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1. 37 S0 0 R 2 b BB 22 SR i A B, 28K 5E 860054 2. FrERAEE R HIA K E A S E, HE T R XA
RERHLEE, 38 K5 860054

B F Oyt CEXEORATS Ye i+ U T M) ) S, HA R IR 8 NO, Y5 e o R T iR G i
FoR, FE5E ot s DA, Xk 7 i ) 45 80 2 N i HE AT NO, 15 Yy 25 AR AT IE o 45 2R 3R . NO, 15 YL HF 1k
BRI R R > — A > =] Bk SR — T D i R R (—11.45%); & FAE
o R )R R B B R (—9.74%). 3T 15 40k, JUER Y NO, V5 Y HLOAE 5 B R SE AR I AR X 5 5 T M PG R AR
SEFAL R AR TN BEl BT, s A B S X T e T B BT g R T BT B S B NO, T e 8 ol A s Y A
ek 3L RS2 o AU SRV A PR X R A TR B SR P i, B ERAR S B S DX K LR B A U X O A A R
SR, B R AR P IR 5 B A DX T e 1 O 1) 4 N A 9 e DR O O RTS Seh B R . A
S AT R B SRS e B i SR AR =%

REIA AR SR EOEE ;s RIS

By B T R R R0 19 AN E TR 2 —, I8 R b3 28 T Y 2 S 4T
CRWBKFHR T+ =T A ) Py, Bl f AT R ide s . Rilpg g . Jessir
lbat, AHESh K ILAbI 28 5y AR5 & e, DT 2l K L pg 8 7 Mk as o JE BRI 3 7l o )
€. Rl AL 9 ER T g N TSR H DX, IR AR 15 G dic BURE DX, R S T 28 B P
RIEIEIES, NO, I Y4 H #i 5, 7E“ T =10 W, 2 X 14 T 4 A>3 25 5 28 08T & ik 3
ER ZbriE . RINJEBA TR S B AT CRARX , Bk, KkBEifX) . BF M EHT, B
FETT) AT, LR R I g RE AR PN I T AT T B SO AR K T A R S AU R AR A HE A
SEfG, H NO, 4E 3475 YR M o [ o8 bR R 1l pg A 3 S U B3 T (RN AE e 28 0% R R 2201, AT
BT NO, i35 3L i X022 5 o Fe B S PN BUI T 58 S5 B 9 v 28 T Y A R R 5 RE ROR, T
3ONO, Ve B2 o H T AL E TR B B BT B AT A SR N BT, AR IER B, IR K IR R AR
TER I PKBEEG 2 25 S T, B EIRWRZE , NO 15 A 5 I8 . S 1820 i i NO, HE ik
H, B MAEIE NO, HEB 23 A8 AL AL

fE 2006 —2010 4%, 36 E B KAt 25 Ml K Jm . B 25 [4] J5 48 & 5F 9 GOME (GlobalOzone
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MonitoringExperiment, H[ 4= Bk &4 W5 {%) B, SCIAMACHY (Bl 14 5o 15 KA WG IR . oMl
(Ozone Monitoring Instrument, R} & 4 W i £80) 7 %5 T35 3 Jaim Ak [l %) A 0 5 i DA JEC R P4 L Ry el
R 3 BER GRS, o NO, 75 YeWF 9% 1) 8 2 45 /. TROPOMI™ Rg i i3 i 3 B i (5 B, (A H
A2 BR T B 4G, Je R AT A I P 0 0 T F T S XA SC B AE AR R, O T OMI
I B A ARAT S S A I [R] 7 51 NO, I 25 A8 AR AIE 1Y 228 T Be . 7E 2016—2020 4F, K5
TEVR BTMR [H 23 M1 (potential source contribution function, PSCF) i ¥ #% F| FH >k 15 515 YL ¥ i 15 SR AR
EWGAEIRIX T, BELLA S8 ) Y 5 1] 0508 458 1Y 72 30 56 5 2R g 3508 5 b DX 387068 88 ot % 007 M 75 e 7 A 5
Mo AR AR g5 A B2 . PSCF Nk B ACE #3431 (concentration-weighted trajectory, CWT) i
15508, BB 53k NO, 32 4 M J5 A A I ik A 52 e, A b s G il = 2l g AR IR0 5 0 P
MY G FFHANTRAE ] 51 NO, I 25 73 AT AR E AT T RS AT, B A FH 228 R AR X 3 i K 1
R AL SR U B3 T NO, HE B 25 A8 A J 22 R E SR R 2 UL .

ARBFFE LA 2006—2020 4E (1) NO, T B HE 1k BE OMI 75 63 18 J 0 RE b BE R, K i 06 4% 1F Ao
B AR DG, R S ) 00 00 A Y X AU 2 0 R SR R AT A0 0T, O SR T I A5 ARkt
NO, 15 Y F .0 AT 43 B BB B, 38 PSCF 3158 7 Bk R T NO, WEZE IR DTiik . FXF Lo b T
V00 AR R b R W N S L LA AE S B AN R S B T VS G RE AR, X L 3 2R W Oy ik i A 4
PAIA Ry 3 i 24 5 R H R X KI5 G BRIt S %
1 MRS
1.1 MRXHER

AU 5 8 23 A DA Tl el X Y B 8 R SR 5 M A X (AT RS S A X)), B
SR DN R TR T B AR R . BN B s TR . EAZ S AT, 2019 4F, BB ARFFIRIX A
M2 22682 5 K, KT 10075 A, # E BRI A E R AR HE R 53 R IT ;i v B A0 oy
20~50 T3 N, WA 31,65 TN B 25.99 TN FER#I39.3 5 N BB 28.73 1 s A HZI
T 20 7 A/ BASRT, An A 19.88 U5 Ao RN AIRIE , Z2F T ORE M, FE SRS A
REWM . G EAMX TR NE D, G4 SEZFC 5B S 4 33% LA o pe 86 b D) <
T4, HARARMUIGEE . YWy E, H AR s T R B>, B, X Tl
bl 22 53 A1 76 o2 JR 3y T L BA) 5 7 o R b IXC
1.2 HiER

AT 5T 2R N AAf 22 B R GWF 58T (KNMI) I3 (https:/www.knmi.nl/home) 3K B () OMI 4§ K 4F
J5 i 35 HY NO, #e BB s (B ) BEAT AT o A5 ] O3 B AR Oh 0.1250%0.125°, I ) B5 2 Ol 2006 —
2020 4F b 1T W00 Rk ply v [ BRI M D 3l P i AR (AR Bk DMIC, B b v s D e ) L B
Hopgm”o WA TR, 2 MG B B RORE OCE L B A — Bk . 2014—20174F 4 H 9—
20 i, FFH 22 22 0 WOOGIEH AR (MAX-DOAS) 7F 58 K S5 B h 284k T4k, AR JE R ETTAY E2
PN 2258 T R SR M WS DM o S5 4, 2 ERIAME R4 5 (Global Data Assimilation System, GDAS) H
3 [H] [ K 855 Wik o0 (National Centers for Environmental Prediction, NCEP) #£43t, B[] 25 i [7] &£ Ky
2006—2020 4F; Bk A CHrERgitr4E%) «
1.3 WMRFAE

1) w5t i AR NO, i 7 vk o Jeig B w5 P B 270~500 nm, S o> HEAR L 0.6 nm. F]
FHAEZ M e/ S 005 19 J7 1 4R B NO, B R MR BE 5 (8 FH 4 S8 4% a2 X338 NO, R A+,
A4 NO, B RHE MR B e ALy 3 BAE VR o AT o0 A, e [a] 28 4k b X B i 2006—2020 4F (19 54 11
RARSE, RN TR ETSE. Kb, FENRN3 40505 EFERe6. 7. 85 BERI.
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Fig. 1 Applicability analysis of ground monitoring NO, mass concentration and OMI vertical column concentration in different

areas of Xinjiang

10, 11 H; £F R 12 ARKREL 24,

2) M T Wy o SR SR IE OMI 3 BN (1 Sk, e 5 b A543 %) b T 000 450 5
MAX-DOAS 1 F W5 0 B4 47 %0 b o 3t 35 W B 19 4R B S 25 Lambert-Beer a2 ', i fe/h —
Fe FETL AT 3 AL WS RCHE , AR 22 20 AR v B RO ™ RS (A E St X RIS 5 3k 2 4] o 1R
N4 ) HEHOR 2 WA & . A Win-DOAS2.1 B A #E 17 G g ab B, 6% K 400~420 nm,

3) BTG o SR — IO A A3 AT 7R A TR 3 A AT, R 500 I I ) 72 £ Ay [l 0 e el
18 M Ogopeo

0 - X Y 0X— 2 I X

T ax IR - (S
K n WU AR x5 A0 NO, ¥ MH o Ogope>0 W 2 BT 2 BLSE Ik # . B 22 W) kg /0 s
oo RN IE ISHFER I B (< —FH W E (2006—2010 4% ).« = FH B [E] (2011 —
2015 4F), “+ = F ] (2016—2020 4F)) 34387 NO, [ HE 34

4) FOBUB AR AR R Y FEPE ST, NO, HE SR B O W % b X M 38 B4 K i ]
AR A R T SO SO NO, HECEE O A8 AR AE AR S B i5 e A AL R B S AR f it #, HOt B AR
K 2. 3)s

)

2. %X
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X =

n

21 ZiYi

Y= 3)
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AP 8 AR R ITR VR ;s () BH i P B BT AR RIE ;s (R) B i P s
(] BT 25 [A) P

5) IR A HURLFHIAS BT H PR AR B iy 3¢ [ B 50 R U8 B )R (National Oceanic and
Atmospheric Administration, NOAA) JF % , h BEA AN 6] 15 G Wy HE il I 04 2525 B84 U8 HAp JE 5 5h
1ox1° S BEAER L I A 6 2545, XTSRRI B JLIRTTT (2006—2020 4F) JE47 DU ERIE 704
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6) VETEIR TTHRYE . PSCF ¥ 55 BAHSS &, TS Y Wi B8 B A2 AT e I X
PSCE,, = @
AP s PSCF, e — A& i WV TE IR DTRRAEL ;s my, D — IO 47 35 e B8 32 (BB Ao B A A9 175 G B0 iy
FBG ny 2R e — W% i A I 03 o
NI D PSCF ARy — il S A HE 38 03 A AN E 1 51 AR R B w7, 3153 AR 72 I8 07 ik 23 A
(WPSCF) RIS R T e JEE B30 0B (WCWT)RY

1.00(80 < 1,))
] 07020 < n,; < 80)
Wi =1 0.42(10 < ny; < 20) ©)

2 #BR518
2.1 SREHEERUFE

D) FFRARfE . fE 1 Rl 3T 15 4F NO, T B IR E B9 21 4 1.58%10'°~28.77x10" molec-cm ™2,
MR Z B R /NIEATHE T . B8RS >A T F>8 & >RSI & >0 A1 >2 di>B 58 75> K )
SFIH . MRS NO, T B AR MR LB, <+ —To WIE NO, T B A B e, <+ = 30 la) f%
o et RN, MR i BT se 2 . FEJR ) . R0 H 5 AU SR T 09 5 B A M X 2% Sk
3 (p<0.05), O 5 5 AR AS [R] B () RUBE T 350 48 X35 1) V5 e M ik LB 25 5

A —FHAE, BT REVRAT L B Tl HE A BE KT, NO, TG B WK . AR H
I XFEEN, dCET B S8 ARFEAN) 19 NO, HEBE K B s Tra sk . Horh, e3R8 K/
HATHEF . BT (38.89%)>41 1] F (20.68%)>F 52 75 (16.86%)>F1 H (16.71%)>F /R 41 (11.97%)> %4
K% (10.94%), <+ —F Wi, A FIA X N NO, 3 5 F: e B Ak 2 K, (384530 iy 386 4 5 B A
W, WA B (-12.31%)>40 0 (-8.48%)> 5 & K ¥ (-5.29%)>1% /K By (—1.51%)>F 3¢
Ih (1.05%)>F1H (2.30%). 1% & BH b 5 36k 7 PG

B R TR s i, 5 2012 4R J5 < By #x1 FEARMEX NO, HEBUKE
EHEO AR R SR A . T HREREHE & Table | NO, emissions in different areas of Xinjiang
R T HAR, B B R KRR BRI . = = L I =t e ]

Wiz —, 2014 4FE F I8 i 3% E 4 14 e Wi B E[9787195°3 Y HERCHR I HER R
P 3 B BB A K [ NO, 3B AL (2006—20104F)  (2011—20154F)  (2016—20204F)
) ) 2

WEEAES T T MIA T —E K, w209 2428 143
WEE R TSRO, s T 1 2196 e
NO, % FOREWC I MR IR K b, A P s o7 83
T HERE J AR W (—13.589%)> 1 (—12.60%) a2 5.34 6.52 431
B 523 (—12.13%)>1% 8 K 3% (~6.85%)>4i il T 3 s >
(—4.15%)>E T (-3.99%). W1 2 F, g iR 435 5.24 4.17
WS g AT, Ik T e 447 9
W1 b Th 3 (p<0.05), HEAE 2012 4k EN ISR T U 292 322 3.2
(28.77%10' molec-em™), X Hi T 57 7 925 W5 3% (IRTPIN 3.01 3.56 2.83
1 2020 4F ik 5] B G { (1044x10°° molec-em®),  FFH 206 226 L2

fesb g, R EEL Rl M 26 .08 258




3788 EZ N D %16 &

40

+— T L =T

NO,VCD/(10%molec-cm ™)

NO,VCD/(10%molec-cm )

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
AEf

(a) JEsEERP Rk

+—F Y

NO,VCD/(10"molec-cm™2)

NO,VCD/(10"molec-cm™2)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
A

(b) FSEER YA

NG PR IA S PP AR R Z 225 s RS R ANl ) 22 57 25 (P<0.05) s AR AR LRI AL 4l ki 25
AREENO, I HERRIE s fUa thZoh B s

2 HEEM BT NO, FRRELHFIE

Fig. 2 Interannual variation characteristics of NO, in oasis-type cities in Xinjiang
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KB FE ARG - AN A8 B m G b b A, i BT AE 2013 AF IR B UEAE o A R B IR T R 2R I TE
2017 4EA IR BN (2.51%10" molec-em ™), /MU T AN T 7E 2016 473K 2]I4(H (3.31x10" molec-em ™),
WAE T = F W], Ko/ INERIR T A DG B 1 2 R R R

2) AR . HR T A K PR A R B AN ORAE IR T B, 145 NO, V5 Je WA B i o i, Rk
AENO, Y THEZE, MR 2, <t —H Wi, B2 NO, T FLA: vk B 1% 98 2 iR B e K
(-11.45%); FE<+ —F W0, 42 NO, T 15 Ak B 10 08 /0 08 3 B K (-9.74%); HAth Z= 35 ¥ <+ =
T $ T 0 R e R A bR R AR A 22 ¢ 0 2 (p<0.05).

*x2 HEXERHNO, HIHUREZLIEE

Table 2 Variation range of NO, emission in Xinjiang during the main period

(N HB#ETA HET BEE AT AR R AL
“F—FHF(2006—20104F) -0.77% 3.08% -11.45% 1.99% 2.82% 6.30%
<t hIHY(2011—20154F) -0.31% —0.98% —2.86% —9.74% —2.08% —4.35%
< = FHHYI(2016—20204F) —11.45% 7.40% —4.65% —4.86% ~7.18% -9.05%

FE 3 Al g0, X Fdbsma, HNO, e B R F W HEF A . 42 (38.90x10" molec-cm 2)>
k2= (21.77x10" molec-ecm *)># 2= (13.77x10" molec-cm *)>& 2= (10.10x10"° molec-cm?); X} T B 5 I
W, HNO,HEE#ZETHEF N . H 2 (3.36x10" molec-em?)>F 2= (3.03x10" molec-cm2)>Fk Z&
(2.37x10" molec-cm ?)>4 2= (1.89x10"° molec-cm ), X tb 4 Z= b S 3 7 A9 NO, HE R & B, 26 K
3% (24.89x10"° molec-cm?) 5 £ {1 F (18.24x10" molec-cm?) By EHE 76« +— F A A B, [H &
T 11 (13.90%10" molec-cm ) 7E <+ = T W [A] 35 B W AF, 11 e B 48 17 19 70 <+ — F0 401 R) 35 B W AE . XoF
FeA Z W5 kB, Mt e+ WA B0 . MAERK S, BRIZERE) (2.88x10"
molec-cm?) 75+ = T A RIGA B AE Ah , A pg Jb 5 45 M S 7 <+ — 10 M 1Al 35 3 04

) VG YY) EENRIE . B4R, IE 15 4k, bR i HE T E O R T TE S8 R AR BB
R 1K 55 B N PG R RS A A SR AR M B B, T E 5 DX R 1 e s O A A Tl R R
A58 Ry BT o 3 T BRI

Nt DTS BRI AL, B R ) TR O 52 A s X AORT I S BORE  , BOE 2 4
IF B RUBE (3 4 FN 5 4F) 2K 43 Bt 2006—2020 4 AN [A] I [A] )R N {5 Qe S0 i B8 fb g Ol o DA 3 4F R It
] RUBE BRI 98 25 R R T, 2009 4F, 75 & AR FEARAR XA T H R P A AL Tk b, SR
] 5 M I R 520, 2009—2011 45 2006—2008 4F A8 Fb 2 0, Jb A ys Y .08 6 L
J5 T KR L& AR F RIS X GEIR) #H . 2012 4F, HEHFER T EREREFHAFRIX, ffi
13 2012—2014 4 09 3T 15 Je F0 I AR L 5 1n) B 5 NP M FR 6 % o 2014 4R 5, AR B H 8 3 I
B 14 A R BUIE R BE Y 2H R4 . BRI, 2015—2017 4E 3% X v Je FO w5 m RS, Jf
LA B AT R AR (GAIR) 5 8w NG R ae A H R & Tl . 2018—2020 4F, db
G R EOHIERZFHARTF L X W, MimmEOKBER RS Amdt ymgshh £) .
LIS A R i) RUOBE I oE 25 S 3 B, R Ll DA T e — 0 B R 1975 Y 0 0 R 7E BB AR AR
FAFRRB X GAIR) , A< AL I M) e O [ AR e R R X, e = 3 [ 4k
S AR A TT I AR RS o T P 3K T 7 ¥ G RO 4 A A7 OO0 DU ER ORI R i DX AN B 1 P I 1) R e 5 T
. i BTk, 3154k, WFFE XIS N TS Yo d 00 D sl A 25, (R ER O B8 e 3 1) A6 56 — ™
b R & X 2 B .
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Fig. 4 Variation characteristics of NO, gravity center trajectory in oasis-type cities in Xinjiang
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1) H S XA R . NO, 5 Y AN AAZ B A b 75 Y Y5 HE BRI 520, 34 527 31 & 30T Hh X 35 X
WA R P, 25 T R 2R XA X NO, 15 G 152, 500m%3.%3r§, 48h Ky
JEREEWART, X4 6 AR, B KRBT LG ARG L, 87.58E. 43.83N) I Tl
WOTT R E (B, 86.14E. 41.75N) MK, 43HTiE 15 455K NO, ¥5 JL i < A A2 f i 52 m . BT 5
AL, AEAR IR A G AL R g R, dRER ) U 2R DI EE B O 32, PEIR AT iR .
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Fig. 5 Cluster analysis in recent 15 years



3792 ok L B ¥ W Fl6 &

HE, BFEFORLAYE . EFEFHKE, WAL G RK, RERRR IR WS
W, MAERFSL&ZE, RIS RK, FERRIED B A5 N HERX .,
2) T b DR B IS V5 B RE B A o BEIR MDR IR WT, me st DL g o 3, JE s LA i
B E. AR, EIEFE T, NO, @R A AR, 2 sk 2 m A K, WA A PSCF £
HEATIHEE . dLHE A WPSCF ¥ 76 U5 X (WPSCF>0.5) 32 2 43 A7 £ 7 9 th & 5 79 b 5 il , A48 NO, ¥5 44
T Tl Pl (X S5 B v 14 1% B A S Hb T R ) WPSC 75V X (WPSCF>0.5) &= B33 78 Toll % Ji&
BCTR B R 55 BT S IR X R A B B TS Y VR FE AR S 2019 AR R EUE BEAT XS LG, S — B
Bl M A A LH—1 A 27 H) ;s BB A SAMAERE I (1 H28H—3H
4 H) 5 SB=BrBoy<shBifmA - BT B . L
(&;55—7H16H);%Ewﬁ@§%%ﬁﬁi *3 ZREIEENENO, EREE
Table 3 Increase and decrease of NO, in different stages
(7 H1TTH—-9H1 H) o Hie 3mSR 15 A before and after the epidemic

BN IR A A H A [ B N
JRERE — B B ARISE, RRBTBINO TS “pppepin agor ams Ao Uk bk i

QgL MBS, o, 5 pr B A S AR
A48 A7 S0 I M i R o 3 10 L 1 30 1 42 oA
R RS i Bl W B B A

3) i NO, 15 Y M1 A g HE IR = 1] 97 L

H—Hrbe 043% 0.26% 0.56% 037% 0.04% 0.69%
FBHE -0.58% —0.08% —0.26% —0.75% —0.13% —0.26%
9 =BrE —-0.38% —0.03% —0.17% —0.08% —0.06% —0.1%
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Table 5 Industrial structure of different types of cities
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Fig. 6 Comparison of urban satellite data and seasonal monitoring data on the northern and southern slopes of
the Tianshan Mountains
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Temporal and spatial variation of NO, in oasis cities in Xinjiang based on
hyperspectral remote sensing technology

CAO Yang'?, LI Yanhong'**

1. School of Geography and Tourism, Xinjiang Normal University, Urumqi 860054, China; 2. School of Geography and

Tourism, Xinjiang Normal University, Xinjiang Arid Area Lake Environment and Resources Laboratory, Urumgi 860054, China

Abstract In order to promote the implementation of the “14th Five-Year Plan for the Prevention and Control
of Air Pollution in Key Regions ”, and to control NO, pollution in Xinjiang more effectively. Based on
hyperspectral remote sensing technology, combined with ground monitoring technology, this paper studies the
temporal and spatial changes of NO, pollutants in valley-type oasis cities in Xinjiang. The research results show
that: (1) The overall characteristics of NO2 concentration are as follows: “Twelfth Five-Year” period >
“Eleventh Five-Year” period > “Thirteenth Five-Year” period; the largest decrease (—11.45%) during the
"Eleventh Five-Year" period in autumn; During the “Twelfth Five-Year Plan” period, the winter has the largest
decrease (—9.74%). In the past 15 years, the center of NO, pollution concentration in northern Xinjiang was near
the Ganquanbao Industrial Park at the junction of the southeastern suburbs of Urumgqi and the southwestern part
of Changji Prefecture, and the concentration in the study area of southern Xinjiang was near Aksu City. The NO,
concentration in Xinjiang is influenced by both local sources and air mass transport. The potential source areas
of northern Xinjiang are mainly distributed in the central part of Xinjiang, mainly through Wuchangshi and other
areas. The potential source areas of the southern slope of the Tianshan Mountains are mainly distributed in the
southern part of Xinjiang, mainly through the Korla and Aksu areas. During the COVID-19 epidemic, the
control of man-made pollution sources has played a significant role in air pollution control. This study can
provide data reference for the prevention and control of air pollution in Xinjiang.

Keywords hyperspectral remote sensing; oasis city; center of gravity trajectory; cluster analysis; ground

monitoring
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