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Ffy TR AWE EE EhR it
2006 1136.0 387.8 - - 1523.8
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Fig.3 Annual average tropospheric NO, column density distribution during 2006 ~2015 of China
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Table 2 The change of annual tropospheric NO, column density and NO, emissions statistics for each provinces of China

. X JZ NO2 FEHEE /10" mole « em ™2 RAALY) HE R /7
s 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 F¥y 2011 2012 2013 2014
HHF 465 393 441 547 559 523 60.0 675 661 684  59.1 55.8 12.4 12.6  13.2 135
PURE 483 447 479 627 60.7 588  67.6 722 712  70.3  63.2 60.7 4.1 4.4 4.4 4.8
BrdE 574 560  61.8 665  67.3 742 843 914 967 850  63.9 73.1 75.5 819 887  86.3
Hifr 822 756 772 825 852 935 1120 1153 1129 1046  90.3 93.8 48.1 47.3 443 41.8
W5l 67.6 793 858 850 939  97.8 1244 131.8 1088  99.9  92.9 97.0 1422 1419 137.8 125.8
=W 987  97.0  96.6 103.9 1056 1012 1122 1179 1251 1162 1053  107.2 54.9 544 524 49.9
W 1175 952 1211 107.9  100.5  99.9  129.0 1117 1285 123.6 10L.7 1124 9.5 10.3  10.0 9.5
MUEYT 917 1124 102.2  119.6 1061  113.5 137.2 127.0 130.0 120.6 113.0 1158 78.4 78.1 752 73.1
JOPE 1669 167.4 1815 1858  177.1  186.6 227.2 213.3 200.7 1985 181.3  189.7 49.4 49.8 504 442
puIl 1646 155.6  161.8  177.5  189.0  213.8 210.8 230.0 2389 222.6 193.1  196.2 67.5 65.9 624 585
w1802 169.0 1916 1827  179.0  180.2 229.8 221.8 208.6 224.2 198.0  196.8 49.5 46.7  43.8  41.2
B 1720 1849 1850  180.2  200.3 211.7 246.6 238.2 2457 208.3 1651  203.5 55.3 56.4 557 49.1
SRR 1619 1933 193.4  203.2 2211 2427 237.6  199.5 217.0 231.2  206.8  209.8 60.5 57.6  56.1 54.9
FHE O180.2 1814 2016 1925 2144  230.9 333.7 326.0 286.6 2482 187.0  234.8 45.8 45,6 43.7  40.4
YLPY 2444 2262 260.6  251.6  257.0 277.0 372.8 337.2 299.6 312.8 253.9  281.2 61.2 577 57.0  54.0
WiE 2387 2243 2642 2731 2787 291.5  520.2 322.1 315.0 299.9 267.3  299.5 66.6 60.7 588  55.3
WK 2695 2801  255.8  269.2 287.8 336.7 3717 3515 3585 52 265.0  309.2 40.3 38.3 362 355
A 3825  353.9  354.6  343.8 3285 327.5 3389 3223 297.9 319.8 2942  333.1 — — — —
B2PE 2604 2609 294.0 2921 3085 358.7 4351 421.7 403.6 3643 303.6  336.6 83.2 80.8 759  70.6
A 4107 393.8 4371 393.3  373.2  393.3 429.5 3941 3851 357.2 320.9 389.8  138.8  130.3 1204 112.2
WAL 341.6 3112 370.3  368.0 369.3 443.6 583.8 504.5 469.3  444.4 358, 414.9 67.0 64.0 612  58.0
I 3553 4439 4811 4829  536.9  613.7 5625 5684  611.0 5867 491.8  521.3  106.3  103.6 955  90.2
Wil  608.8  573.9 646.1  603.9 623.8 670.9 841.0  697.3  658.3 5.8  498.0  641.6 85.9 80.9 753  68.8
WWPE 572.3  614.8 7134 6615  647.6  763.8  936.3 8837 877.8 7004 6117 7257  128.6 1244 1158 107.0
B 657.5  608.5 751.0 747.4 7153  808.8  992.0 1006.1 942.8  776. 635.6  785.6 95.9 92.1 86.4  80.7
EE 8084 7510 9914 936.3  947.0 1070.9 1227.6 1157.7 1180.8 883.6 713.7  969.9  166. 162.6  156.6  142.2
WdE 7539 930.1  993.0  889.6 11051 1180.2 1259.1 1211.6 11684 10269 890.1 1037.1  180.1  176.1 1652 151.2
T 12290 1176.0 1071.0 1270.0 1107.0 1071.0 1216.0 894.0 936.0 864.0 541.0 1 034.1 — — — —
LA 1050.9 1036.8 11919 12857 1243.9 13458 1477.4 1299.0 1371.6 1211.0 955.9 12245 153.6 148.0 133.8 123.3
HE 1421.0 1522.8 1345.8 1545.8 1259.5 1100.0 1377.3 1073.0 1098.0 1067.5 1074.3 1 262.3 — — — —
Jbst 1079.8 13583 13751 1075.2 1512.2 1494.7 12754 1429.0 1309.3 1226.5 1108.9 1 294.9 18.8 7.8 16,6 151
1% 10055 1096.2 12139 1177.1 12225 1462.3 17327 1553.3 1572.7 12923 1087.8 1310.6 179.0 173.9 1651  159.3
KHE 1312.8 16269 1763.4 1509.9 1862.3 2061.3 2065.8 1896.6 1808.4 1877.3 1542.1 1757.0 35.9 33.4 312 28.2
M 18369 1833.0 19225 2116.9 1991.7 2011.8 1910.1 1775.6 1891.7 1640.3 1504.0 1857.7 43.5 40.2 38.0  33.3
e E A A (T DK U4 Ak ) HE 30k 5000 o T8 T v A N R L [ FR B AR 3 2011~ 2014 4F 4 [ 5 Yo i S HE S A

L LW EE 29 9.2% . 42.7%.48.1% . MR K ik E 5 AL X
a B PEAL 25 R R AR FEAE 1 2 ¢ 7 ISR b E 5

4.1 EFERREERFLLER BroK P 22 B LT, Ak 7 M AILAS , B A m FE RE 5 15
fE U5 77 Ml 5 4 2 52 M) — > M X PR 5 Y E 5 7l be R i R FR R BB R) R AR A

ESSUR R S
P ALY b A 7 U BOE Se i B (B 5D E
TEER L A 2012 AR L RS
— 7By SRy 5 2014 AR S — L L =l T 4 )

A EE R R = —

KL PR I 1 . RS R

A A R E 2 T

bR R R L B L =l

PEMEE L BT IR R U BT SR
Qe R ai R . I
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W 75 Y HE RO T A e TR Ll e 9, X B

HEH RS R L A8 R G R RO R 2013 4EFR[E
B VLI B 45 F O R 66.0%0 . A I 18.4% L KRS
5.8% K HL A HE XU 9.8 % . 8 [ 0 4 A B I Rt
A E T FREE W BN S ek, 3 AT HAE
SR 3k [ Bl VLG B 19 00 B 45 4 < 4 e Tk AR
FEREIRIA 2014 4Tk [ 05 0 6 o5 1 550 2 00 6 Bk 10
50.3% o2 S F 85 K B S B L AR NS
Yol 2 19— Fh AR UL 45 SRS AR T AR KR
it 2 T ) 2 J L Tl 2 7 AR R T
FEREZE I 15 e Wy HE R B 0 T 23 S TS
H L A5 B AR A A B . % 2005~ 2014 4F T R KR 14
X Z NO, e 3 AR 30 277 AR 1 43 BT, A
X R 0,913 A J1AEE T Tll HE R Xt 37 J2
NO, FEe B ) Tk

e [l T B0 77 Ml 425 Mg ke T A e g e T
e P B T AT T R R R I R B 7
R E TR A RE U RE B R . FRIE A R
PR Pl s T T 1) R DUBEAE S 2 RE U L T

A TR E TS QY HEEOK Y S g TR AR B R
I, R KRB B KA B AL YK B AR
X2 NO, W B LAk T8 LLUER Tl 2y 3 00 77 Mk 45
TSR AR A Wah g U R 0y 25, B T R
Z o Kk AR IR, TT & B ARRR IR , SE AL S e R
Z 8] A% G RE W5 R T R I 2 18] R AR 45 o R o T 2
S, DU S5 B RE UR 25 44 i AR
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Fig.5 Various industries statistics of China during 2005~2014

F3 2005~2014 FHEBRFEEFELDERGE (BT HRAER)
Table 3 Coal consumption of China during 2005~2014 (Unit:ten thousand tons of standard coal)

Eist 2005 4F 2006 4F 2007 4 2008 4F 2009 4F 2010 4F 2011 4F 2012 4F 2013 4F 2014 4F

I e 189 231 207 402 225795 229 237 240 666 249 568 271 704 275 465 280 999 281 160

A1 46 524 50 132 52 945 53 542 55 125 62 753 65 023 68 363 71 292 72 846
REKA 6 273 7 735 9 343 10 901 11 764 14 426 17 804 19 303 22 096 24 282
AKHL A HL XU 19 341 21 199 23 358 26 931 28 571 33 901 32 512 39 007 42 525 47 712
M 9 B 261 369 286 467 311 442 32 0611 336 126 360 648 387 043 402 138 416 913 426 000

4.2 MBETEMHARN

BL 3l 72 R CHE R 32 2895 e My f o B S Ak &
Yy R — A N 2 ORORE ) L R 3R [
2 TG e BRI i UK 3R TR T A A I 55
S XS R ARTT Qe R A . i TALBh 4 R 2 ATk
TEN 15 B DX X 26 75 e W 06F N 1) P 18 2% 9
MR I Al R A R B & R i AT &
A f -

Bt A T I 22 b o i A T Al A TR
R BB A AT B B s g S H, 3R ki & O T
BB AL B 4 R R S 15 B iR BLBh
R TG QA R85 25 R B9 20 $H RN 4R T A
T R AR B R RN R, I, Rk A
T [ B K FT G LB 25 1AL LA LB 48 42 TR Sl
THAE 142 1.5 42 oo B Bbali R RSB T B
Ko AR ZE RS AN TR AR A TR HE b HE ) 22 40 75 e

PrHEBC TTIERAS [R5 DA b B 8l 435 Gl B YA A R
AR L B 4 (R 6 7R 4 VB T 4 e Hofh 2 A
M ZE 50 75 e B R LTIk, b 2014 AF 4
ML 4 R B W HE R N 627.8 J1 . Hod ik 2 HE ik
578.9 71 t.15 92.2% . ERGIREE BR (K 4) .
2005~2014 4EFLEVR AR A &= 3 088.04 J7 i3
JNE 14 45217 TR T 368% . Horf, I ARA
MR KA 1 104.35 . T ARA IR Ry 959.71 71
5 TLIRE R 900,32 T4 . UL AN, 3R VR A HERR
T B3 G G VR TS T RO B o e NOx A HE e
JEE A28 5 T RO K P 2005 ~ 2014 4R R
B S X2 NO, Bk 4R Y E a7 M
KoM 3T L A O BB K 0.77, AT RN ML Bh 4575 Y W HE
WX HZE NO, IHE AN,

St AL 8 A A A W S S A i — 2P R AR AL
B il A BRI PR WA 5 R S5 A G ERT
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x4 2005~2014 FHERBHE (T X)REREE(RM:TH)
Table 4 Car ownership of China during 2005~2014 (Unit:ten thousand)

[ 25 TG ¥ UK e 75 B B bR A 2 ML B 4 7S e B A Y

A AR AL 4 R THE RO R R BT

IS
=,

b X 2005 4 2006 4F 2007 4F 2008 4 2009 4F 2010 4F 2011 4F 2012 4F 2013 4F 2014 4F
TR 239.29 290.02 347.99 412.07 548.71 700.54 845.13 1020.77 1193.07 1 343.64
'S 366.28 421.37 496.36 563.57 653.62 776.83 905.27 1031.46 1171.28 1.325.99
T 187.98 235.63 289.48 341.57 431.81 545.28 668.98 795.56 937.32 1 088.30
b RAN 199.41 244.21 296.74 347.31 428.12 538.12 652.58 769.1 897.36 1 007.55
e 190.84 219.91 260.38 299.91 390.43 486.86 600.56 721.55 810.25 924.10
T 148.05 173.17 203.54 239.56 313.02 395.65 496.55 577.1 695.62 915.71
epll 136.52 155.47 181.5 216.39 282.08 352.05 418.97 489.85 569.49 663.35
et 206.04 235.25 269.19 309.15 363.74 445,13 465.65 488.56 511.85 525.83
LT 132.01 154.65 166.59 188.88 239.2 293.09 353.01 410.85 453.43 516.56
iR 77.43 90.19 107.11 130.22 166.18 209.45 256.36 306.16 364.71 432.06
FE 3088.04 3605.91 4 250.01 4964.98  6213.69  7721.68  9266.35 10 837.74 12 572.38 14 452.17

4.3 RAUFEFREHR

Bl B AT A 1 KT i 4 R SR i RO
A R AT AR 3 25 08 R UE ) R kL. H AT, B AT
Wb BRI AR A PR E R D R R B . B
KV 2 R AR P WA 1) B % T B 58 1) 2 S0 R K
%5 R — A Aemk A AR R A FE R AT
YL, o P8 s Rk AR s e FR AT Bk Ml T
BUEA 112 738.2 T hm”, E PE KN DTHE T 4K
v EEEE A PR ORI Al T AR R I A e

THAI A5 M iz 2 10 B0 7 30K Ak A 25 2R R (R 5) .
2013 4% 5 25 [B F5 AR A8 e K AN H0Ckh 4 800 4,
2014 4E K 2 119,2015 4EK 1 158 4>, 2015 4E#¢
2014 A [E] Heug 2> 961 4L g MR ok 45.35% . b (BB
T oS L I TE A 4 8y K BB 2014 AR [R] L
AT B0 e ) SR VAR B R O s AR 6 B IR
2014 4[5 Lo 1A B i b o U R 22 B 1 L ) R A
38 KB MR W A R b op [ 2
NO, #E#H = — P EE AN,

£S5 2013~2015 FEF P EBFREBENGE K S8 E R IEEEE
Table 5 Straw burning fire.fire intensity and change of China during 2013~2015

i KRB/ A 5 2014 4] 4 b 7T £ K B
2015 4E L F 2014 4EHZFE 2013 HEHE HHLE/ Y% /10% hm? /A~ + 1073 hm?
) 512 815 1322 —37.18 10 209.8 0.05
e 196 106 202 84.91 6 332 0.031
AR 185 230 588 —19.57 7 440 0.025
BT 33 1 30 3200.00 11 696.4 0.003
LR 32 644 1773 —95.03 6 628.9 0.005
utply| 29 34 42 —14.71 6 467.4 0.004
i) 28 25 19 12.00 3 286.4 0.009
i) 23 31 17 —25.81 3 076.5 0.007
SE N 21 16 20 31.25 5651 0.004
gy 1158 2119 4 800 — 112 738.2 0.01
5 % & NO, FAEAAE B, A 2R A 4 o8 HE 4 I o 2 e S AR

X2 NO, HE B N B AR5 A
ARAFE A W 58X 302 NO, Ak BE (9 REAE K 3 i (R
RAAHEMHLE AT TR E+—4FK

i o AR SRR AR 3 R WL AL e, AR A T
UE A ) R E X R NO, A B s AR AR R
FEMEHERR 1, NZRBE BB % G AT BE b B 3R DA i 45
ZATTH T T NO, AR N 458 IF
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(1) 375 11 P EXHRZ NO, #: ik B B 8] 25 1k
FEAE R 2 2005 4F ¥ BE 1K, 2011 4F fi /. 2005 ~
2009 4 BE I 2h #5/ H 9298 18- 2010, 2011 4FE FF
RS K, 2012 4E %8 2011 4 BT F M, 2013 48 5
2012 4F 45,2014, 2015 AFHrLe KIE T %, “+ —
FRL R AR AL A 2R MR E 2010 AR
2005 4E E T 31.0 % 5« 7 M0 R B9 24 HpE ek HE FE
PN R 10%,2015 448 2010 4E TR 17.4 %,

(2) 35 11 FHEXHZE NO, Ak 25 (8] 48 1
FRAE R WP N O, FE v B 85 A X 3 240 A7 7E 5t 7t
SN R TR N ST N s [ N TR S it e 5L S
AR DX = A b R R < AR S L A b AR
FEi NI R N 7 TR N < i [ s SRS U ol S (5 L )
ANV R B R VR B X, R NO, A VR B S
B Aok AR b 2 3 L G Mk B 43 A TR 2005~
2011 AF 5 2 BT, 2011 4R T AR KO 37.2
i km’,2011~2013 4F i 8/, 2014~ 2015 4 2
BT B, 2015 FREARE] 6.1 J7 km” 5 UG ik
JE o AR E AR AR W B BN S i B RS
FHR KRB

(3) FE VUM Hr s HoR sl s/
L RIEVL )P D] AR 11 AN (KO X )2
NO, #E# AL T — oK Horb & i — B E ik
JERARMAE s L R EE A kT X 2 NO, A ik
JEAL F G W B KT IR B F W LT IR
1A AR (L IXO) Ab T PO 2 kR KL Hop
X2 NO, HEW BT 11 ¥ E N 1 857.7 X
10" mole/em?” o 2 H FE Vi B B e 30T 5 L 2R X O )2
NO, FHEW BT 11 4E38{E 8 1 310.6 X 10" mole/cm?,
S P VR B I A 5 R SRR A ) — 5 oK
-, HG YRR LN IR

(4) 388 AH 5C M 43 Bt L SOk B [ 58 BOR B IE 5§
G0 KB NO, 172840 558 77l A 77 SE AR G PR
AR 5 BER AR AL 72 Ml 25 W B AR AR — 7=l e B A
RE A AR AU AL AL 1% HE R gt 5 < SR R 0 v i e 1Y
AEUR 45 P2 23 NO, WER @A T — A EZE
J B R T T KT BE R D AR R R A 25 R s L
B ZEARAG da PR HG I, VR AR o B S R AN T E B
KI5 NO, Hefl 8ok,
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Spatio-temporal Change and Influencing Factors of Tropospheric NO,
Column Density of China during 2005~2015

Zhou Chunyan.Li Qing,Zhang Lijuan.Ma Pengfei,Chen Hui, Wang Zhongting
(Satellite Environmental Center sMinistry of Environmental Protection

of the People’s Republic of China ,Beijing 100094 ,China)

Abstract: Based on satellite derived NO, column data from OMI, the characteristics of spatial and temporal
distribution of tropospheric NO, column density and its impact factors over China during 2005~2015 is an-
alysed.Results demonstrate: D Tropospheric NO, column density had a small fluctuation during 2005-2009,
and had a larger increase during 2010~2011,and declined in 2012 ,and had a sharp drop during 2014~2015.
@The area of the high tropospheric NO, column density changed significantly during 2005~2015, the area
of the highest level had been on the rise during 2005-2011,and reached a peak with 37.2 million square kilo-
metres in 2011,and kept stable during 2011~2013,and dropped sharply during 2014~2015,and shrunk to
6.1 million square kilometres in 2015.@ Tropospheric NO, column density over Shanghai and Tianjin was
highest and in the fifth level.Shanghai is the city with the highest NO, concentration of China,and Shan-
dong is the province with the highest concentration of China. @Pollution sources are determined by the in-
dustrial and energy structure to a large extent. Atmospheric environment should be improved by optimizing
industrial structure to reduce the proportion of secondary industry.It is an important reason for high NO,
concentration that is long-term dependence on the energy structure of coal high pollution,and is urgent to
develop new energy to replace coal fuel.Other reasons for NO, emissions increase are the rapid increase of
the number of vehicles,and vehicle standards and oil dropping behind the international development level.
Key words: Tropospheric NO,column density; OMI; Satellite remote sensing monitoring; Spatial-temporal

change;Impact factors



