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SCRRARIRAD: A
Ozone Sensitivity and Precursor Emission Reduction Scheme in Baoding City in Summer. ZHANG Xin-yu, WANG Xiao-qi,
WANG Chuan-da, ZHANG Jun-feng (Key Laboratory of Beijing on Regional Air Pollution Control, Department of Environment
and Life Sciences, Beijing University of Technology, Beijing 100124, China)
Abstract: Based on the pollutant data and meteorological observation data of Baoding city from 2015 to July 2019, characteristics
of ozone pollution of Baoding city in summer and its relationship with meteorological factors were analyzed. Using WRF-CMAQ
model and EKMA curve, the ozone sensitivity characteristics and precursor emission reduction schemes in Baoding area were
analyzed in this study. The results showed that the average concentration of Maximum daily 8-hour average ozone concentration
(MDAS 03) ranged from 138 to 179ug/m? from 2015 to July 2019. Compared with 2015, the average concentration of MDAS O3
in July 2019 increased by 10.5%. Among the main meteorological factors, the ozone concentration was positively correlated with
temperature (R=0.81 on nonattainment days) and negatively correlated with relative humidity (R=-0.70 on nonattainment days).
The high ozone concentration was more likely to occur when the wind direction was west wind, southwest wind, south wind and
southeast wind. Ozone formation was in the strong VOCs-limited regime in the main urban, southern and eastern suburban of
Baoding city, however, it was in the NOx and VOCs transition regime in the western and northern suburban. For VOCs-limited
regime (main urban, southern and eastern suburban) priority should be given to reducing VOCs, for NOx and VOCs transition
regime (western and northern suburban) it is suggested that the NOx: VOCs emission reduction ratio should be greater than 1.
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Fig.1 Two nested simulation modeling domin
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Table 1 Scenario emission reduction scheme

UES VOCs HEi(%) NOx HEB(%) LES VOCs HE(%) NOx HEf (%)
S0 100 100 $20 40 60
S1 100 80 S21 40 40
S2 100 60 S22 40 20
S3 100 40 S23 40 0
S4 100 20 S24 20 100
S5 100 0 S25 20 80
S6 80 100 S26 20 60
S7 80 80 S27 20 40
S8 80 60 S28 20 20
S9 80 40 $29 20 0
S10 80 20 S30 0 100
Si1 80 0 S31 0 80
S12 60 100 S32 0 60
S13 60 80 S33 0 40
S14 60 60 S34 0 20
S15 60 40 S35 0 0
S16 60 20 S36 100 65
S17 60 0 S37 65 100
S18 40 100 S38 65 65
S19 40 80
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Fig.2 Comparison between simulated and observed values of O3 hour concentration
2 HBR5WR

2.1 Oz V53R H

LR I [ 428 ol B s, I L R 2R O3 IRFE W BT, HoAL T 1mi£7,2015~2019 4 7 H MDAS8
O3 PRI FEAE 138~179pg/m? 2 [8] M5 2015 42,2019 4£ 7  MDAS Oz T ETHT 10.5%; 5 2016 4
Ab FABVUEE O3 5 Ju i A ™ B LIS Yefe B 1 A7 i = AR B8 S B8 70 #,2016 48 7 A SRARE T HAth 4F
P, AE YA P AR B Y 38 K T AR IX FTRE & 2016 4 7 H O3 15 R MR Rl 2 —, N S gl
WARRFEFEX O3 WK RIS X 2015~2019 4F 7 H Os @k REL, T LAE tH 2015 4F 7 A O3 s RN
13 R,2016 £ R FEN 11 RN 2017 FEFF-46,03 bR RECEFIE 2, 73708 18+ 18+ 21 K, H MDAR O3 1%
W T B K A R R

Kl 3 4 2015~2019 4 7 H 5 4k FE S SR 87 41, 0T LA H DR E T 7RI 5 AE NG 2017~2019
ERFLN T EARAG Y 2018 45 7 H MDAS O IEHIAR] T 282ug/m? #id T E R &S iR
PARUEN] 76%;2019 ££ 7 H O3 HibR REURZ b 16 RNEREIG Y4 R EETE G2, 1 KL TS Y



HHIR] NO, W FEIZAEBRAIC, H k2016 42 7 H NO, “F3ME A 36.5ug/m?, % 2019 4F 7 FIEF KA 21.7pg/n?’,
1H O3 W EEAHEL 2016 AR R THNO, % O3 ISE MG R ik — B 78 405 2 Kl 3 Brom Bk 72 8 18] DL RE XU
R RN, KGR /N, 05 HE bR H AR bR H 84k 2 00w IR 1S 5 15,05 75 410 SR s
IKF) 31.7°C, [\ AHXHEE R 68.8% & E K T IE#EAx H (82.9%).

FH ] 4 7] UL, 05 /NI 4 B 52 B v TRAEK P << L0 2R A8 A 6 T8 A H L 7:00 2 J5,05 W B T 4 il IE T I F
15:00~16:00 1X | WEAH it J5 SR B 2618 R BE R H 6:00 £ 47 HIIRARENO IR 2 H 5 05 524 M
AR E TE 7:00 72 AT IR BIWEAEL7E 13:00~14:00 H I I ARARL, 1% 2 HH T F R K SH 48 56 5588, N O /E R
A 25 S5 P AR A e R B T A, 3 B O3 IR FE T BRI |R Tl 5 SR 1B BA K NO )33 5 /R T2, [ If
AR S ID T2 m B AR, KRB SRR B AR T 15 ey SR S8 NO, TERR A 8 4R AR H NO;,
FT O3 1R AR RFAE 5 AR HARBL(H AR H O3 14 B AF 1 B 1R Z2 0 T 3R A% H (13:00~14:00),1% 5 5K K
SOOI 57 25 AR AL, B A R BTAE A At R I T I O5 V5 Jeid A% b, 32 SR X iz BE B 1) XA X,
VLB O3 75 Y] BE HH A Hi AR Jl A X A% L [F) S 24

K3 2015~2019 4F 7 H R G i G ik E ) (8] 731

Fig.3 Time series of meteorological and pollutant concentrations from July 2015 to 2019
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Table 2 Meteorological parameters during the observation period from 2015 to 2019

SR (°C) AHXHRIE (%) R (m/s)

P 273424 75.4+12.4 1.9+0.8
bz H 28.4+1.7 68.8+11.2 1.8+0.6
AEkEbr H 25.842.2 82.9+9.5 1.940.9

2.2 AHBHFEX O3 K2

9T SR S R A ORI AEEE AR H R O3 MR BE S5 S5 A4 138 A AR, 16 BRGRE A R 30 22 1) 2019 4F
7 A4 R 2019 4 7 H 4315 S W 08500 A0 R 39 0 <5 S 3k 47 40 At

RAE T O ARG R BRI 3R 2 — . — MR U, T B v, A IS ST B 5, DR U Dl A0 2 s 1 B il
FU,05 V5 L E L E L B 4 AT ED,O5 AR B K /NI AR B AR — B AR H 3R 15:00 Ao A ik B
(34.014.1°C), 1M1 AE B AR H 15 2§ AH(28.24£6.4°C) I ]y 13:00.4H O3 FFAGA B I AR TR FE 223 f5 1h,
X505 I B 77— I (A O N — P U RIRS O3 15 R IR HIAH GO R T Os /NI BE
AR HOS ], B BT 5,05 @ ks H AR H RIS 0 2R EFIEAMIK R HMRRES 58 0.81 F
0.60. 24l =y T~ 27.6°CHY JF4e B O3 /N iR BE R AR, SR I 31.6°CHY, 05 AR 28 2. 25 T iy F b AT L iy
A F T 33 0z 1544

FEOTREBE /N AR AL 35 5 O3 AH IR, O3 YA FE It AE X B (1) BB T v, 76 AF O Bk B e ARAELIF, O3
R I BV P 7 (R FE XV P DR 2 AR R /K R O MR8 Kb T RAE. 32 B2 i TR R K B 5,
HOA R B I TCIEAE Y O, 3 HL s A I8 B S SR IR IE B VE AR T 05 AR R 08 AR HARXTE
fE5 O3 2323 57 5¢ HAH R R ECN-0.70, 8 4R bR H A DG (R=-0.51) 55 58, 2 BAR X 1B LI 00 T 25 5
KA 03154



K4 Os. NO2v i FHRHESE H AL KB i &

Fig.4 Daily variation and scatter fitting of O3, NOo, air temperature and relative humidity
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Fig.5 Wind dependency map of O3 concentration level in Baoding city
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Fig.6 Changes in O3 concentration of precursors for 35% emission reduction in Baoding City
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Fig.7 Time series of O concentration difference in the main urban area and suburb of Baoding City
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Fig.8 MDA 8 O3 ekma curve and precursor sensitivity test in urban and suburban areas of Baoding City



3 Fig

3.1 IEHERARE T E ZE Oy 75 YLiZ 4™ H,2015~2019 ££ 7 H MDAS O3 TR ELE 138~179ug/m> 2 [f] 41
52015 4£,2019 4 7 H MDAS O3 P E ETF T 10.5%;2017~2019 4E 7 A4y MDAS O3 “F- I3k 5 #5588 it
Bl oK 23 S0 b e el ARV BN XU 2B O 15 J 1) 2 B G K M. 05 /NN FE 52 B v RO )<< B
e AR AY, FEEHR 1 O5 WEAB H BN A](15:00~16:00) 8 T~ bR H (13:00~14:00), 28 B O35 44 1] G H1 A b 64k,
SR RN X A A A R 2L

3.2 KREHEFERE T 0375 JA7(E B E K R,0: b HIRES O3 A MER=0.81) B & & TR b
H(R=0.60), 4 FE 5T 31.6°CH,05 /N BB AR 2 B E T AR S O3 B RN E .05
bR H AR 5 O3 A OGP (R=-0.70) B 2 & TRl AR H (R=-0.51), UL BAIRAR R FE B 25 &) S 8L 0375 44,03
bR AR TG R PR A B RURTZR B RGO /N i B2 B 25 5 i b, AE B B H 3k B O3 24158 3.0my/s
(2R 7 R, 2 XU /N T 1.0my/s BFAS 8] JRU)  B) O MR B2 320 L, 1T R S XE T i3 e TeiEAS BB 1k
K.

3.3 fRETEMIX . B R ARER X BB T VOCs 5| X Mg HE VOCs 7T LLA RUFEAIK O3 W, I HAFAE
FOph R HE NOx FIASF R Bz o 3 Ak 5 X B g T VOCs Al NOx Hir[Al#2 1 X JHE VOCs Al NOx 13 BEB#AI%
O3 W E AT O3 B FR B, 7E O3 B4R H AR & T4 VOCs BUB 3 58, IL T HE VOCs X} Os [142 il
WE LWL

3.4 ARAEETAPIIRAE 77 % 5B A8 Os AR H AR AR H 30 XA B B90HE 77 225 Os B Il 2 R B ARTEL,
FOMIRHE VOCs B,05 W T Bt BLEEE VOCs JaHE LA X6 O (4% il 255 R B 4 DR b 2 38 DA X
R VOCs $5 i X B Z= SR S VOCs, an S SEBRsHEE R A A7 72 M FE 812%™ R 42 1) NOx 113k
He 0 T 2185 AN A B cHE 77 R 3 REFRAI O WREE,BEAE NOx FIIRHE LA K, %) O3 145 il 380 R 58 47 i 1
P T PG AL A0 B NOx:VOCs JiHE L KT 1,75 58 31 S B ydHE R fr 3 B 5 Rl AR vl 8, 1 7T LK NOx
5 VOCs 2 B8 % Ll 51 1] k.

SE R

[1] i, RIS, CRATF BB ATE R SCha ORIl X 22 vk (1], R ENA- B E 5 3658,2020,30(05):110-117.
Yang S Y, Wang F, Liu N. Assessment of the Air Pollution Prevention and Control Action Plan in China: a Difference-in-Difference analysis [J].
China Population Resources and Environment, 2020,30(05):110-117.

[21  AEGRYE.2013 PFEMBDROLAMR [R]. JERTIAELRYEE, 2014:20-25.
Environmental Protection Agency. Bulletin on the state of China’s environment 2013 [R]. Beijing: Environmental Protection Agency, 2014:20-25.

[81 AEEHEEH.2019 TEASHERI AR [R]. JbuEEIFE, 2020:7-16.
Ministry of Ecology and Environment. Bulletin of China’s ecological environment 2019 [R]. Beijing: Ministry of Ecology and Environment,
2020:7-16.

[4] Wei W, LiY,Ren Y T, et al. Sensitivity of summer ozone to precursor emission change over Beijing during 2010-2015: A WRF-Chem modeling study
[J]. Atmospheric environment, 2019,218.

[5] Cheng N L, Chen ZY, Sun F, et al. Ground ozone concentrations over Beijing from 2004 to 2015: variation patterns, indicative precursors and effects
of emission-reduction [J]. Environmental Pollution, 2018,237:262-274.

[6] IRk, Ay, B2 o R XS SRR oxe M T SR ARSI [T]. K/ URHEE 22 4,2010,33(04):451-459.
Lou S J, Zhu B, Liao H. Impacts of O; Precursor on Surface O; Concentration over China [J]. Transactions of Atmospheric Sciences,
2010,33(04):451-459.

[7]  EMERN,BE SO 3,55 U SO I A O3 V5 YL (7] EFAEIRLE, 2017,37(10):3684-3691.
Wang Y L. Xue W B, Lei Y, et al. Model-derived source apportionment and regional transport matrix study of ozone in Jingjinji [J]. China
Environmental Science, 2017,37(10):3684-3691.

[8] AEBHEEH.2017 PEABHELRIAM [R]. b5 EBIREHE, 2018:7-16.



[0

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ministry of Ecology and Environment. Bulletin of China’s ecological environment 2017 [R]. Beijing: Ministry of Ecology and Environment,
2018:7-16.

Wang Y X, Shen LL, Wu S L, et al. Sensitivity of surface ozone over China to 2000-2050 global changes of climate and emissions [J]. Atmospheric
environment, 2013,75:374-382.

JHEEE SR, BRSO 2 (BB ) M. dE S S E AR AE, 2006:101-113.

Sun C L, Zhao N, Zhuang Z K, et al. Mechanisms and reaction pathways for simultaneous oxidation of NOx and SO, by ozone determined by in situ
IR measurements [J]. Journal of Hazardous Materials, 2014,274:376-383.

United States Environmental Protection Agency. Air Quality Criteria for Ozone and Related Photochemical Oxidants. EPA 600/R05/004aF, 2006.
LT KR i i i SR B AR (R L SRR BERIIKR R [J]. B TSR, 2015,9(11):5545-5554.

Wen Y P. Temporal variations of surface ozone and its relations with meteorological parameters in Taiyuan City [J]. Chinese Journal of Environmental
Engineering, 2015,9(11):5545-5554.

25 s, 10 T, T MG, S JR 5 T B 2 LSRR ) i DR 3% 1 A UURR (3], 3ABER}, 2017,38(10):4100-4107.

Li L, Zhao Y M, Wang X G, et al. Influence Factors and Sensitivity of Ozone Formation in Langfang in the Summer [J]. Environmental Science,
2017,38(10):4100-4107.

Cohan D S, Hakami A, Hu Y T. Nonlinear Response of Ozone to Emissions: Source Apportionment and Sensitivity Analysis [J]. Environmental
Science & Technology, 2005,39(17):6739-6748.

Tan Z F, Lu K D, Jiang M Q, et al. Exploring ozone pollution in Chengdu, southwestern China: A case study from radical chemistry to O3-VOC-NOx
sensitivity [J]. Science of the Total Environment, 2018,636:775-786.

Pusede S E, Cohen R C. On the observed response of ozone to NOx and VOC reactivity reductions in San Joaquin Valley California 1995-present [J].
Atmospheric chemistry and physics, 2012,12(18):8323-8339.

Chen X, Situ S P, Zhang Q, et al. The synergetic control of NO, and Os concentrations in a manufacturing city of southern China [J]. Atmospheric
environment, 2019,201:402-416.

Sillman S. The relation between ozone, NOx and hydrocarbons in urban and polluted rural environments [J]. Atmospheric environment,
1999,33(12):1821-1845.

Ge S J, Wang S J, Xu Q, et al. CAMXx simulations of the control of anthropogenic emissions on the reduction of ozone formation in Southeast Texas
of USA [J]. Atmospheric Pollution Research, 2021,12(7).

R4, B8R, £ e 7, 45 At [X SR T T T S i O 15 AU IE S U [9]. SRR, 2020,41(07):3085-3094.

Ou S J, Wei W, Wang X Q, et al. Pollution Characteristics and Sensitivity of Surface Ozone in a Typical Heavy-Industry City of the North China Plain
in Summer [J]. Environmental Science, 2020,41(07):3085-3094.

WALAESHEIT. 2017 AALEAESHEROLCAR [R]. WAL, wHLE ASIEEIT, 2018:3-12.

Hebei Province Environment Protection hail. 2017 Hebei province Ecology and Environment Statement [R]. Hebei Province: Hebei Province
Environment Protection hail, 2018:3-12.

AL ESHET. 2018 AL E AR ELRDLAMR [R]. b4, HbE A E3EET, 2019:3-10.

Hebei Province Environment Protection hail. 2018 Hebei province Ecology and Environment Statement [R]. Hebei Province: Hebei Province
Environment Protection hail, 2019:3-10.

WAL ARHELT. 2019 WALEAERHELARDC AR [R]. WALE; WALRAESHET, 2020:3-7.

Hebei Province Environment Protection hail. 2018 Hebei province Ecology and Environment Statement [R]. Hebei Province: Hebei Province
Environment Protection hail, 2020:3-7.

{2 573 A G PR T S 45 e AR AE M T T (D], 3ABERL A 5 EL, 2016,41(04):30-32.

Tong J K, Chen H Y, Zhang Y. Time and Space Characteristics of Ozone Pollution in Baoding [J]. Environmental Science and Management,
2016,41(04):30-32.

B 4, ARG, FHIES, 557 O T B 0 SRS ol O SR s It 7 (7], ALRUR 230 (8 28R R, 2018,54(03):665-672.

Huang Z C, Hong L N, Yin P L, et al. Source Apportionment and Transport Characteristics of Ozone in Baoding during Summer Time [J]. Acta
Scientiarum Naturalium Universitatis Pekinensis, 2018,54(03):665-672.

B SKDL,FBE, A5 ARAE T PMy s AIBLEIG YL AT (7). SRR IT, 2022,35(3):683-690.

Li H H, Zhang K, Niu C, et al. PM, s and Os Pollution Characteristics in Baoding City [J]. Research of Environmental Sciences, 2022,35(3):683-690.
Kang M J, Zhang J, Zhang H L, et al. On the Relevancy of Observed Ozone Increase during COVID-19 Lockdown to Summertime Ozone and PM, s
Control Policies in China [J]. Environmental Science & Technology Letters, 2021,8(4):289-294.

Murphy BN, Nolte CG, Cidi F, et al. The Detailed Emissions Scaling, Isolation, and Diagnostic (DESID) module in the Community Multiscale Air
Quality (CMAQ) modeling system version 5.3.2. [J]. Geoscientific Model Development, 2021,14(6):3407-3420.

Luecken DJ, Yarwood G, Hutzell WT. Multipollutant modeling of ozone, reactive nitrogen and HAPs across the continental US with CMAQ-CB6 [J].
Atmospheric environment, 2019,201:62-72.

Zhou Y, Cheng S Y, Lang J L, et al. A comprehensive ammonia emission inventory with high-resolution and its evaluation in the



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Beijing-Tianjin-Hebei (BTH) region, China [J]. Atmospheric environment, 2015,106:305-317.

Zheng B, Tong D, Li M, et al. Trends in China's anthropogenic emissions since 2010 as the consequence of clean air actions [J]. Atmospheric
Chemistry and Physics, 2018,18(19):14095-14111.

Castell N, Stein AF, Mantilla E, et al. Evaluation of the use of photochemical indicators to assess 0zone-NOx-VOC sensitivity in the Southwestern
Iberian Peninsula [J]. Journal of Atmospheric Chemistry, 2009,63(1):73-91.

US EPA. Guidance on the use of models and other analyses for demonstrating attainment of air quality goals for ozone, PM s, and regional haze [M].
U.S. environmental protection agency office of air quality planning and standards air quality analysis division air quality modeling group research
triangle park, NC, 2013.

BRI, A5, T R, A I oy R i S T SRS SRR IE I RS AR SR I A —— LA S ], FREERE 2R, 2022,42(02):258-270.

Li Y M, Li L, Wang H L, et al. Analysis of characteristics of surface ozone pollution and meteorological factors in a mountain city of northern
Guangdong:A case study in Shaoguan [J]. Acta Scientiae Circumstantiae, 2022,42(02):258-270.

TRIR, 5K T2 A, 5 R BE T S AAUTS JRHE TG R AT (7], SABERI A S HOR, 2021,44(11):18-24.

Zhang M. Zhang Y, Li K P, et al. Distribution Characteristics of Ozone and Associated Meteorological Factors in Chibi,Hubei [J]. Environmental
Science & Technology, 2021,44(11):18-24.

AR R, X e, 5. i T AR ST TR IR X [J]. iR 2244, 2021,41(08):3012-3020.

Xia J Q, Chen Q, Liu X, et al. Transport characteristics and potential source of ozone in Wuhai [J]. Acta Scientiae Circumstantiae,
2021,41(08):3012-3020.

BEIRTS TN, B, A5 DRI BTG R AE ML SRR KM INR AR [J]. RSB SHEER, 2017,33(1):66-71.

Liang B L, Zhang L, Lai X, et al. Analysis of the characteristics of ozone pollution and its relationship with meteorological conditions in Shenzhen [J].
Journal of Meteorology and Environment, 2017,33(1):66-71.

Tong L, Zhang H L, Yu J, et al. Characteristics of surface ozone and nitrogen oxides at urban, suburban and rural sites in Ningbo, China [J].
Atmospheric research, 2017,187:57-68.

Wei W, Wang X F, Wang X Q, et al. Attenuated sensitivity of ozone to precursors in Beijing-Tianjin-Hebei region with the continuous NOx reduction
within 2014-2018 [J]. Science of The Total Environment, 2022,813.

Shen H Z, Sun Z, Chen Y L, et al. Novel Method for Ozone Isopleth Construction and Diagnosis for the Ozone Control Strategy of Chinese Cities [J].
Environmental Science & Technology, 2021,55(23):15625-15636.

TEZ BT T 52(1997-), 3, J L HREE A Jb 5t Tk oK S0 5 A, 3 B I\ SR B M) B0 53 e 5 9 5 T FO I 9.



