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Effects of meteorological factors on air purification by green belts along urban

roads in the daytime: a case study in Taiyuan
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HAO Xingyu'

| Shanxi Agricultural University, Taigu 030801, China

2 Shanxi Forestry Vocational Technical College, Taiyuan 030009, China

Abstract: Green belts along roads can purify the air and improve the air quality along the roads. The microclimate
conditions around a road will affect the manner and speed of pollutant diffusion, and it may affect how effective the green
belt is in removing pollutants from the air. In this study, the effects of microclimate conditions on the removal of pollutants
by green belts along roads were monitored, and the results will provide a basis for improving the road environment by
improving our understanding of the manner in which the air around roads is purified by green belts. Microclimate conditions
(wind speed, air temperature, relative humidity in the air, surface temperature, and air pressure) and the concentrations
of five major pollutants, SO,, NO,, NH,, total suspended particles (TSP ) and respirable particulate matter (PM,,) , were
observed along 18 roads with green belts in the city of Taiyuan. The meteorological elements correlated with each other along

the Taiyuan roads in the summer. There were significant positive correlations between the wind speed and the surface
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temperature, and the air and surface temperatures also significantly positively correlated. However, the relative humidity,
the surface temperature, and the air temperature were significantly negatively correlated. In most cases, the average
pollutant concentration caused by non-motorized vehicles when a green belt was present was lower than the average pollutant
concentration caused by non-motorized vehicles when a green belt was not present, so the green belt appeared to play a role
in removing pollutants from the air around the road. The percentages of the concentrations of the five pollutants that were
removed by the green belt had significant regression coefficients with the meteorological factors. Regression equations, and
the statistical significances of the regressions, were established for the relationships between the pollutant removal
percentages and the meteorological factors, but different pollutants were affected by different meteorological factors. The SO,
removal percentage was mostly affected by the wind speed and air temperature, the percentage removed increasing with both
meteorological conditions. The NO_removal percentage was mainly affected by, and increased with, the ground temperature.
The NH, removal percentage was mainly influenced by, and increased with, the air temperature. The TSP removal
percentage was mainly affected by, and increased with, the air humidity. The PM , removal percentage was mainly affected
by, and increased with, the air temperature and air pressure. Green space regulates, to a certain extent, the surrounding
microclimate, and can cause the air temperature to decrease and the air humidity to increase in the summer. A decrease in
air temperature around the road will decrease the rate of vertical diffusion of NO , NH,, and PM,;, but an increase in air
humidity will promote a decrease in TSP concentrations around the road. In future ‘ green’ road designs, an appropriate
increase in the road green belt area will be beneficial in both improving the road microclimate environment and in decreasing
the concentrations of solid contaminants (TSP) in the air. However, it will probably not be effective in improving the
diffusion of NO_, NH,, and PM,,. Weather conditions will affect the pollutant removal percentages achieved by green belts
along roads, so more meteorological studies need to be conducted along road green belts to provide the information needed to
improve our ability to achieve pollutant removal using green belts along roads in urban areas, and to improve road

construction planning.

Key Words: city road green belt; meteorological factors; pollutant
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Table 1 Space structure characteristic of the test sample

Gis GEAIERE /m i B ERGS SMEWE/m LA
number wide Road wide model number wide Road wide model
1 6 74 Fr+E+HE 10 3.9 80 Tr+UE+RE
2 3.5 74 Tr+HE+HE 11 3 50 Tr+ilE
3 10 74 Tr+HE+ 1L 12 2.5 50 Tr+E
4 6 74 TR+ + I 13 1.8 40 Tr+E
5 10 42 Tr+HE+ 5 14 5 22 Tr+E
6 4.5 74 Tr+iE+ 5 15 2 30 Ir+iE
7 3.9 21 IR+ 16 2 36 Tr+iE
8 4.5 21 Tr+it 17 3 50 Tr+E
9 3.9 80 Ir+HE+ 5L 18 4.5 56 Ir+iE
BB R E 3 A (1) o A SRCE TOLSh B S 1 m Ab, B S HCE TARILE
ZETE L B 2t — M BE S AATIE 1 m &b, 43 AL T4k W), 25 Wil o5 55 S Abdy [a) s I A BB BS 0 KF 5 m,
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Table 2 The change of meteorological factors

i ) R/ (m/s) i/ 2SS % Hi i/ °C S HE/hPa
Time Wind speed Air temperature Air humidity Ground temperature Air pressure

9:00—10:00 0.50£0.04 22.820.70 58+2.41 24.2+1.29 934.1+0.72
11:00—12:00 0.60+0.06 24.4+0.67 52+1.93 27.11.07 934.1+0.72
13:30—14:30 0.680.06 26.920.76 47£1.60 31.2%1.54 934.4+0.78

®3 SKEFENEXLH

Table 3 The correlation analysis of different meteorological factors

AHEHT il 2SI il SIE
Meteorological factors Air temperature Air humidity Ground temperature Air pressure
JA Wind speed 0.0666 -0.1092 0.1878 0.0182
& Air temperature -0.6061 ** 0.8308 ** -0.2336
T2 R, Air humidity -0.3391 " 0.0824
Hi i Ground temperature -0.0322

w RN B (P<0.05), = = Fni i3 (P<0.01)
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Fig.2 The change of road pollutant concentrations at different time
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Table 4 The relation of remvoal percentage to pollutants and meteorological factors in city green road

(‘%’é%ﬁ‘f i P s ’ﬁﬁ%%[ﬁ[% Posl

The kind of pollutants Mathematical model Meteorological factors

S0, y=0.2684x,+0.0132x,-0.4298 0.008 X 0.0109
Xy 0.0867

NO, ¥=0.0096x,-0.2526 0.0362 Xy 0.0362

NH, y=0.0274x,-0.6399 0.0023 %, 0.0023

o LI
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