T DL 5 Ca—dD ] JE oK AH
TR s Yok NO, 75 Qi N BEm L& A2 A
3 e R ED o AL TR 5 X 2007 42016 44 2=
75 Y4 K SEAE Mann-Kendall #; 5 Fil Sen”’ s Slope # #«43#7 (Z,
B oYM AN A M ST O 3 3 ARG PH BFE L
FH#a#H(FEE p=0.000 47<a, £>0, «=0.01), HALZFHH
AT T A = R ESE a3 ERCE Y S O ¥ T i
F(a=0.01, p-value<<0.01), H RBEHIF 2007 4£—2016 4F
HEF LT (AL p=0.004 6<a, >0, «=0.01), JE
SR Wz 31 0 G 8 3 A0 A R A

£3 LBERHEK 2007 £—2017 FFEHATHE
Table 3 Changes in the main research period of “Wuchangshi
area from 2007 to 2017

£l

m HE S BHE KE X% SRR 9 gg
Z 1.089 0.000 0.623 g gE T 0.779
B 0.096 —0.003 0.132 0.3684** 0.271"* 0.0358

e ox o« CiEad 0. 01 BEMEA LS. pARMEG— N 107 hE 4%

2007 4F—2017 A (A], Hram b X NO, 75 J L 2 H
Sy BB R, HorP 2007 4E—2010 4R SR K % 0 X 2% S A
K, WA ZH7EHI(2011—2015) Z J5 . FFIG € 9005 Y
TR 5 2010 ALK, 2014 4837 58 B4k NO,
BKFHKT 18.5%, FEGRXBSE AR T
41.3% s MAFHER NO, 2 k[ B 4(b) AT L. figdiATl . T
A HE A B K GRS 2010 4R35 78.004, 45.1%) ,
AR HECE 2012 AR JE R L R Rl ds ., 5SRERALH
DL HE B RE B BUOR R 6. IR E BRI LR T 2
FURR . RO B R KL AR A 2 —, 2014 4F AL
AR E A 14 A RAYE e B Hb L 3 5 RE IR Tl HE B S 3K

M NO, EMKAEFEVXR; T A XL F R
e T BB L » 2009 4F B8 K FF R R K AL B RH A
AR T 7 Ml 5 b R R A AR A 7=l B, 2012 4E R R
WS MR REFHARIF R, FFRREE, EHTIE
JRIE , TSP HME s BEARFHRRK S5H X NO,
W f s S RETR N ATl B4R L RO b 3 b 1 R O
TR E AR Al 1L X T ) T o A K
Al T, [ 5 YLK S oo F T,

T+ IR NO, HeRE R H 8 K g . 78
2014 AR AT IR A HL X BT B B, R 2013 4R RA T
FUHH A, 2014 45 BT IR A BT M X NO, B g R R,
F 2017 4F BOKRF W B R [ 26.4%, 3B A M IX T Bk
42. 8% GHXT T 2014 42) 5 M AW HER NO, #45k &, B
Hb X RE AT L HE L B T R (2016 4F A AT T 2014 4E T R
42.0%0), B L& sl A R B A HEA TR B T E AR

13 B M X5 B AR NO, e B AR AL A AR B 4 A S
RGP R EE ST, BT E A XA F AR
BRI, RRIRLS IR £, HAZELH A HIRSFHNE
HEL . NO, 75 Y X LAY R % . 2007 4F—2016 4F 3 [A] . 2 5
A KRR NO, /KP4 23 1 EFH#B# (c=0.0D), 2016
MELAFOE AR BT KB 18 XKW\ LR, RHWN
RGP FE DL KI5 G HE ] 4 s g 2, 15 B X
NO, ¥ B 8 28 1k 2 B0 A 8 8 b i B 42, U WY K 1
AR K s A ARl 12 A0y, BBk p & 25
Yefgp N, SORBRIHEM U K SN E A EE VLR,

BT NO, V5 S MRS, £ T = RR
MR E R, Bmae =k i — B3 2R R, fEiR B
UGt FHEEAKREDE A X, HAE R VE 5 iR
G IN DA T Y S I A 3R B TR R K R B

=
i

(1) 553 TLA W 6% B i & B, 2007 4F—2017 4R
[f] B X NO, & B A8 4k 7 78 B & 2 B BE AR 4E . 2007
AE—2010 4F 18] 25 fL AN BT B, 2011 4FE—2014 4F 4 FFFHYEL
2014 AE—2017 44 FRE B B, 5 1 52 RE IR 8O /Y 28 16 DL K
KRR THW TR S RLF. 5 AN NO, 28R M 4

(2) X 55 E A #X NO, KEFEERA M.
LEAMX S S EARFTE . BT WAL RIFHALEHE, 15
eIy Ai 5 RE VR L, Tl Bl X S5 0 A BT 6 AR

(3) BELMIX NO, AZE A RA S TRP RS,
RN 2815 25 10 32 SR B8 I 0 i A B R B 3R S e 4K
2007 4F—2016 4F30] 1], SREZ A NO. K77 78 3% i BT
B, FERR RIS YW iA P B T

Brigh: BUSHE AE K 2 MEIC B 82 43 i A o+l i 84
R NASA $24E ) OMI JF 46 T8 6% B . 8058 61 &,
JA GRS TR,
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Abstract Since the State Council promulgated the “ Atmospheric Pollution Prevention Action Plan” and other comprehensive
atmospheric control policies in 2013, the concentration of atmospheric pollutants and other important pollutants in eastern China
has been effectively controlled. Along with the changes in China’s energy policy and increasing energy development in the
northwest region, air pollution also shows an increasing trend, but it has not been paid attention to in previous studies.
Compared with ground observation, the monitoring method of satellite remote sensing has the advantages of not being restricted
by area, lasting long observation time and monitoring many types of pollutants simultaneously. The spaceborne ultraviolet-visible
hyperspectrometer OMI has been in orbit since 2005 and has been widely used in scientific applications such as the detection of
the temporal and spatial changes of atmospheric pollution, the estimation of emission sources, and the assimilation and verifica-
tion of models. USTC’s tropospheric NO, column concentration product, through the secondary calibration of the OMI original
measurement spectrum and the key optimization of the gas inversion algorithm, shows a good correlation in the comparison and

verification with the results of ground-based observations. Analysis of air pollution in the background of sol. Combined with
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USTC’s OMI NO, data product, the spatial and temporal distribution characteristics of atmospheric NO, pollution in Xinjiang,
China, can be characterized. From 2007 to 2017, NO, pollution in Xinjiang was concentrated in northern Xinjiang. Among
them, the “Urumqi-Changi-Shihezi” urban agglomeration (“Wuchangshi” area) had a strong correlation with the monthly change
of the overall NO, level in Xinjiang (correlation coefficient R =0. 942, p-value<(0.01). The inter-annual change of NO, in
Xinjiang has obvious phase characteristics, which is consistent with the changes in relevant policies and energy industry
emissions: the changing trend is not obvious from 2007 to 2010, the overall average concentration in 2014 increased by 18.5%
compared with 2010, and the “Wuchangshi” area increased by 41.3%, in 2017, the overall average concentration of NO,
decreased by 26.4% compared with 2014, and “ Wuchangshi” decreased by 42.8%. Due to the dense distribution of
petrochemical enterprises and economic development zones in the “Wuchangshi” area, it has become a NO, pollution gathering
area, which has a strong correlation with Urumgi and Changi NO, changes (R=0. 982, p-value<(0.01; R=0.951. p-value<C
0.01). Controlled by the heating period’s emissions and the special meteorological conditions, the peak of NO, change in the
“Wuchangshi” area in December, and the winter pollution is particularly significant. The heating period (from October to early
April each year) has a significant upward trend from 2007 to 2016 (Significance level @=0. 01), which requires special attention

in future atmospheric governance.
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