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Analysis of distribution characteristics and influencing factors

of air pollutants in typical coastal cities
XUE Yan,PENG Zhang’ e” ,LIU Lin
(School of Urban Construction and Safety Engineering ,Shanghai Institute of Technology ,Shanghai 201418, China)
Abstract ; Based on the monitoring data of PM,,,PM,,,SO,,and NO, concentrations released by the
China National Environmental Monitoring Station from 2016 to 2020, four typical coastal cities with ac-
tive economy ( Tianjin, Qingdao, Shanghai and Ningho) were selected for analysis from the aspects of
geographical location, climate , industrial structure , transportation and GDP. The results showed that re-
gional geographic location and climate had an impact on the concentration distribution of atmospheric
pollutants. The concentrations of PM,,,PM,; and SO, in winter in the northern two cities were higher
than those in the southern two cities.The highest average values in 2020 in the northern two cities were
2 times, 1.8 times and 1.4 times as much as those of the southern cities, respectively. The average PM
concentration in Qingdao in winter was the highest among the four cities, but in summer it was much
lower than that in Tianjin and was similar to Ningbo,which had the lowest concentration. Transporta-

tion, temperature, and precipitation had different impacts on the concentrations of air pollutants.
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Affected by the epidemic, there was a significant difference between the transportation capacity of

Shanghai in 2020 and 2019. As a result,in Shanghai, the fluctuation amplitude of the NO, concentration

in the winter of 2020 is 1.5 times as much as that in the winter of 2019.The impact of precipitation on

seasonally arid cities was greater than that on humid cities. The impact of precipitation on the northern

two cities was negatively correlated, and the impact on the southern two cities was weakly correlated.

Taking the unit GDP as the comparison benchmark value,Shanghai has the smallest comparison value of

each pollutant concentration. Taking Shanghai as the benchmark value,the maximum comparison values of

PM,.,PM,,,S0,,and NO, concentrations in northern cities were 4.16,4.61,3.82 and 2.91,respectively.

Key Words: Air pollutants; Distribution characteristics; Correlation ; Influencing factors
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Fig.1 2016~ 2020 trend of air pollutants concentrations in the four cities
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Table 1 Concentration range (average value) of four air pollutants in four cities in 2019 pg/m’
Y
AT T -
KEt H st T
PM, 5 58~81(72.49) 46~80(65.68) 35~57(48.07) 36~53(44.40)
&% PM,, 100~110(104.64) 98~138(116.46) 49~61(54.84) 49~75(64.09)
NO, 45~62(54.80) 40~61(48.90) 35~57(48.07) 32~51(44.75)
S0, 14~19(16.40) 12~17(13.62) 6~9(7.76) 6~10(8.43)
PM, 5 41~54(48.26) 27~46(33.97) 33~51(41.05) 24~37(28.82)
PM,, 85~98(90.50) 69~93(78.17) 50~65(57.23) 44~61(49.94)
L NO, 33~45(38.71) 29~41(33.58) 39~52(45.33) 30~41(35.08)
S0, 11~11(11.00) 6~10(7.80) 6~7(6.92) 7~8(8.00)
PM, 27~42(36.57) 14~26(20.94) 23~29(25.74) 16~19(17.88)
55 PM,, 43~67(54.56) 34~48(41.41) 31~33(32.23) 26~31(28.42)
NO, 23~29(26.47) 18~20(19.23) 26~29(27.65) 22~26(23.50)
S0, 6~9(7.08) 4~5(4.69) 5~6(5.39) 5~7(6.06)
PM, 39~52(47.49) 22~44(33.00) 22~31(27.11) 22~29(26.00)
W PM,, 62~92(81.37) 55~105(82.09) 33~59(49.71) 37~63(51.28)
NO, 40~57(48.64) 31~46(39.52) 34~47(41.18) 30~46(38.09)
S0, 10~13(11.17) 6~8(7.28) 6~8(7.28) 9~11(9.61)
R2 2020 FOEHHOMRSKTRYKEXE(HE)
Table 2 Concentration range (average value) of four air pollutants in four cities in 2020 pg/m’
1Y) BE
&= YT
R H ki T
PM, 5 61~101(74.70) 33~76(56.80) 33~54(41.68) 24~39(37.32)
e PM,, 62~105(81.26) 47~106(83.35) 35~52(46.74) 36~61(46.20)
NO, 33~60(50.09) 23~49(39.30) 29~63(41.84) 18~53(38.71)
S0, 9~12(10.29) 7~13(9.73) 6~9(7.63) 7~10(7.58)
PM, 5 35~43(39.42) 22~32(27.69) 27~39(32.96) 20~28(23.50)
o PM,, 63~79(68.69) 51~77(65.14) 39~54(47.96) 37~53(43.16)
s NO, 32~37(34.41) 24~37(30.34) 33~41(36.34) 28~36(32.57)
S0, 7~9(8.09) 6~8(6.99) 6~7(7.07) 8~9(8.30)
PM, 5 34~38(37.87) 15~22(17.41) 20~30(25.66) 14~16(15.49)
PM,, 45~76(58.11) 29~46(35.08) 32~35(32.90) 24~26(25.15)
2 NO, 23~29(25.73) 20~23(21.14) 23~33(29.57) 17~27(23.08)
S0, 5~8(6.04) 5~6(5.16) 5~6(5.51) 6~7(6.47)
PM, 29~54(43.69) 20~30(24.32) 19~27(23.72) 17~22(18.98)
PM,, 44~80(66.70) 47~68(58.36) 38~44(49.89) 30~45(36.26)
(e NO, 35~53(46.61) 36~44(40.09) 37~42(39.67) 34~44(37.17)
S0, 7~10(9.24) 7~9(7.89) 6~7(6.39) 8~10(9.01)
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Table 3 Industrial structure of the four cities in 2020 AT
GDP
el
PN: H 5 it T
Bl 211.26 425.41 103.57 338.4
sl 4 802.55 4 361.56 10 289.47 5693.9
Hrp, Tl 4182.87 / 9 656.51 5045.6
A, 718.27 / 719.64 656.3
= 9 027.67 7 613.59 28 307.54 6376.4
Horb 2z i A BN 816.86 / 1 474.82 476.7
AR N 1 253.45 / 4 869.89 1432.3
4Rl 2 056.22 / 7 166.26 994.6
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Table 4 The ratio of four air pollutants to GDP in the four cities from 2016 to 2020

103(pg - m?)/ AT

Wi 1594 A ¥/ GDP 2016 4 2017 4§ 2018 4 2019 4 2020 4
PM, s/GDP 5.98 4.97 3.64 3.65 3.41
PM,,/GDP 9.37 7.49 5.77 5.73 4.89
R
S0,/GDP 1.84 1.31 0.84 0.78 0.06
NO,/GDP 4.18 4.04 3.22 3 2.78
PM, s/GDP 4.45 3.44 2.76 3.38 2.56
PM,,/GDP 8.67 7.01 5.82 6.73 4.93
Hi
$0,/GDP 2.16 1.38 0.74 0.69 0.65
NO,/GDP 3.33 3.43 2.68 3.03 2.69
PM, 5/GDP 1.49 1.16 0.95 0.93 0.82
‘ PM,,/GDP 2.16 1.67 1.33 1.26 1.07
i
S0,/GDP 0.49 0.35 0.26 0.18 0.17
NO,/GDP 1.45 1.34 1.08 1.09 0.96
PM, ;/GDP 4.43 3.76 2.91 2.39 1.84
‘ PM,,/GDP 7.15 6.07 4.64 3.97 3.12
T .
S0,/GDP 1.49 1.04 0.76 0.65 0.64
NO,/GDP 4.51 3.9 3.05 2.96 2.59
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Table 5 Correlation analysis results of air pollution and meteorological data in four cities from 2016 to 2020

FHIE R B PM, 5 PM,, 50, NO,

PNEL -0.505 s = -0.488 = * -0.616 % = -0.686 * =
i -0.736 % = -0.672 % * -0.513 % = -0.576 % =
(3 -0.556 % = -0.454 % = -0.341 % = -0.660 * *
T -0.707 = * -0.660 = -0.408 = = —-0.648 * =
K —.344 % * -0.113 -0.166 —0.286 * *
HE -0.339 * * -0.231 % * -0.193 -0.237 * *

H A4k
i -0.232 * -0.096 -0.087 -0.294 * *
TR —0.355 * * -0.297 * * -0.264 * —0.438 * *
PN -0.476 * = -0.520 * = -0.540 = = -0.570 * =
H5 —0.498 s = -0.520 = * —-0.424 % = —-0.511 % =

WK }
i —0.283 * * —0.308 = * -0.253 = —0.318 * *
T -0.366 * = —0.385 x = -0.296 * = -0.296 * =

W #  FORTE 0.01 ZU (R HMXRMERZE .+ FIRTE 0.05 ZU (XWUR) HHCPERE, n=48
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