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Study on the characteristics of meteorological elements and pollutant

concentration in the boundary layer of radiation fog in Jiangsu coast
based on UAV
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Abstract :In order to further study the vertical distribution characteristics of meteorological elements and
pollutant concentrations in the boundary layer of radiation fog, a comprehensive observation test of
boundary layer and pollutants was carried out in Donghai County by UAV in the winter of 2020. It is
found that the thickness of inversion layer in foggy days is from tens to hundreds of meters thicker than
that in sunny days, and the strength is 0.5-1°C/hm larger. On foggy days, there is wind shear at low altitude,

and the wind direction changes little in the vertical direction. On sunny days, the wind speed changes little
at low altitude, and the wind direction rotates clockwise with height at low altitude. The intensity of
radiation fog with deep single-layer inversion structure is stronger than that of double-layer inversion
structure. In the same radiation fog process, the intensity of fog will not change with the change of wind
direction, and the lower wind speed is more conducive to the formation of strong fog. From the perspective
of vertical distribution of pollutants, TVOC at the same height in the inversion layer is higher in sunny
days than in foggy days. Before and during the generation stage of radiation fog, the decrease rate of SO,
concentration with height is much higher than that in the same period of sunny days. The vertical variation
of Oz and NOzin clear and foggy days is significantly negatively correlated, and the gradient variation of
O3 near the ground in foggy days is significantly greater than that in clear days. PM1o, PM2sand PMyo are
more than twice higher in foggy days than in sunny days. CO is relatively stable in the process of radiation
fog with little vertical change. TVOC, NO2, PM19, PM25 and PMyo will be affected by the strong inversion
in the process of radiation fog and accumulate in the inversion layer. Their cumulative change rate
decreased significantly after fog compared with that before fog. The cumulative change rate of particulate
pollutants decreased more significantly than that of gas, and the cumulative change rate of particles with
large particle size decreased more than that of particles with small particle size. NO and other reducing
substances emitted from the ground at night are difficult to be transported upward, and the consumption of
O3 in the upper layer is much smaller than that in the lower layer, which makes Os in the upper layer much
larger than that in the lower layer at night. As a result, the vertical distribution of PM2s and Os is
significantly different, and the solar radiation is enhanced during the day. The development of unstable
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boundary layer is accompanied by the downward mixing of Oz in the upper air, which leads to the increase
of Oz and the increase of PM, s emission, making the vertical changes of Oz and PM2s more consistent.

Keywords Radiation fog Boundary layer Meteorological elements Atmospheric pollutant UAV High

resolution vertical observation
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TVOC (Total Volatile Organic Compounds). SOz2. NOz. CO. PMuo. PMyoiX 8 Fihis 4einidk i i 70 9%
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WHFLAIBAT 2020 4F 11 H 19 HZE 2021 4F 1 A 15 HERBEZRSKEWNN (3454N,
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Table 1. Datasets from radiation fog and sunny day observations

ORIEA€ I 18]
Fog 1 2020.12.11 1:30 — 2020.12.11 10:30
Fog 2 2020.12.11 23:30 — 2020.12.12 11:00
Fog 3 2020.12.28 2:30 — 2020.12.28 10:30
PN 2020.12.26 20:00 — 2020.12.27 8:00

RIS G JRRE L RGH . R BE LA T RS R AR R T A3 ARk, IR
A Lmine  AFRRREZG IR LI B2 R sU IR BRI 7k (hEA R R
WARE RIS E) AR MZ RN RGN . P RRERERBERT
I ey By WL E R ER . KBS RS INERKSHE TVOC, SOz. NO2. Os.
CO. PMio. PMas. PMio 55 8 Fi5ded). SR EFALKBAM KIS RGN SH. & 52
AR WOCHR (EZmAE, 2020, Z2E, 2021). (EHHT AN SR EE RN, 5
BEAT — OB R AR, AR NHLI AT IR 208 1 /I, B B THEEERE Y 150-200m/min, 2
B HERLZI 5-10m. I AHUE KN 75 22 WAT — B B AL ELR MLk B, SORHARING
il ¥ 5E 79 20-800m. JE AL RATI X LI 1.
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Fig.1 the flight time of UAV (The abscissa of the flight is the corresponding flight time)
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Fig. 2 vertical distribution characteristics of boundary layer meteorological elements in Sunny days (a-f),
inversion change rate (g), inversion bottom and top height (h)
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4. 1 B RMFE RIS Gk B 22 BT RHERT LA

K 5. 6 A& 742518 TVOC. SOz. NOzv Os. PMig. PMas. PMyo il CO iX 8 Fhis et
i RN 55 R B A . B AR, B TR e 198 b, TVOC 7ER IR (R B 22 B A T
Ko WRMZ R TVOC HIERLARMZERIA K, 35 I3 K50 N TG K ass, g hr
B 5N RZ A BB — 8, (RIRE A F — &AL TVOC 7EME REHLE R4 10%,
XA RS TR 55 T R PR B AR T eI 2 A S AN LR AN R B BURLAR 1 % 8% DL IR
LR (HBESE, 20200, MIMfE TVOC WERG. HE, TVOC MIERLZEHAITIHA N
Jeld /N R, ELI TR AL P OB AR TR A A T — e ks, X AT g R H S B KR
FRA R, PR TR, IEIRG S ST E DO R RS R OC ( Zou &, 2015). 1
75 TVOC [ KU AT e 25K [ X 3K T4 .

SO, TEHE AN Z5 K 15 52 L HH I e JEE kN [ 3 B A RFAE , (EL LRS00 2 P B e P i b, T
WG R e IR DAL . R T R B AR TR TR AR N S5 Y T AN A B B, SO Rk I e P R
Pk, 3R e T I R, X R R B TAERER B, KA RIS LLAMIR, K SO, i@
WA -RLEAGTE BB IR 2R S I, TR R IR h SR IR T LME N B4 %, N F MR R AL (E
JGAE, 2019). FERRN 25 TH EUM B I SO HI&A PR N3dhilf 2 AR A 1T B v BE s/, IX mT RE A
RIS T A = HER K SO, BT, MAME 600m LA LR, FRFFERIKK SO ik
VR v N, AR I e A R

454 Osfll NO2 B/ KAE, & 2B RIFAIC, XATREZ i THu I A s shHEm)
NO JH#E O3, {45 Os (MR FE B i BERURE i 34 m,  RUKAE T NO+03 »NO2+0, B, R B
ESR— T3 NO 4, AR 55— 5T N EDGARE RS, il NO, 2B R mshiE. H
HG, SZOGMER MRS NO2 WRBE B0, MG = MPE 2 FRZ O MRFE &1,
BI&AE T NO2 + hv — NO + O H1O + Oy — Oz KN CRMEFESE, 20100, T 067 SR 5
ARGy, WHRKRIEKEEEAN O3 BE, WRIEEZE O RERE. Oz JLFAZIEIRIZ M
i NO, /EWHRIZEN BRI . Bh4l, Os 765 KT T AR AL BB K THE R, IX AT RE2 i T-48
5B PRI AR T Os R O™3CiE, 2019).

PMuio. PMys Fil PMio 7ERGE RFNZ RIOTE EL A A ZHER, Bk B, =FBR7E S RELL
R H— A b ZE TR — RO P R AR I — B . TERE R, BARZINRE Y
me, EATTIR B R A I T HEAR, B B T IR RN K, R A LI
3G NZ 20mg/m?, X W] RER NG RiIA R Em, InmEaR, FEEAEDFZ NIREAH
51, MEBNAKR, MEFK, TR LR Z P b e IR, 55K 2 o H T 3 n
50mg/m3 LA bo FERE RFIZE R, SZRUIARRE, BRI BE Y 22 7E — B FE A HH I ren 2 st/ 1
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Fig.5 Variations of TVOC (a-b), SOz (c-d), NO; (e-f), Oz (g-h), PM1.0 (i-j), PM2s (k-1), PM1o (m-n),
CO (0-p) profiles in sunny day.
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B E, AT ST Z IR LA T AEK, PMioy PMas Al PMuo =3 7EAH R Bf IR P WA 1
HAMFL AE 18, HUEE R /NIRRT, e 10 iy 11 AT 13 1, (s
JEA T KIGEESRTE, X3 T 300m LAk, i TR R

HACKE, TVOC AR E R FIgE%, Falfm v 0.017ppm/hm, BEEHE S 5 AR
BN, HAE 10 B 0.001ppm/hm, Z JFiEET ETF. NO2 ) R R RS s, N
13.17 ug « m¥hm, BEERSSZHMBERRBE) T, H2EE 70 8 I RAK 13 R IR [F—
I K PMioy PMzs. PMio ) REAR AR AN PM10>PM25>PMio. A 01-07 I, =) R
AR P BT, Horh PMio M1 PM2s () RARARAL AR 7 A SRR, 70500y 31.13 A1 94.37
wg s m3hm, ifi PMuo () RBVRLFRZAE 4 NASIECRN 117.70 w g m-3/hm. A\ 8 i, =
R T HEEERENZHE, %55 XA T —ENETt. EHEPB = R R
WIN 6.601g e m3hm, 19.46 ug e+ m3hm 1 24.98 ug * m3hm. HH AT A TS Y i) 2
ARG, WORITS RV RN RAEZ P TR R . IeAh, RRARBRY R ZR T
e e P2 LB 1k /N REAR UKL, X AT e T AT AN REAR R, KR AR B I B8 S i AL I EL P
TR 2 R EE R, RENS DRl S o ARt T (e B Bl AR R R A
% 2. Fog3 ARk TVOC. NO2. PMio. PMas. PMug (UM B . B L R WG 2

e O N iR
Table 2. The Peak height, cumulative change rate, inversion layer height and intensity of TVOC, NO3,
PM1.0, PM2s and PMyg at different times in Case 3

L] INZEIB TVOCUE(H  NO MR PMuolBfHil  PMosURfHIN  PMuoUgfHINEL  HHE/Z T
LMY B (m)/ WM R MY R mEmMYRER mm)siE

R A FRALA BRI AR A HRE(C
(ppm/hm) (pgem (pgem (ngen (rge+m3hm) /hm)
5/hm) 5/hm) 3/hm)

01:02-01.06 p—— 96/0.017  24/13.17 160/21.40 160/62.76 160/89.65  208/2.2
oz030207 MU 50/0.012  35/6.55 128/28.13 121/75.49 128/101.20 225/2.42
03:00-03:04  pEp B 105/0.015 60/5.78 145/17.56  156/62.01 170/84.63  237/2.5
04:02-04.06 358/0.004 92/7.65 78/22.87  103/83.9  107/117.70 270/2.6
05:01-05:05 323/0.005 166/5.80 144/10.22 151/54.78 151/81.29  279/2.63
06:02-06:06 S B 351/0.005 168/2.15 129/20.00 153/57.43 153/72.74  287/2.79
07:00-07:04 450/0.007 = 123/31.13 123/94.37 147/111.90 315/2.34
08:00-08:04 512/0.004 — 134/15.03 159/56.17 148/71.65  283/2.59
10:01-10:05 187/0.001 155/4.46  361/21.46 361/47.81 361/58.15  331/2.21
11:00-11.04 52/0.009  182/5.55 321/17.75 313/41.37 320/45.88  315/1.90
12:02-12:06 i B 96/0.005  176/3.01 147/6.60  147/19.46 157/24.98  308/1.61
13:00-13:04 KR 117/0.006 — 383/14.88 405/26.08 431/29.95  354/1.39

5. PM2s 1 O3 3 H 734 R BRAAFE

K 8 A 9 NIFRMZER PMos M Os T EL M ARALE, BRI Z AT LS
FHIEEIT, B RMZ R PMos HITE B ATAFAE 225 (EMG R B3 BOR A E5 = PMes i
BWREERAR, MEBRZYRZRIFEH, PMs JEI57E - HR G, S BOLE 2 M30 R E A
Toik EyEL, ARIRE AAEAE PM2s IIIEME. HITXREAR Os 2R BXREROUI YR
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RAERATFRZE N Os [ Rk Ktk Os (TR E RIS PMes fAE— M ZER (XIHURS,
2022). AEEBRERLFR, HAERSALTE AR ROKEFE & T RE . 220 BT X5
ik A AR 95 TR B VG A 25 B R AR e, BRI MG 45 v B2 O IR 2 5 LA FLAR AR N AR, HAH] O3
WEREEZ R LA REKR, X2 F YHTE AU NO X Os Hi & /E FRRE Os il IR E K,
TR ()i it iz 2 ek 55, 1 T HEBUY NO &858 R 4 s e HE 1m) i %) = 2 1 Os THFEE /N TR E
(Ren et al., 2019), {F3A&A 5 )E Oz i B2 Faeid B2 W 18 TICZ TS IR 4ERF ARG B s IR T o ax e
R EAER B PMas A1 Os FRHE B 734l 22 7 BUK . FIORHITH 52 K BHAR SHZET A, AR E L 7=
B, ARELREIREMBEERGS Oz M FIES S Os i, H PMas HEBUIIY £ (#453
PM2s 5 Oz 3 EH /04— B . HAE 12 H 28 H 7 WA 8 I 485 55 i B il o, PMas
H Os T B/ A RFAEA IH 25 AR, IR N R FE () PMos A5 R BAEE S8, #H] 7 Os 1
AR (BRSFEE, 2017).
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FRIVFTA RS AR k26 3<0, Hib# %, SAM T-20pg m3hm. %K 8 IfIfT
BT, Ozt T 5 =AM, 7E 7.89-62.09ug-mhm Z ], HERE 20 A H 5 B4k,
PMos 1 IR A AL 45 <0, 1E-4.87- -33.50ug-m/hm 2 [a], e 21 B /e R PMos (1 A8 1L
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Fig.8 Vertical distributions of PM2 s and Os in sunny day (the black line is the inversion layer height)
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327 Fig. 9 Vertical distributions of PM2s and Os in Fog3 (the black line is the inversion layer height, and the
328 black dashed line is the fog top height)
329 R 3. M5 RANZ R PM2s Al Os AR HL 3
330 Table.3 Change rate of PM2s and O3 in sunny and foggy day
LR/ PMa2s 2544 O3 B ft3
(ng-m¥hm) (ng-m-¥hm)
19:57-20:00 20.12/-110.90/2.51 5.94
21:06-21:10 -33.50/6.84 4.99
22:35-22:39 -16.07/16.35/-78.21 0.00/40.37/-143.60
01:41-01:45 -16.18/18.48/-23.43 7.33
==
PN 03:02-03:06 -4.87/32.27/-31.68 9.88
04:40-04:44 1.885/18.29/-49.35 10.09/-23.44
06:03-06:07 -30.66/9.45/-100.54/99.98 9.10/-36.18
07:33-07:37 -26.96/2.93/-97.42/42.19 11.28/-27.54
AT 01:02-01:06 62.76/-43.86/52.85 22.13/-11.41/31.36
02:03-02:07 75.49/-61.38/24.61 19.01/-27.26/13.66
9 TR B 03:00-03:04 62.01/-57.02/21.89 21.79/-18.93/7.89
04:02-04:06 83.90/-41.68/38.98/-79.66 17.81/-27.98/23.8/-16.06
05:01-05:05 54.78/-34.06/49.31 16.85/-26.71/23.27
N 06:02-06:06 57.43/-16.19/31.39 15.48/-36.8/20.32
B B o
07:00-07:04 94.37/-7.46/35.77 10.22/-17.62/31.64
08:00-08:04 46.93/-16.52/34.78 9.18/-21.21
10:01-10:05 47.81/-88.36/33.33 19.24/-26.99/31.34
11:00-11:04 40.05/-53.88/25.74 17.42/-41.62/28.45
B B 12:02-12:06 12.03/-22.87/33.32 15.44/-36.00/48.21
[ 13:00-13:04 26.08/-97.32/100.20 17.88/-43.29/62.09
331

14



332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

349
350

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

6. &t

(1) Z5 R R B LG RJE TL K BHE RS, SBEEK 0.5-1°C/hm. 25 10 i FE 50
J2 TV e R0 55 5 A A 3 B O — B0 o RGBT R 5 1) B R 5 2 R

(2) M5 G 3 EL oA R iR 2 N R — = AL ) TVOC TERS REELE REth4) 10%. 1E
R 55 RGN R SR B, SO R PR Bl 5 FEE 328 YRR 4zt ey T I R A 1. O3 F1 NO2 I TE EARL IS 2
LI (0 SR <, Os 78 Z U M THI (R0 B A8 A I B EE K FHE K o PMyo PMas I PMyo 76 % K EELL
R mE I — R A b, HARBC TSR, 55 R HR BEYE W IRLE P B s P2 3 R 5K . R AN3S K CO Rk
AR B SR S O B D R S, FERR I S R AR AR e, AU

(3) FE5 AR 2 1 B2 S8 TVOC. NO2. PMig. PMas Al PMio fE I 2 N 2R,
HEAIZAREEE AR . TVOC Al NO [ {8 51 7EHR T 55 ORI BUi &1, T PMos PMas Al PMio
(B e FETE SR S S 5 R e . FOPIS eI BB RTE R J5 5 S AL 6 7 38 TR,
TS5 i RV, BRI TS S it BV R TR B2, H ORIk 21
AR 1T R P R R AR R )

(4) PMzs F1 O {13 BL A3 AT RHIE CE AR [BIFT A RAFEBOR ZE 7 B YATIZ 29085, Hh i HE s
NO 538 JF W0 Bk ) b 4avik xf =2 1) Os YHFER /N TRE, MR IA&E O K FIRE, S
PMas fll Os FEEE /AT ZE R BUR . FRKPHAR S5, AfE LR E R EHRE ST Os [ FiRE
FE Oz ML K PM2s HEUE 2 (845 — 35 103 BB AL BN — 5

SE R

R, FARME, ST, 2020, HTIJC ANLEE B E) R R PM2.5 IS 3l 7T [O] . SRS R
Eint 5%, 25 (03) : 292-304. Cao Yunging, Wang Tijian, Gao Libo, et al. 2020. A case study of PM2.5
pollution in Nanjing based on Unmanned Aerial Vehicle Vertical Observations [J]. Climatic and
Environmental Research (in Chinese), 25 (3): 292—304. doi:10.3878/j.issn.1006-9585.2019.19014.

Deng X J,Li FLi Y Hetal. 2015. Vertical distribution characteristics of PM in the surface layer of
Guangzhou [J]. Particuology,20(3): 3-9. doi: 10.1016/j.partic.2014.02.009.

Gultepe I, Tardif R, Michaelides S C, et al. 2007. Fog research: A review of past achievements and future
perspectives [J]. Pure. Appl. Geophys., 164: 1121-1159. doi: 10.1007/978-3-7643-8419-7_3.

A, FWFER, JTEN] 5. 2015, Hedb—IRFFEMEE LS RN A AR S AR E LI 4y
B[] T ERE: HhBRELY:, 45: 427 - 443. Guo Lijun, Guo Xueliang, Fang Chungang, et al. 2015.
Observation analysis on characteristics of formation, evolution and transition of a long-lasting severe
fog and haze episode in North China [J], Science China: Earth Sciences, 58: 329-344. doi:
10.1007/s11430-014-4924-2.

BIAE, tEhRE, EEERL 2003, KA EMR AT TR [9] K URH,27 (4):712-728. Hu Fei,
Hong Zhongxiang, Lei Xiaoen. Recent progress of atmospheric boundary layer physics and atmospheric

environment research in AP [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 2003, 27(4):

15



367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

403

712-728. doi: 10.3878/j.issn.1006-9895.2003.04.18.

FHE, RRFEG,  ARAW.1998 585 KA S ERHE [J]. KR 224k, 2:258-265.Huang Jianping,
Zhu Shiwu, Zhu Bin.1998. Characteristic of the atmospheric boundary layer during radiation fog [J].
Transactions of Atmospheric Sciences. 2:258-265.

e 2021, 4% AUACES 7E KA B A s 25 1T IE R R 46 B S [D]. B K%, Liang Yue. 2021.
Atmospheric measurements by portable instruments: data correction optimization and application. [D].
Jinan University (in Chinese).

Li X B, Wang D S, Lu Q C, et al. 2017.Three-dimensional investigation of ozone pollution in the lower
troposphere using anunmanned aerial vehicle platform [J]. Environ. Pollut.,, 224: 107-116. doi:
10.1016/j.envpol.2017.01.064.

LiuD Y, Niu S J, Yang J, et al. 2012. Summary of a 4-Year Fog Field Study in Northern Nanjing, Part 1:
Fog Boundary Layer [J]. Pure. Appl. Geophys.,169(5-6):809-819. doi: 10.1007/s00024-011-0343-x.

XK, SER, B, . 2022, RECRS BRI S G B A IR i 7T 3] Hh E ISR,
2022, 42(4): 1575-1584. Liu Jingle, Shi Jing, Yao Qing, et al. 2002. Effects of atmospheric diffusion
conditions on vertical distribution of pollutants in Tianjin [J]. China Environmental Science (in Chinese),
42(4): 1575-1584. doi: 10.19674/j.cnki.issn1000-6923.20220209.004.

Ren Y, Zhang H S, Wei W, et al. Comparison of the turbulence structure during light and heavy haze
pollution episodes [J]. Atmos. Res., 2019,230:104645. doi: 10.1016/j.atmosres.2019.104645.

B, oo, 22fRMk, & 2017 K =M Db X E FRi 2 RAAAUBURIA) S GeAl BGRB[0 K
B2, 41(3): 618-628. Shao Ping, Xin Jinyuan, An Junlin, et al. 2017. An analysis on the relationship
between ground-level ozone and particulate matter in an industrial area in the Yangtze River delta during
summer time [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 4, (3): 618-628. doi:
10.3878/j.issn.1006-9895.1609.16173.

N, bR, AN, 55 RFERRRE L PM 25 5RADF SR &KL mE R[] B
JHK, 2022, 67: 2018 - 2028. Sun lJingjing, Xie Xiaodong, Qin Momei, et al. Analysis of coordinated
relationship between PM 2.5 and ozone and its affecting factors on different timescales [J]. Chinese
Science Bulletin, 2022, 67: 2018-2028. doi: 10.1360/TB-2021-0742.

Sun'Y, Song T, Tang G, et al. 2013. The vertical distribution of PM 2.5 and boundary-layer structure
during summer haze in Beijing [J]. Atmospheric Environment,74 (2): 413-421. doi:
10.1016/j.atmosenv.2013.03.011.

W B 9, B, R, AELTTM R T g M O R BT B o> A R AE 9], b [ 3 85 R
2#,2022,42(02):497-508. Tao Liping, Deng Tao, Wu Dui, et al. High aerosol and high ozone pollution
and vertical distribution of extinction coefficients in Guangzhou during the dry season [J]. China
Environmental Science (in  Chinese), 2022,42(02):497-508. doi: 10.19674/j.cnki.issn1000-
6923.2022.0030.

ERAE, M, ZH, 45 2019. BT 2R T A6 KRS PM2.5 3 BN HOR ] 2%
55 T F£, 016(006), 35-40. Wang Dongsheng, Peng Zhongren, Li Bai, et al. 2019. Vertical

16



404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

atmospheric structure observation technology based on multi-rotor Unmanned Aerial Vehicle (UAV)
Platform [J]. Equipment Environmental Engineering (in Chinese),16(6):35-40. doi: 10.7643/ issn.1672-
9242.2019.06.007.

FEK, Rk, ZEK, AE. 2020, @RI ANLERIR I MM BRI B K AR — A 55 R AW
M [3].3%:,46(01),92-100. Wang Hongbin, Wu Hong, Li Yong, et al. 2020. Validation of rotorcraft
UAV boundary layer meteorological observation data and its application in a heavy fog event in
Yancheng [J]. Meteor Mon (in Chinese).,46(1):89-97. doi:10.7519/j.issn.1000-0526.2020.01.009.

Foo, AR, Bdidh, 552019, B & F—UORIKE SO IRAE R 4T [3]. H EI SR,
39(2): 459-468. Wang Yuan, Niu Shengjie, Lv Jingjing, et al.2019. Analysis of a cumulative event of
nano-scale aerosols and a strong fog during winter in Nanjing [J]. China Environmental Science (in
Chinese),39(2): 459-468. doi: 10.3969/j.issn.1000-6923.2019.02.002.

T, HFENR, BB, PRGN AR X A 248 5 55 BRARHAE IR0 A 75 [9]. o R 274
BkF142,2021,51(12):2098-2111. Wang Yuan, Niu Shengjie, Lu Chunsong, et al. 2021. Observational
Study of the Physical and Chemical Characteristics of the Winter Radiation Fog in the Tropical
Rainforest in Xishuangbanna, China. Science China Earth Sciences. doi: 10.1360/SSTe-2020-0332.

SESEME, AR, bbb, . BRSSO AIL IR L [0/0OL]. KR4k, Wu Haopeng,
Niu Shengjie, Lv jingjing, et al. High resolution observation of radiation fog microstructure [J/OL].
Transactions of Atmospheric Sciences (in Chinese). doi: 10.13878/j.cnki.dgkxxb.20211229001.

Whittaker A, Berube K, Jones T. 2004. Killer smog of London, 50 years on: particle properties and
oxidative capacity [J]. Sci Total Environ. 334/335: 435-445. doi: 10.1016/j.scitotenv.2004.04.047.

Wolfe G T, Monson P R, Ferman M A. 1979. On the nature of the diurnal variation of sulfates at rural sites
in the eastern United States [J]. Environ Sci Technol, 1979, 13: 1271-1276. doi: 10.1021/es60158a010.
MER, REZE, TR, FORAIE BRI K Z A N R AR OV B A R [3]. B
#%,2020,65(Z2):3118-3133. Xiao Yao, Wu Zhijun, Guo Song, et al. Formation mechanism of secondary
organic aerosol in aerosol liquid water: A review. Chin Sci Bull, 2020, 65: 3118-3133. doi: 10.1360/TB-

2020-0713.

PO, K EE, BEERT, 482019 0LIR R AT RAFIE A 5 AR T HIR R [J]. AR EHE, 39 (04),
477-487. Yan Wenlian, Liu Duanyang, Kang Zhiming, et al. 2109. The characteristics of ozone
pollution and its relationship with meteorological factors in Jiangsu [I]. Journal of the Meteorological
Sciences (in Chinese), 2019,39 (4): 477-487. doi: 10.3969/2018jms.0065.

W%, TR, AFEE, 55 2010, BRAZES HE IR TR BRRAS B RO BRFE [J]. PAEERL,
(07),1425-1431. Yang Jun, Niu Zhongging, Shi Chune, et al. 2010. Microphysics of atmospheric
aerosols during winter haze/fog events in Nanjing [J]. Environmental Science (in Chinese), (07),1425-
1431. doi: 10.13227/j.hjkx.2010.07.003 .

M IR 1962, LR H KR [J] Bl i@k, 13(2):28-32. Ye Duzheng. 1962. A recent

development in meteorology [J]. Chinese Science Bulletin, 13(2): 28 — 32. doi: 10.1360/csh1962-7-2-28.

SOGHE, AR, E4kE, & 2005. dbnU A JEAHX I A ERHE [J]. 0 ERY: D R sk

17



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

B2, (35), (I): 73-83. Zhang Guangzhi, Bian lingen, Wang Jizhi, et al. 2005. Boundary layer
characteristics of fog formation over Beijing and its surrounding areas [J]. SCIENCE IN CHINA Ser. D
Earth Sciences, (35), (I): 73-83. doi: 10.1360/z2d2005-35-S1-73.

sk, TE=Z, o, 4. 2004, W18 BUE BRI S RHE ) — JOWIAT 78 [J] = RS
%.,23(5):475-484. Zhang Qiang, Wei Guoan, Hou Ping, et al. 2004. Observation studies of atmosphere
boundary layer characteristic over Dunhuang Gobi in early summer [J]. Plateau Meteorology (in
Chinese), 2004, 23(5): 587-597. doi: CNKI:SUN:GYQX.0.2004-05-003.

AL, PphAE. 1981, HLRYARE SO ALV I R b BOBR A MERFAE [9] K UREY:, 1981, 5(4): 407-415.
Zhao Deshan, Hong Zhongxiang.1981. Some burst characteristics during the process of occuring and
dissipating of typical radiation inversion [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
1981, 5(4): 407-415. doi: 10.3878/j.issn.1006-9895.1981.04.07.

M PR, X OCIE,, WA, F.2010. 08 L AR KRS B R I E B 2 I 5 g b
[J].3t Bk ) # % # , (6),1278-1283. Zhu Yanwu, Liu Wenging, Xie Pinhua, et al. Monitoring and
analysis for vertical profiles of air pollutants in boundary layer of Beijing[J]. Chinese Journal of
Geophysics (in Chinese), 2010, 53(6): 1278-1283.doi: 10.3969/j.issn.0001-5733.2010.06.005.

Zou'Y, Deng X J, ZhuD, etal. 2015. Characteristics of 1 year of observational data of VOCs, NOyx and

O3 at a suburban site in Guangzhou, China [J]. Atmos. Chem. Phys., 15(12), 6625-6636. doi:
10.5194/acp-15-6625-2015.

18



