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Study on the characteristics of meteorological conditions and grade
forecast standard system of ozone pollution in Ningxia
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Abstract Using hourly ozone mass concentration and meteorological data from May to September
in Ningxia, 2017—2019, based on correlation analysis and probability statistics methods, and on the
basis of analyzing the characteristics of ozone sensitive meteorological elements, considering the
contribution of various meteorological factors to ozone generation comprehensively, the Ningxia

ozone pollution meteorological condition index forecast model and grade forecast standard were
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established. The results show that the ozone concentration and temperature in over Ningxia are
obviously positively correlated, the correlation coefficient is from 0.64 to 0.72, the ozone
concentration and the ozone exceed ratio increase significantly as the temperature rises; Significantly
negatively correlated with relative humidity, the correlation coefficient is from —0.36 ——0.55,
relatively high ozone concentration and over standard rate in a relatively dry environment with a
relative humidity of 45% or less; Weak positive correlation with wind speed, the correlation
coefficient is from 0.11 to 0.32, when the wind speed is between 2—3 m-s™', the ozone concentration
and exceed ratio are high; When the total cloud cover is 30% or less, the ozone concentration and
exceed ratio are relatively high. The Ningxia ozone pollution meteorological condition index forecast
model is composed of temperature, relative humidity, total cloud cover, and wind speed score. And
introducing altitude into the scoring system, indirectly represents the effect of solar radiation on
ozone concentration. The forecast effect evaluation shows that the forecast level of meteorological
conditions of ozone pollution is consistent with the actual level of ozone concentration. The higher
the level of meteorological conditions, the greater the ozone concentration and the exceed ratio. The
algorithm of index forecast model and the classification standard of grade forecast can provide
technical support for objective and fine forecast of meteorological conditions of ozone pollution in
Ningxia, and is instructive to ozone pollution forecast.

Keywords ozone pollution, meteorological conditions, index forecast, grade standard,

Ningxia.
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Fig.1 Distribution of ambient air automatic monitoring stations and meteorological observation stations in Ningxia
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Table 1 Correlation coefficients of meteorological elements and ozone concentration in
five cities of Ningxia and Ningdong base

A S T Ak JAT] niE Rk
Station Temperature Humidity Wind speed Wind direction Cloud cover Precipitation
)| 0.67 -0.36 0.18 0.013 -0.022 -0.039
AW L 0.71 -0.49 0.24 -0.018 -0.021 0.041
Sl 0.69 -0.42 0.23 0.015 -0.101 —0.059
T 0.71 —0.49 0.24 -0.102 -0.026 0.026
) 0.64 -0.55 0.32 -0.032 0.025 -0.132
TR 0.72 -0.42 0.11 0.011 -0.011 -0.021
L XOFH 0.69 —0.46 0.22 -0.019 -0.026 -0.031
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Fig.2 The combined effect of temperature and humidity on ozone concentration and over standard rate
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Fig.3 The combined effect of air temperature and cloud cover on ozone concentration and over standard rate
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Table 2 Basic temperature score (Ts)

S SR/°C Temperature
Station 7< 20 20<7<25 25<T<30 30<7<33  33<7<35 T>35
P/ (pgrm™) 70.8 99.7 133.4 159.4 1655  184.0
el AR (E) /% 0.0 0.3 42 10.8 12.8 19.2
SIRIEREA (Ts) 0 1 3 5 6 8
P/ (pgrm™) 76.4 104.9 1329 157.1 1670  181.1
AL AR (E)/% 0.0 0.0 1.5 10.3 12.1 18.6
SIRIEREA (Ts) 0 1 2 5 6 8
P/ (pgrm™) 67.5 91.9 121.8 1413 1435 1504
B HERR(E)/% 0.0 0.1 0.7 2.8 6.5 10.8
SIRIEREA (Ts) 0 1 2 3 4 5
P/ (pg-m™) 71.4 101.8 1229 1382 1430 1445
th HEPRR(E)/% 0.0 0.0 0.2 0.7 3.1 6.5
SIRIEREA (Ts) 0 1 2 2 3 4
P/ (pgrm™) 69.6 101.9 1188 1303 144.7
[t J5 HEPRR(E)/% 0.0 0.0 0.0 0.1 2.1
SIRIERHA (Ts) 0 1 1 2 3
P/ (pgrm™) 74.4 99.4 121.1 1412 1444 1658
TR HEPRR(E)/% 0.0 0.1 0.4 22 6.2 8.1
IRFEEREAY (Ts) 0 1 2 3 4 5

VR A, 55T L3R 2 B 9545 G A DCRIF T s R 1 1, A0 5 A 1 B IR B 0P A 45 2R (L 3% 3),
T T HERIRE SRS T, AS R X B8 i o kR — A, B AR 7E 33—35°C Z (A1), AHXHE
FETE 15%—55% Z[8], ¥F438 8 43, KF IR 73 6 47, Ui PHIZSEH N AHXH R EAE 15%—55% Z [H]
X R AR ) A A AR BEAE s TRLBE AR 33—35°C Z Al F, A RHE E >65%, ¥E R 5 4, /N TR LA 4y
6 4, UL AF 0 T W0 >65% % 5 S0 A W 55 4E . Z75 A0 G SR, 4535 B F Bl iy o o <0l
HHESR RN FRA LR IERM )

3 AR SR EBE ST

Table 3 Combined scores of temperature and relative humidity

SR
FHXHEEE (Rhs) /% Temperature
Relative humidity T<20 20<T<25  25<T<30  30<T<33  33<T<35 7535
Rh<15 0 1 3 6 7 9
15<Rh<25 0 1 3 7 8 10
25<Rh<35 0 1 3 7 8 10
35<Rh<45 0 1 3 7 8 10
45<Rh<55 0 1 3 5 6 8
55<Rh<65 0 1 3 5 6 8
65<Rh<75 0 1 3 4 5 7
RE>75 0 1 3 4 5 7
IRHERESY(Ts) 0 1 3 5 6 8
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Table 4 Individual scores (joint score-basic temperature score)
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OPMCI=Ts+Rhs+Cls+WSs—+Hbs (2)

K (2)h, Ts Ky & b it SR IEANTE 53, Rhs S ARG B PE Sy, Cls b Bz & 553, WSs Sy XU
MPF4y, Hos MR = BEVE 47

A T B R AR5 P AR A5 5 OPMCI B PF41, 2 IR (A E R AR B0 55 HL7E ), 4% OPMCI
MNFBNRSY R 1—6 G, WA By B AR5 e B by BRART5 %, TS T RS Y G AR B AR AL 2
PRATAARAE. I\ 2017—2020 487 5 45 H T R4S YR OUE, 15 PR E X LI, B 4 b s R
ST Y B R B A, R 5 O DA bR R TS g Sy T R AR T Y S AT 0 A A 1 ELRE
B P TR A 18 2 B SRR SR S G TR bR U, S IR 53 DR HE 53 DX (R 3] 23 FLER T 5 90T
g5, HEBR T 6 IR IR (WK 5).

x5 RGP G PR E GGk

Table 5 Classification standards and descriptions of meteorological conditions for ozone pollution

AT YRGS HEOPMCLEIT 4y E ik
Classification standards and descriptions of meteorological Grade Description
<24¥ 1% ARASF T RS A
354 2% AT R
6—847 3% BT SR
9—104% 4% AR T RAEA
11—124% 5% AT RAERW
>124% 6% WA T R4 A

2.6 TARACR K I P4

BT RATGYR G br e | 5 BOHR AR R K 55 9% FiR 7 bR, XF 2020 4F 5—9 A T H K
M T B T AR AT B B R RS YRR R R, Gt T AR AEST i R SRR R bR R IR
i (A3 25 SRS B (AQD) 2 A FLAE Y (HT 633—2012), ¥ 2020 4F 5—9 7 5 F M J2 7 A4 5L i 1L
SAMRBETEAT T o090, 2530, BRI T . AW 1L R A5 e R A R 1—5 9%, SR h
WL TR 1—3 9%, [T 1—2 9%, HARRFM G0 R, 25 Hb 5 0k B R AR S ok (I
Kl 5). RETS PR RRAM SRS R AT Y 5P — BTSRRI T8 77.4%., A WL R
87.9%. = TN 89.5%. H1 TIHT K 93.4%. [E 5T R 99.9%. T AFEH K 92.1% , £ M L &5 e AR 4%
PRAE TR 5 S AR B S PR AE G o — 5, I, AR T A RO R i SR AR A, [ R e, i T
BN TR 7 B T, B IR N (13 2, R R AT 3G R, AR b B L 2075 e Aol R TR P 1)
HERCAN 6, T2 A8 R T 5480 B T v /5 A R A0TSR B S R K, T R T O T B AT R
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Fig.5 Inspection and evaluation of the forecast effect of ozone pollution meteorological conditions
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(1) 77 B 45y 5400k B 5 0 R 34 S B I AR AR G, AHOC R BN 0.64—0.72, SLAUMR B AR R bl 2
AR T R T L T s RO S A I A R R G, A OC R EK-0.36——0.55, AHXIRE <55% T
(1) P 358 5L ARk P38 R A 30 R X A s 5 XLl 222 55 HEAH G, AHOC R %K00.11—0.32, KGHAE 2—3 mes™ Z [H]
Af, B4R B IR A R A s 55 RUTA] AR R S AN B S, AR ] JRU T T A R 480U P8 DB AR R AR AL AN B k5 5
MM B, (B S AE 3 B LR, R T AR R K.

(2) BB X . St KR ST Je R S Bl i A0 R, 0 1 4 s B2 5
A TR PE R, 8] 42 R AE T A BH 4 5 % B R BE A s i), 57 1 7 BB AR5 PR R AR R AR AR A
R T B R TG Y SE bRk L, N7 T 7 B R AT P R G A TR o bR .

(3) THARRICRAS 55 P4k 45 R W, 45 b 5L 4805 Y SR SR S T 5 B A0V B S B S A — 3,
HAGAAF 5 ot R, 25 i 5L 0 B AR AR S b . 8 BT AR A 5k K B R R 43 A o Tl o T
KBTS YRR 55 RS A Ak T4l 55 B AR R S48, X B 40T Y i A 48 5 B L.
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