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Spatio-temporal change and influencing factors of tropospheric NO, column density of Yangtze River Delta in the
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Abstract: The characteristics of spatial and temporal distribution of tropospheric NO, column density over Yangtze River Delta
for 2005~2014 were analysed based on satellite derived NO, column data from OMI. On this basis, influencing factors of NO,
changes were analysed from terrain, meteorology, economy, agriculture, life, national major environmental planning, and other
aspects. Results demonstrate: a) Tropospheric NO, column density increased at the annual rate of 1.04%, with the highest column
density 1184.07x10" mole/cm? in 2011; it raised 20.7% compared with 2005 in 2010 and declined 9.1% compared with 2010 in
2014; b) The spatial distribution of tropospheric NO, column density had significant change, high in the middle, low in northern
and lower in southern of Yangtze River Delta. ¢) Precipitation had a highly negative correlation with NO, concentrations for the
reason of atmospheric wet deposition. The terrain of Yangtze River delta weakened the unfavorable impact of the high polluted
area under the effect of the dominant north wind. d) Tropospheric NO, concentration had a correlation coefficient of 0.83 with the
second industry output value, and a correlation coefficient of 0.74 with car ownership. Tropospheric NO, concentration was
closely related to coal consumption and car ownership; in addition, the agricultural straw burning also released a large amount of
nitrogen oxides. Series of NO, emission control measures such as controlling amount of coal and denitration applied during the
"twelfth five-year" lowered the NO, concentration in 2012~2014.

Key words: tropospheric NO, column density; ozone monitoring instrument (OMI); satellite remote sensing monitoring;

spatial-temporal change; impact factors; Yangtze River Delta

X E R &R R B NG RN ANE YR A0 5 SN AR R A RTRE )
BV — 2 LR R e R AU A
ks BHA: 2015-11-30
JIE e, T NOL~F ML IR FOETE MO IRZN T g im0 w0 00 0 000 5 45 % 33 05-Y20A16-
P 10 BRI TINO, 5% KA HT 0001157170 5 AT (863 1) (2014AA06A508)
LAY RN TG B ORI, S R+ SefRME#, BFAC, wanggiao@mep.goven




1922 th E7

R ¥

36 %

SLAETT L5 R sl F P R S, ARl D .
UEARNO, 25 | 2 Fh IS i 7L U R K5
TG G RK AR 578 TR AE.

KIL = P 25 e JE ) R B
N HCRAFFEE, Tkl SR AL DR HERE, FE
TH B RN BT KU NO, Iz i A5

HRERE 1, A S 3 28 5 e ) BRI 20 DR 3

PR AT S ISR A I il A2 vy B
TAEAF 2R R AA I E AL H w7, 3 E RV 53 )
AR TR E T X NO, (I 46 R
A2 AR T BRE Z DSR4 )=
AP AR R [ AR X, SR T T Kt
YT 22 AN D 0T 3 NOL AR E (1 45 43 Af
AL FEIABEAT 23 AT, /3BT T T B AR PE I
A ZE ST YR T NSRS H X AR = e A4 [
VA RS ZE NO, T erET S g [
BRI AR D BT 6 = KT B NO, 5 Gy
AEREAT T2V = A P T A FR [ 22 5%
R B SCARSBE TR AT FE B ) s b A7 (R o)
KT =S PNIR TR NOL V5 IR 04T AR AARFAE
AR S e DR 232 35 I T AR D, SRR A
WS 53 () TAE ks TEREAZ SR X NO,
FEMREE . HUIE. A% FEFFRRE K AN U 2 Fh
et e, 5 1 5 Sl R PR R i S R 45
T T RKIL =AY RRL 10 FR0RJZ NO;
FEVR E (I 05k Jmy AR A, SO B AR A0 TS R R 2
N MR 2.

1 MIRES5HE

1.1 BRIX A4

AL = A P T A T o 1 OK i 2 S v U,
ST KA Z /T T8 J ) i RSP D AR i ] 25 Bt
2010 EHEAER) CRIT =AM X IRy K
L= ANETE BT . VLR AT, ek 1
ANEFETTRT 24 AT, X SRR 21.07 J7 km®,
BT 2.2%. N R B K G R
2013 “EG i N AR N A 15852 1 L4004
FE 8 A N B 11.7%. K0T = A P o )
AN IR B R H DX 1 b X b A T L R
2200 8 v N e G K I M ESB = NI E ] N T B

BEH,2013 AR RMEL A E 1 18.8%.
1.2 Bl Korik

%3P O NO, %45 2 2005~2014 4
DOMINO version 2.0 OMI XJ it J2 NO, T H A
7= i, R S e e 24 B R RS T G,
TEMIS!™ % A5, 45 1) 43 95 R h 0.125°%0.125°.
2004 F 7 H 15 H 3 E E SRR R A S
Aura HEERAUI R 45 TR F3EA T SR A I
OMLULAL RS AT 22 L 2524 5 NASA A 1R,
J&:4% GOME F SCIAMACHY Ji5 (13— A8 KAk
I3 BRI B2 BIUE H AR 8 2600km, KI5 4%
[F) 73 R SE 13km=24km, K& 2RI H 3
AN, KA B 270~500nm!' Y 2012 4
12 H 28 H Hp RS 00 i 11 =X i 4 [ i
TR SEI R ATV B AL 2 A AR AT AR
N F S B, # A 2015 4 4 H 20 HL KT
AP 128 AN L R 10
ANLYLTR T AN WL 47 A B AR KR 4
L (R4 A, BB 5/ 1 0 3000 B 2 1) 1) )
B A b IR 55 DX 3G 917 1 42 1S O

H AT TR B B2 NO, AR 1
7 1% 92 22 23 WSO 1 5595 (DOAS)! L% 4 1
FIH 425~450nm 7 38 E (RERIAE 55, 8558, 2
B i St B IR s KA e
HC BT 51 Ring ROV FBMET . % 1y oAt
AT SR TR W BC S M), 3R 1 b D 1) Jo 2% 1) A
JGEK 1) NO HE 2RI B2 AR 5 3 T S AR H i
RUTHEAS BRI 7 NO,» RHEIR B 4L,
Shy 3 AR R 0 e R R A 7 A5k
13U 2 NO A, A 2 Ak B v B (i 3k
PRI NO, FEUR ),

KA = MAPIR TR TR Hu X A2
SMVE BRI FER AR EE SRR
T B ZK G vl 5 s % (http:/data.stats.gov.cn/) 2
BT VLIRS G e, K . R
B 7K & A5 AR B R U T B R R R 3L
FHR 55 M (http://data.cma.gov.cn/).

2 HRE5SH
N T o3 MRV = A el i A B 3 LS Tl A



7 ¥

JAFRHEAE: I 10 FARVT =S PZ NO, AEWRSEIN 232240 5% i K 31

1923

T NO, 4E. F. A2 000 R AR,
%3O 2005~2014 4542 NO, 2 LA 1F
177U R 98— 2%(<500). —2%(500~1000). =
2%(1000~1500). P4Z(1500~2000)F1 1.4%(>2000),
A7 10 mole/cm?.

2.1 KIL=AYPRE NO, #E IR HAE AR 1L

HHACTL = A P2 NOL AR EE 10 R4 8
A DRTEEXHRZ NOy AR EE IR s R, 10
SEREIR PSRRI KR N 1.04%.2006 FIR AL,
k1 839.98%10" mole/cm*;2011 4F- 55 15, 4 1184.07x%
10" mole/ecm> M 10 4F3k NO, MRk Bk 5his
/N2011 4 NO, 2 W& Tl #,2014 4 [ 5k
b TR FCE AR A 2 R
E,2010 4F58% 2005 4F F Tt 20.75%;“+ — HHLK)
2RI F R 10%,2014 4E% 2010
FLFFE 9.10%.

AT =A% 8 (T XUE NO, AR
MAEAMYHEBCRE ARG 2)m] AT = A
TR L 5 EE AR TSR S v, WL LR,
IR XL NO AR il d v YLK 2,
WL I AIC R NOo AR B 24T BUX RIVE [
(19 ~F-F AL, T S A A A I s A A BB DX R

P TR BRI, P 5 AN e — X N X 2 NO, ARk
A B AR AN AT DL 22 AR A I R 1R AR A, 22
FLA RN NO, MR L2 Z A ki =
()5 M) 2 B 1), M ekt 3 R — 30k o th
NNFED AR ZE 5, T B 8GR
DX 5l A Hi S oAt 22 DR 35 ) 52 1052011~2014 4
Xtz NO, FE LR 5 F A i R
FARUFAH I ME WA 0.89, Ll 0.81,7L7% N
0.75, KT = M T B4 0.86.

1500

€ 1250

2

2

mg 1000

2 750

i

¥ 500 F

:u

S

> 250

2005200620072008200920102011201220132014
FEhr
B 1 2005~2014 KT = A NO, FEWRE AR E AL
fEES]

Fig.1 Annual average NO, column density change of

Yangtze River Delta during 2005~2014
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Table 2 Coal consumption of Yangtze River Delta during 2004~2012 (x10%)

X 2004 F 2005 4F 2006 F 2007 4F 2008 4 2009 F 2010 F 2011 4F 2012 4F

-3 5144.32 5324.52 5143.09 5259.53 5463.91 5305.17 5875.52 6142.00 5703.00
Wi 8361.83 9680.80 11334.43 13024.12 13040.94 13276.16 13949.86 14776.00 14374.00
LI 13272.08 16778.57 18427.68 19951.80 20736.71 21003.02 23100.48 27364.00 27762.00
KIT=/MM 2677823 31783.89 34905.20 38235.45 39241.56 39584.35 42925.86 48282.00 47839.00
4 224926.02  263864.85  291869.73  319156.12  334806.44  351182.33  381413.30  429000.00  436454.00
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VRO BEFTAE  S A Y ) Ay v e o 2 B
DUERF S 2012 A E ML A A HE G
N 640.0 J7 t IR EHEBUY 91.1%. H K Gt
Bl BoR(R 3):22005~2013 KT = A HHLIX VS
TR 1 482.55 J AR 2062.81 J7 %, IR
AR T 327.5% H i VLo iE 5 KA
749 .34, WL K 697.95 J3 4, LikEh 132.97 )1
. ,2009~2011 A2 KTL = A P X P4 fR
A B P LA SR A M, KT = M v R
PRt B i b 28 328 9 5 T KGR 1 N O, BIHEICHK
JEE 32 5 T B KSR 340 2005~2013 4 KT
“HAIRERAE R SNRZE NOy IR EAFE
HEAT AR 23 4 AH 0GR Bk 0.74,3X U T HL
215 Y HE R AR Z NO, (1) T 2R

%3 2005~2013 FKII=AMEERBE2(FH
Table 3 Car ownership of Yangtze River Delta during 2005~2013 (x10*)

Hh X 2005 4 2006 4 2007 4E 2008 4F 2009 4 2010 4F 2011 4 2012 4 2013 £E
[ 95.16 107.04 119.70 132.12 147.10 170.05 188.74 206.44 228.13
Wi 199.41 24421 296.74 347.31 428.12 538.12 652.58 769.10 897.36
DN 187.98 235.63 289.48 341.57 431.81 545.28 668.98 795.56 937.32
KL=/ 482.55 586.88 705.92 821.00 1007.03 1253.45 1510.30 1771.10 2062.81

3.4 ARMASFTAELEHEL

F4 20132014 FACT=AMBEFREN = K=
SEFE R IR )
Table 4  Straw burning fire. fire intensity and change of
Yangtze River Delta during 2013~20145

JOEEA) 52013 4
WX 2014 42 2;13)$ lii] B4 L PRBIEIBL Xt
(khm?)  (Mkhm?)
AF HAF (%)
ki 0 2 -100.00 244.0 0
Wi 7 29 ~75.86 1920.9 0.004
L5 53 474 -88.82 4763.8 0.011
KIL=m 60 505 -88.12 6928.7 0.005
ES 2119 4800  -55.85 1213543  0.017

B S AT A 3 7T 5 s 4 v R R i
AR FF 1A AT A= 8 2 RV ECRE () 8 k. H
I ol T Ak B AN A%, 2 A R SR 0 s R
AN 2 R = RAE W)W INE R A8 e 1)
RPREBOCEHSE . A —F k. A4k
W~ BRI SE ST G, 20 A5G 25 S0k AR
R BT KT = A W M DX b VT AR AL b TR
BER e A (R g 4 = X 2 — AT T AR
4763.8khm?, Jif 4= [E] 58 DU {7 7 VT M 30 45 4 g <t
7K =20 B MRt AR A 1920.9 khm®. 2R
355 A4 B U 1 3 S A N K e 4 T R % s R
H I I A A 45 B 0R:2013 KT = £
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IS FTAE e KOS 505 AN, FEHBLAETL
Ii,ON 474 N;2014 4F K 60 AN VLRI 53 A
KL= A M X K AN 3 2014 AR5 2013 4[]
WY Ay 88.12% (3 4). FEFFHE e A& KL = /Wi
XLZE NOy [)—/N NI AE AT 25 be T 4%
JIEIRZ 2014 4F NO, #E PR — A
BN,

4 ZEig

4.1 3 10 FFRIL=MPRZE NOy FEHR LI
(AR ALARFAE A : 10 AEAEHR FE AFE 3 KR 1.04%.
2006 EIRE AL, 839.98%10mole/cm®;2011
TEE LA 1184.07x10  mole/em®. T4E3K NO, A
WP BN /N, 2011 4F NO, 23 TH 51,2014 4F
BN A R R A e AR
FE,2010 448 2005 - EFF 20.75%; =108
R L1 AR JRHE SR bR 4 R % 10%,2014 42452 2010
FERPE 9.10%.

4.2 3 10 FFRIL = MAPRTIE NOy AR EE S
[ AR AE Ay B AP () v ABRBIRZ « FE AR
pEE 2 Sl Wy 1 L SR o N 9 I L I
PN BRI RE 5 S I T R rh O IR 2 AT IR IX 2
VU 0 e R S AR R A — ELA T
TRIARIRE KT 2005 4F NO, A E A A T
Bl /N HAE R AE il M. TE8 . MRS
Ko T /NYO L R X 35;2006~2011 4F A X 30
BT K FAEZ S T, i IR0 8.
WML BV, ma S SRR RO AR AR M
b F R PR 7S TR 52012~2013 4E =y vk S Y
gt/ FLAE PR ;2014 4F s ik X [ it — 2D 4
/I, LR BEAE A PR 3.

4.3 KIL=MAMEERKERE NO, IKE 7
FHR R R 0.84, LU TREXT NO, IR & BRI
VERD 2 VT = A e KU 3= 5 30 A b1
i P Ml AR p e T R g G ORI L
[EES AL

4.4 JERIAHICHEI N SCHR AR K IBOR B UESE
IINT, I 2 NOy ¥R 5 1507 2 & 4
TR B B A5 58 M A O R AR IA
0.83, 5YRF R AR RN 0.74. 5641 10 4F

KL= AN SRS, 7= b S ERIRIZ 1.8 £5,
PRI Sy 2 10 i U 5 4 A A Tl s A A
8 LB 2O AT o PR R, VR HE O HE S it
a BRAS L [ B e KT & NO, HERCE 38 Iy —
AN EE BN 38 M, AR P A AR e R TEOR 2 AU
A< T S T S it ) R 2 ot R I3 A
— RAVR AN HE B BHE A4 2012~2014
IF NO, W FEIK.
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