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Abstract Aerosol lidar and radiosonde are the two main methods used to detect planetary boundary layer (PBL) height.
Based on three consecutive months of lidar and radiosonde data from November 2017 to January 2018 in Beijing, the
detection methods and calculation results of PBL height were analyzed and compared for three kinds of weather
conditions, that is clear, hazy, and cloudy. The results show that the three methods (gradient, standard deviation, and

wavelet transformation methods) based on the lidar extinction coefficient extracted the PBL heights well. The PBL
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heights calculated by the standard deviation method in clear sky were higher than those calculated by the gradient and
wavelet methods. The average PBL heights obtained by radiosonde at 0800 LST and 2000 LST were 1176 m and 1224 m,
respectively. On polluted days, the calculated results of the standard deviation method were lower than those of the
gradient and wavelet methods. The average PBL height obtained by radiosonde on polluted days was about 956 m, which
is a decrease of more than 200 m compared to clear days. In heavily polluted days, the lowest PBL height was 562 m.
There was an obvious inverse correlation between inversion height and the PM2.5 concentration. During cloudy days, the
PBL heights determined by the gradient and wavelet methods were very close to the cloud height, and the results
calculated by the standard deviation method were slightly lower. In general, the height of the boundary layer calculated
by aerosol lidar did not decrease significantly with increases in the pollution level. In contrast, this height increased in
heavy pollution, which may be due to the continuous accumulation of pollutants. The standard deviation method was not
susceptible to the influence of the pollutant transport process, whereas the PBL height determined by the gradient method
was susceptible to the influence of pollutant transport, with the results being slightly higher than the inversion layer.

When the PBL height determined by lidar was affected by the residual layer, it was also higher than the inversion layer.

Keywords Boundary layer height, Air pollution, Lidar, Radiosonde
1 5§ BB SO SO TR (Tang etal., 2016

KAILGE R B i IR RE, HERE
28 1~2km, EHEZEZ B HRRIE T, X H
R E (P LI TE] DY 1 h BUE B/ (Stull, 1988)
KRB )ZEERKRRARZH — N EERSH
(Seibert et al., 2000), ‘& &R ESH AL FE T
) — AN BB E R @5 N RHE 5 e 7E
KAHIRE, By BELRaS 0 R E S E
FYIMG, MR ERE 75 R0 BN 5
wE, NTIHREAWREFTEE. URESE
(B A AR X R, A A H EE R (Esau
and Zilitinkevich, 2010; Sawyer and Li, 2013),
AR, Y COMREFm—fE, 2ERAIR
(A A AR H WO T 1 = S5/ 240 (Knight et al.,
2007) .

T e 10 5 2 v BE R A B . BRI 3
K PR T L B AN LU B 1 S R A
S o BT 77 #2 (Stull, 1988; Davi et
al., 20000 AR BB BN S5 5K ] Ui — P H
St e 14 2w R, 4 o d RO B 1 =X WRF
(Weather Research Forcast) Hi Hi 130 7L 2 5 i 3
A R T RS Re s A Ok ITE R (k3
WS, 2012; 3 = %, 2014; Banks et al.,
2016; TUAT4EE, 2019); I FH WM 5256 Sk i o 121 5+
JE R, AT LA 23 D) FE b TR U0 RN 28565 2 Ay
Bl R EEE (Nozaki, 1973; 7K U5 A 4857,
19970, LA J A B2 R I B 3 2 SR = B 3R A5
KRANRGHE . TR 75 G B i i & () 2 B A {5

Dong et al., 2017; Huang et al., 2017; Mues et
al., 2017). 152 B 4501 1 B R £ 22 R
B, BEBIRT, KRBV WHIETRE
& KSEZR A (Hooper and Eloranta, 1986
Sawyer and Li, 2013; Wang and Wang, 2014). [#
BB AR AR, IR LT Z &=
MHHEZ, FERMEIMNFELARE. HRE. B
IR, RS = m AR S, AN HL
7R R TR RE IR AR SR T B (R R EEAE
2009; EHESE, 2012; Quanetal., 2013; J&#EFK
4, 2016).

I RAG B R B AR R A Ll
PG AT A ) BL S i e vt S, A T BT R B 3R
13, o HER S vl R A R IR [ 8 I Z0HEAT W, ik
PR AT LR ORI R 43 A (Luan et al.,
2018) . ERIRTC L HELAR S BRI R IS [R) AR O [ 5, IS
8] 73 B MEAR, AHRH A AE R ), By
I3 Wil I v DX AR A AN 25 AR A R T B
(Seidel et al., 2010; Guo et al., 2016). —fIET
AL ER 2 2 T4 52 v P AT e e o il o B e KB
FrAE i BER A NIL R R R, R IRl Ak
AT BERRIAFZE . (2L X To 4 BRI
[[7908:00 CHbifIE], NFED A120:00, JiwlA
ZET, IR AN Z AR N SR FR IR S B
TR, EE S BRI 2 o A Sk #
DA AT FEAEIX J7 T 0 18 70 ROADR BEb . 1X
R ) R A g T SR T, AR XU
B RAB KU B ) 30 T A X vy A T



S EE K B WA 24 %

652 Climatic and Environmental Research

Vol. 24

(Stull, 1988; Seibertetal., 2000),

KA FE I EEA R 2 o 1
JIT A 38 7% 5990 2R () v A AT DA il 5 I e
(Mahrt and Vickers, 2006) . K452 1) i Ve
SMRAE LT E N BRI g, #vE DL ORISR B
o3AT, AE R ) B A SR IR AESRAR Y . AR
K T 5 G2 F 4 40 /& (Sun et al., 2013; Wang et
al., 2014), KPS EMRE . G s
5 B3R = DL YOS sh I RE, BT DA A
A R B R RAL LR S B (%
B, 2015) . IEIRBOLTE B AE R I BE N
Iz GRESREE, 2012; XBWESE, 2014; HE
&, 20160, FRIERSHOL, W EBUE BORL T
PO JE FHURAE 5 R SRR R ¥, B
A R ERIKE S S GER%E, 2015; Sor
A, 2017; ZFES, 2018). BTG YR — R
FEVTHUIET, 55 A B OB IR i i T3
E B, NEFERE B EE 2
AV AR RS BE BRI X 42k, A X — 5, B0
BIA A UNFL 5 5 h iR B R . BT
BOLRIEH LA EmERTE, R KR
J£y% (Flamant et al., 1997), #5ifE 275 (Hooper
and Eloranta, 1986) #1 /N J 7% (Cohn and
Angevine, 2000; Davis et al., 2000; Brooks,
2003) . X Z=AI5EE H SR 1T HRILFE T
FH B RS EXHETREME, WA FE
Ot B IE $R UL SRR v B 5 15 AN W i AT it
(Brooks, 2003; Yang et al., 2017; Bravo-Aranda
etal,, 2017), {HJELMERBFFENAFERAFLT,
X=MIPERIR EE T . BOGTERIAE B m il
[ ASE 1 T =, i R AN R () VA Bk B Ay
REEERMAFRFAZPE (Quanetal., 2013), Xt
TROEAF)ZE, WOLHE B A5 E = AT
HLIR I E A = S AR R BN 0.9, AfasE
THOL MR R B, WA TR IR Z R S5 e
P ETE, S R EOE TR IBH S LT Z S AL
HHE (Martucci et al., 2007) .

BARKTHOCHER ML IR T U= &
FERBFR O, B RE R BRAERS R, Xt
T2 & HRFZEG R AF T RIRBOL
IR E LR m T IER D, IanEAN R
KA T H B TE . bRt 227/ INBE )
TR B AZE0 T R m) i o6 R IR E i

P2 R SRR IR R S A2, dnf]
HEAT XS EEAN R 7 X0 75 G RARAHI W AT 3K
SHAAREE . A CE Gt Bk HE, ot 1
T5 R AR I REXT 1L 52 e BE RIS o

2 HEEMTIE

AT S RO B 8 A T Hh B R e K
SEB LT AP, WD KARIBFZEARR
EEEKESLRERN, HEMELLEEN
(39.97°N, 116.37°E), ¥R = E N 49 m. %A
WO TR IS RN K ZIWEFIE, Botss Rk
355 nm M1 532 nm P MURE SE K IO Bk ek, 229
WIEFEAN RS, KA R RHBOE = A KU
Forp 7 A1 2 180° B O (JF M) # S 8
RGN, H X6 355 nm. 532 nm P47 1
532 nm e B =%, IR G0 BRI E] 3 A
BIEM NG S, FR RS S SO B G 2 HUR
B GHmIRIL SEEE, B RAT AR
KA ZOETE AR 8] 4> HF R 2954 5 min /£
i, THEEESPRNTSm, EIETHE LK
WRINGAE—ENE X . T&AERSE OUE.
A R AR AHXHERD WECE IR TR
I FEBM R G, HEPRH S ZBAA (54511 3,
WE D, fTIbEmiFa X @, FEES
BRI TEIE KL 10 km A7, iZubul M &4
N (39.48°N, 116.28°E), k=& N34 m. 65
S PM2.5. PM10. A AMAE (NO). %k
Wi (S0, —%& 4kl (CO) MR (0, KN
PR B R Ok R 2 BE B ARV IO TR I 2 km
7 A5 () R R PR 5 M A B A R0 s (OSCS, L
Bl 1. BeAh, A SCAE A BT S50 £ R H
http://weather. uwyo. edu/surface/meteorogram/index.
shtml1[2019-05-27], 1% M 4k $2 {1k B8 WL E . R <
JE R AR . KGEMRKEE .

KTPURERERITETE, A TRERE
TIEHI R ChTERRE, HCRBOXEHER
TN AR T RREE . bRdEZEVE RN 3 FhoT v
KIEDOAL T IZ R BHYE G R B (L T2 R
M5 H R~ , RAEZEE T YR KE
(concentration) Z3 A K& 1. BHEE (H, ) M
e (H, 0 BHEIES A mAaX (D M
(2) iR



5 255 A IO B I R TG 28 FAR 2 WL A 5 2 o B R B 43y
No. 5 SHI Yu et al. Comparitive Analysis of Planetary-Boundary-Layer Height Based on Aerosol Lidar and Radiosonde 653

BT dbnt b DO &0, 20 SO BIARER R B R ST AT (AP W A0 EREIL AR R & (ERrgnid A ZBAA,

545115k 7 (SO [FAR R Hh B A8 IR i B A& 03t (OSCS)

Fig. 1 Distribution of observation sites in Beijing area. Red solid dot: Location of the Institute of Atmospheric Physics (IAP) of the Chinese

Academy of Sciences: blue solid dot: Location of Nanjiao station in Beijing, internationally coded as ZBAA station, also known as 54511 station;

cyan solid dot: Location of Olympic Sports Center Station (OSCS) Environmental Monitoring
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Fig. 6 The same as Fig. 5, but for Dec 2017
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Fig. 8 Profiles of (a) potential temperature, (b) relative humidity, (c) wind speed,and (d) wind direction at 2000 LST 26 Nov and 0800 LST 27 Nov
2017 at ZBAA station, Beijing
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Table 1 Boundary layer height /7, determined by potential temperature profiles from radiosonde on clear, polluted, and

cloudy days, and maximum, minimum, and average values of H_ extracted from aerosol lidar by gradient, standard

deviation,and wavelet methods m
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Fig. 9 MODIS image in Beijing-Tian-Hebei area on 21 Jan 2018
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