550

Eco-Emvironmental

Enowledge Web

18t

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

ETHI RGN HKERBES D RSGZE
B, WFE, B, F=E, &7, BEN, FHY, FE

2021558

428 Es5W
Vol.42 No.5




W % A3 EULE £

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 465 A 15 H

H K

JE54 % P, AL CR BRI AR IERDRIIE -ovvveess e forl, Tabs, B0, BEE, TH, 98 (201)
HLETHLK 2019 452 ~3 F HERELE SR S BV TS L B AE AR - veeeeeeeesseeese e, Fuste, Egd, T4, AHE, R (2110)
JE5T 2019 A4 22— K MR 5 15 P REAIE 5 LRI Z3ATT +oveeeeeeeeeeeeeeens B, mik, KE, B2, HAE, BEH, R, #HE (2121)
R R3S =Ry I By TAS B2 ' 19 4 ARKLRALIRCRCAAS MG, RER, R4, &, W EEL, FW, kAL, EOL, BEWA (2133)
RIS o R IX R IR 2 %8 PN K A 8 4 J 1 05 e I LA S KU AT v B, RTH, FRE, AFE, TAH (2143)
PTG T2 S5 Y A BT R AE R TTAR «overeeeemennenennns T, O, RN, KXW, AE, EEE, F& (2153)
R AR HE S TR B TR ISR A BB P B T HE UK GRRAE «veveeeeereseesseeenns WAB, T8, B8, BTE, THH, Hie (2159)
AT E RS P E YRR RSB R IEAHT oeeeeereeeeesnns Z0%,IMEX, KRR, THF, TAT, £E8 (2169)
HR T A0 O ] 25 2 5o T AG IS o veeververeeneemenmenmensisinn EFEOENE, R, REITR, WMEE, KEHF (2179)
2016 ~2019 4FYL P RS PAFE G KGR TGP overeeermmrniennneen wB, W, EAE, K& BHE, A, KR (2190)
RANACHIR TR 25 A REAE overeeeeemeeensieiin K, TEW, A, BEA, AXE, FRT -FHE (2202)
TR RIITT K IEREE A AT +vvvresseonsssenns wFk, ARK, BE, 25, £, AEA, £3%, I (2213)
FKAR Chl-a TSI ARIMA AR BRI FATAL  oveeeeereermemmenenenene e 2,28, DEK, BHE, BET (2223)
FAPEM K TR 22 5 BB AR LRI oo TH#, R#F, KE, K, UL, KEE, 284 (232)
SAUHFRRI PRI R RN - KA, SR, 2, A, B—, #%, kXA, BRE, B7 (240)
B AIE TP T I KR A A E TR BRI ZE o vevereeververeennesesinnisneis e Rde LR, BT, &, FiE (2251)
T B s A N R o Al S e WO b i e 2R N 105 1. ETRISERE T K&, AR, AE, FAR, BXE, 244, &k (2260)
TR a8 Bty N Gl S S A T PR fEd, BRE, BEB, YH, ¥ (26)
VKERRZS T 1K B KK P B B T 5 R 22 5 oveeeee e B, e, BEE, HE (2276)
S A TS BV BB 2 ) 25 AT LS E A ] oo S, Hik, KR, BHE, ARR, BEF (287)
K& E P U 5 IR E R AR 25 [0 22 5 LHFE AR R oeeeeereeeeene mE I, B, RS, BEA, BT, xFE (229)
g R DX MR SE K PR TR R SR VR SRR SO IR F A OEZR woveeveeneeeeeenns IR, uE, T, I, TAH, TEF (2303)
BRI A DR B BRI ooeeevreeerenn 2, TFE, AR, AR, ZWHE, T, WXE, BAE, B4 (2313)
SRS AR B B B BRI -+ eeeemerereeessemere e B kE, ME, HES, BBE (2324)
BS-18 BB RZIE 1 6 ISR E R R R A TS Y I vvereeemeerneeeeiiis EHak, ZWAE, Mk, £, Hu A, FE (2334)
Ag, PO, /g-CyN, Z A AT T 5 BT Wb AEfbrtag oo BlEE, AER, ELE, BRD, BBE, BEK, Joseph Acquah (2343)
A USCERE T B T B B TG RRERFRABALEY A +vovereerereeresserensnensnese et RIE, BE, BIE, ABE (2353)
BRI 2 E AR & R T AU PO B R AL BB HIG YR e &L, R, HA&, Bk (2360)
BB AL B 5 B I 2 TR BRI v verereeenmenene st B, TR, WEE, TLHE, AaW (2370)
ARG E WAL A BB T 2K UHLL  oveeeereereermenmenren e AN, BILE, FK, BEA, KA (23718)
BRI R AR B M TS TS KA R RS e s 17 M5 e BRI e FA, MEE, W, F0h, KiFE, TXE, K& (2385)
SR AR 15 U8 5 SR A S BRI 1 B A LR BE S oo BAK, ZRE, R, TRE, BAE, WK, EXH, £F (2396)
T BRI TS TR BT B R T2, coreeeereerere st Bk, A EE, FEE, T4E, REE, $& (2402)
T A BT 3T AL 5 DR S A PR A RO SR R A T A AR AR IR v Sfem, I, EKE, REA, Bk (2413)
6 A 7V WIBS IR SRR IR eeeeremremremremeeeeeees RE, EEY, THER, F6F, IR, ¥iF, AT (2422)
o ] R FH A A LIRS FE B 25 [ A S B IR weeevereeereneere st s B, Tibd, BRY, 4% (2432)
RIS R I KT T KRG A HUBRE AL BT TARAE -vvreveeeereeeeeems e

.......................................................................................... ;‘u];/ﬁ, gq—,ﬂ, %@’r, %H}E@i,ﬂﬁﬂ, %ﬁﬂk, %@ﬁ (2440)
T 96l e I b 398 P R AR SR DR 3R A3 - IR 2 L RIS AR X A ] eveeeeeeoe %, K, FRE, Fes, ML (2449)
EETYICT BRI M IR AR T T RBTGYTY veeeereermeresr WHEE, TRE, 200, FRE, BEL (2457)
K16 AL T G WU % ST 2 J T O AUPE BB vvrerereeseresesnseneses st sttt

...................................................... TR, hWE, KHWE, RUE, BRE, AFE, A, 1LE, 2HE, TH (2469)
SR X A3 54 AR T A R T ereveeeeremsmsesesensmees e B IR, BEL IRMK, B, AEE (2480)
TIRAEURHC T IEHL R IX 540D ST IR0 25 80 S A E BT B KBV oo Wi, BUE, WRE, T4, 6% (2490)
T4 B B PR A 3 Cd WY S B S P R I oo eeeeveeeeeee R, 25, LEE, 6%, TRF, Bk, 1), ## (2502)
RS Y R K 208 B KRR BB R «vvereemeee kWi, WK, BEA, KR, B8, kB, KFE (2512)
TSR E UL P e W B B B LA B KOS 4 CA BT -oveeveee e B, HERE, XZAH, $aE, HF (2522)
b R R AR A AR AL TR A b S ST BT R G5 R BT RE IS v vevveeeemme s ", KB, RER, BXE, HF (2531)
Yl 5T B IR I H A ML D] SR MIETE  wereerereerereese s st s BE, BT, LET (254)
3 A FBR R A B AR R ZGPERY R oveeee e EW, BV, B, X4, MR, X, AR (2550)
15 7K HAE R P M BB B LR TR «veeeeeesese s W, BE, EUN, BHE, REE, AEE (2558)

(RERAVEITIR S (2439)  CREIRPE) IERRTIN(2479)  fRUE(2152, 2231, 2286)



)
er_j;ﬂrﬁ In BB R = 55424 H55H 202145 1

Eco-Environmental

Knowledge Web Environmental Science Vol42,No.5 May,2021

b5 2019 £ X ZF— )k BRI 5B 5 454 5 R F 44

BRI, Bk, sk, BRXE?, B/ R, BT, A P
(1. lﬂﬁtﬁ”ﬂﬂi?ﬁ'ﬁ%ﬁ%ﬁ , PE2E 710127 2. REFAE ﬂ”ﬁﬁﬁﬁm, jt/a 100012; 3. AR FEE ORI B2 058 i B
AR W, Thmd 250013)
WE. ﬁﬁﬁﬁjl’,aé@%&%ﬁ ISR TE YRR AR, LAAE A 2019 4F 12 H — kA PM, 15540 ﬁﬂﬂéﬁﬁﬁ% FI AR
T EPRMGORE 5 TR S G55 AT b i T 58, X3S [R5 3% B B B ARPAE 5 100 42 SR R I A AR AT 276 o0 BT S R 3R .
O] I e 2 PR TS AL LR I 5 d, PM, /NI J8 F 5 220 pg-m > 5 8 Y5 1%/&5’151‘0\;5&[353% Q@ma
FOB TR SR ¥ R E T, 2 b 50 74 w3 vl 70 b 2R 1) SO I K YR A (o LU 48% ), 7 30 1 J2 vt v 5353 XL (KU 1 ~ 2
s71) I HBSE R (0. 8 K- (100 m) =" ]IS I (HHXS R 80% UL)ffﬁ*ﬂ?fﬁﬁ%m%/ﬂﬁFTﬂiﬁ%Zmiﬁk,JJHZZIKHQ/GW
ﬂFEJI B SR HAERER EE RN, BRI QN E | SRR AR %ﬁ%(ijﬁﬁtw\o 05 F&Z 0.02). @4 gt i (i i
SRS PEEAEEER B RN B AR ) AR EE T Y R A S A RO EE A L IR I R R S I (VNI B R 77 % ) 5 Gl — A R
8) G, Wi I GE Tt T 4 B V5 Y A 2 N2 SR FRUHR 6 A , G v i 3 B 3 v 7 8 T 194 A 55 R 06 5 7 R 2 i O
ST G, 15 e SRS BRI (0. 04 ~0.21 mes™") VLS 2 (F{E 0. 678) Rl i 2l fiE (1 0. 643 mz-sfz)%ﬁ]?ﬁf%f
BARKT IRERAIREY HRE Sy 522, W5 Y e ek SRR S AR, 55 A R 38 K 8 ﬁmiﬁmf@ﬁﬁjﬁxiﬁm‘; ﬁz%ﬂﬁ
S H BRI AR AL RRAE | S5 IR A (20 Wem 7)) BRI R /N (60 Wem ™2) 5 (ﬁ%ﬁgm@ﬁfoﬁmﬁ
KHER . %E/? PRI TS YRR s RREE s I REEEN ; IR 1 f i
FESES. X513 XEARIRME. A XEHS- 0250- 3301(2021)05 2121-12 DOI; 10 13227/J _hikx. 202008258 ¥ ‘

Analysis of Characterlstlcs and gahﬁes Of a Typlcal Haze Pollutlon in Beljlng 1n

the Wlnter 0f2019 s &y »
LIAN Han-yang', YANG Xin®" ZHANG Pu CHEN Yi-zhen” YANé Xiao- yang , 'ZHAO Yu-xi’, HE Y.Ou-
jiang” , ZHAO Dan—tlng vy J

?.J

(s d:;)lleg'e of Urban and 'Environmental Sc1ences N_prthwes{' Um-versny, Xian 710127, China; 2. Chinese Research Academy of
Environmental S(’len(’e% Beijing 100012, Chlna 3. Shandeng EnVlronmental Protection Science Research and Design Institute Co.
Ltd., Jinan 250013, "Chma )

Abstract: In order to study the pollution characteristics and causes of winter haze pollution in Beijing, a typical PM,  pollution process
in Beijing in December 2019 was used as the analysis object using aerosol vertical detection data, boundary layer meteorological field
and near-ground turbulence data, and the difference in haze. The characteristics of the pollution stage and the evolution of the physical
and chemical characteristics of the boundary layer were comprehensively analyzed. The results showed that (D the pollution process in
Beijing during the observation period lasted 5 d and experienced two generations and eliminations. The maximum hourly PM,

concentration was 220 pg-m >

and the time exceeding the severe pollution standard was 64 h, thereby accounting for 53% of the total
time. @ The aerosol optical properties and meteorological field observation data showed that the pollution originated from the regional
transmission of aerosols and water vapor on the surface of the southwest urban agglomeration in Beijing, which accounted for 48% of the
total pollution transmission, followed by a stable high-altitude situation and ground pressure field configuration. The near-surface layer
maintained weak southerly winds ( wind speed: 1-2 m+s™') | a strong inversion temperature close to the ground [0.8 K+ (100 m) ™' ],
high humidity (relative humidity above 80% ) , and other unfavorable diffusion weather conditions, thereby promoting the accumulation
of pollutants and the conversion of moisture absorption. Superimposing local pollution emissions were the main reasons for the
maintenance of haze days. In addition, the near-ground extinction coefficient increased from 0.070 km ™" to 5.954 km ™", and the
depolarization ratio decreased from 0. 05 to 0. 02 during the two pollution generation and disappearance processes, thereby indicating
that the spherical characteristics of aerosols gradually became significant as the pollution increased. 3 The analysis of the turbulence
observation data showed that the characteristic quantities of different pollution stages were significantly different and negatively
correlated with the pollutant concentration. Before the occurrence of heavy pollution, the turbulence statistics (turbulence intensity,
friction velocity, and turbulent kinetic energy) suddenly decreased from high values (the hourly variation rate was 77%, thereby far
exceeding the daily fluctuation of 33% ), and the turbulence intensity responded first. During the pollution accumulation stage, the
friction velocity (0.04-0.21 m+s™"

m®+s™?) were maintained at a low level, and the bottom atmosphere had a poor mixing and diffusion ability, which is important for

), turbulence intensity (average: 0.678 m®-s ), and turbulence energy (average: 0.643
y g 2y g
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continuous pollution accumulation. Four hours before the end of the pollution event, the turbulence intensity again showed a sharp
increase (increment of more than one order of magnitude) ; thus, the turbulence intensity can be used as a predictive indicator of the
occurrence and end of a heavy pollution event, and the response time is the same as the continuous turbulence intensity after the
turbulence peak. In addition, the sensible heat fluxes on sunny days and haze days were both transported from the ground to the
atmosphere, and showed clear daily single-peak changes. The sensible heat flux on haze days (20 W+m ™) was smaller than that on

%2 in the whole process. @ There was a feedback effect

sunny days (60 W-m™?). The latent heat flux was approximately 0 W-m~
between the meteorological conditions of the pollution layer and the boundary layer. On the one hand, unfavorable diffusion of the
meteorological conditions was conducive to the accumulation of pollution. On the other hand, the aerosol layer and water vapor cooling

effect that accumulated near the ground were worse than the night cooling radiation on the inversion layer The contribution was greater,

thereby further inhibiting the development of turbulent motion and ultimately resulting in increased pollution.

Key words: haze pollution characteristics; pollution causes; air transport; boundary layer structure; turbulence characteristics
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