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Fig. 4 Annual average NO, column density distribution during 2005 to 2014 of Beijing-Tianjin-Hebei region
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Table1 Change of annual column NO, density for each cities of Beijing-Tianjin-Hebei region during 2005 to 2014 /(1013 mole /sz)
20054F  20064F  20074F 20084F  20094F  20104F  20114F 20124F 20134F 20144F HfE
TRAH 166.10 236.71 261.93 241.90 359.26 363.44 308.02 386.44 294.45 309.81 292.81
kRO 298.14 363.69 387.65 341.02 477.95 500.07 493.49 519.98 391.68 374.77 414.84
ZEL 720.08 982.67 1087.31 958.94 1202.10 1246.17 1419.46 1325.12 1190.46 1401.19 1153.35
e 859.41 1156.18 1178.42 1030.61 1284.84 1379.68 1469.91 1413.95 1440.14 1152.68 1236.58
Jbat 1073.78 1350.58 1368.07 1069.80 1508.05 1490.61 1269.02 1422.86 1300.92 1222.75 1307.64
beghl| 1037.84 1287.86 1380.62 1160.40 1416.26 1588.86 1703.87 1681.90 1499.56 1390.34 1414.75
figak 1098.56 1276.96 1348.58 1274.02 1478.47 1550.98 1817.18 1660.46 1597.89 1340.86 1444.40
23 1251.25 1487.32 1571.14 1370.64 1718.86 1810.68 1851.86 1880.41 1728.05 1675.07 1634.53
JEIL 1123.84 1475.92 1634.67 1462.61 1732.85 1929.68 1956.73 1865.20 1774.14 1962.78 1691.84
i 1339.17 1541.19 1618.36 1526.55 1830.15 1964.18 2160.76 2000.06 2114.03 1661.49 1775.59
PN 1317.23 1630.95 1765.48 1513.96 1868.67  2066.64  2069.32 1900.79 1812.41 1882.07 1782.75
AFRE 1363.40 1687.28 1729.29 1527.29  2072.38 1986.39  2306.54  2046.15  2195.71 1669.17 1858.36
Jij iy 1552.71 1662.09 1879.58 1748.48 183546  2186.82  2425.84 217523  2389.71 1742.06 1959.80
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Fig. 8 Various industries statistics of Beijing-Tianjin-Hebei
region during 2005 to 2013
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R2 2004F 2025 FERFRIHEE
Table 2 Coal consumption of Beijing-Tianjin-Hebei region during 2004 to 2012

/T3t
Ay
HIX
2004 2005 2006 2007 2008 2009 2010 2011 2012
et 2939.41 3068.97 3055.67 2984.67 2747.73 2664.70 2634.62 2366 2270
K 3508.57 3801.45 3809.31 3926.70 3972.77 4119.65 4806.79 5262 5298
b 17073.96 20542.39 21345.42 24548.51 24418.62 26515.81 27464.72 30792 31359
Ty 23521.94 27412.81 28210.40 31459.88 31139.12 33300.16 34906.13 38420 38927
ENE| 224926.00 263864.85 291869.73 319156.12 334806.44 351182.33 381413.30 429000 436454
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R3 20055 20B3FRERAERFE
Table 3 Car ownership of Beijing-Tianjin-Hebei region during 2005 to 2013

L]
QY
Hi X
2005 2006 2007 2008 2009 2010 2011 2012 2013

Jese 206.04 235.25 269.19 309.15 363.74 445.13 465.65 488.56 511.85

T 66.23 77.64 91.40 106.39 128.66 156.79 189.19 219.49 259.90

|4 190.84 219.91 260.38 299.91 390.43 486.86 600.56 721.55 810.25
T 463.11 532.80 620.97 715.45 882.83 1088.78 1255.40 1429.60 1582.00

4.5 RAFEFRLEHE

FUET M X, b Rl tE EE R, b
TR L FEAR /N o T A6 AE S 4 R AR
Xz —, A HHbE%6317.3x10° hm®, JE 4 E 4
407, TR AN SEZES, RIEYFIEE
Z ., WAL B E, REEYFE SR .
B %, TR, AT KRS m, %
ARV IR B QRS FF B A AT A 15 2 8 AR U 498
Bo BT, FFFOBRAR R, SAFHRIER
L R ARRE . BB R CEIN, FEFT

e = P RCR AR Y, AR ER
T AR KI5 Qe (RS 2, 2009), FRELF I E S TR
T2 JEG A I B T A 4% LA 110 B 37 10 A A A 4
TR (FR4): 201 34F USRS 58 be A SOk
2104, FEHIAENIL, 5202705 20144 K
1084, Wb 1064 . HUHEEFLHD X K 24~ 4K
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T4 013F204FFEHEFBEFTREN AL, NERERIERIEE

Table 4 Straw burning fire, fire intensity and change of Beijing-Tianjin-Hebei region during 2013 to 2014

Je 15 )
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A T TS Y HE R TR AR 2
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Spatio-temporal trend and changing factors of tropospheric NO, column
density in Beijing-Tianjin-Hebei region from 2005 to 2014

ZHOU Chunyan, LI Qing, WANG Zhongting, GAO Yanhua, ZHANG Lijuan, CHEN Hui, MA Pengfei,
TAN Chang

Satellite Environmental Center, Ministry of Environmental Protection of the People’s Republic of China, Beijing 100094, China

Abstract: Using satellite-derived NO, column data from Ozone Monitoring Instrument (OMH), we analyzed the characteristics and factors
affecting the spatio-temporal distribution of tropospheric NO, column density in Beijing-Tianjin-Hebei Region from 2005 to 2014. Results
demonstrated that (1) tropospheric NO, column density considerably fluctuated on the temporal scale and increased at an annual rate of
3.35%, with the highest column density in 2011; NO, level increased during 2005 to 2011, ignoring changes in 2008, and decreased from
2012 to 2014.(2) The spatial distribution of tropospheric NO, column density significantly changed, with the lowest distribution found in the
northwest part and the highest in the southeast part. Tropospheric NO, column density was low in Zhangjiakou and Chengde in north
Beijing-Tianjin-Hebei Region but high in Beijing-Tianjin-Tangshan and Shijiazhuang-Xingtai-Handan.(3) Beijing-Tianjin-Hebei is surroun-
ded on three sides by mountains in north and is not conducive to NO, distribution. Precipitation exhibited a highly negative correlation with
NO, concentration because of atmospheric wet deposition. (4) Pollution sources were highly determined by industrial and energy structures.
The tertiary industry is dominant and increases steadily in Beijing, where coal consumption is low, but car ownership increases 1.5 times; as
such, the main source of NO, in Beijing is motor vehicle exhaust emissions. The second industry of Tianjin is slightly higher than the third
industry; in this area, coal consumption is twice higher than that in Beijing but car ownership is only half of that in Beijing; thus, industrial
emissions and motor vehicles are a common source of NO, in Tianjin. A high proportion of secondary industry is found in Hebei, where coal
accounted for 80.6% of that in the Beijing-Tianjin-Hebei Region; hence, Hebei industrial emissions are the main source of NO,, although
vehicle emissions have increased with increased vehicle ownership in the recent years.

Key words: Tropospheric NO, column density, OMI, satellite remote sensing monitoring, spatial-temporal change, impact factors, Beijing-
Tianjin-Hebei Region
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