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Abstract The underlying surface of China is complex and the driving factors of the boundary layer
are numerous. At present, there is a lack of comprehensive analysis of the boundary-layer height and
its influencing factors all over China. This paper uses the K-prototypes algorithm to cluster the
boundary-layer height and its twelve possible influencing factors and studies the regional features of
the boundary-layer height and its dominant influencing factors in summer over China, based on the
high-resolution radiosonde measurements from CRN from 2012 to 2016. The results show that the
boundary-layer height of the 100 stations at 08:00, 14:00, and 20:00 can be divided into four regions:
northeast of China, southeast of China, northwest of China and southwest of China. On this basis,
the paper then analyzes the dominant influencing factors of the boundary-layer height in different
regions at different times, and studies the possible mechanism of how these factors affect the
development of the boundary layer under different thermodynamic conditions. The results suggest
that the development of the stable boundary layer at 08:00 and 20:00 is mainly affected by the
turbulent dynamics of the wind speed, while that at 14:00 is closely related to intermittent turbulence.
The development of the neutral and convective boundary layers is also mainly driven by wind speed
in the morning, while at noon it is mainly driven by the turbulent thermal caused by higher surface
temperature and larger net surface radiation flux. What’s more, the cloud amount and specific
humidity in the northeast, the latent heat flux in the southeast, the sensible heat flux and specific
humidity in the northwest, and the sensible heat flux and soil moisture in the southwest can also
affect the development of the neutral and convective boundary layer through direct or indirect effects
on thermal turbulence. At night, because of the time difference, wind speed tend to be the main
influence factor of the neutral and convective boundary layer height in the east of Chine, while in the
west of China, the main influence factors may still be the thermal factors. In addition, the leaf area
index in the north of China regulates the specific humidity by vegetation transpiration, and the
specific humidity can affect the boundary-layer height by regulating the surface energy distribution.
Finally, it is worth noting that the surface pressure can affect the development of the nocturnal
boundary layer in the northeast of China by influencing the ascending and descending movements of
the air flow.

Keywords Planetary boundary-layer height, Influcne factors, Clustering,
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KA )Z (Planetary Boundary Layer, PBL) J& KA H B 252 Bk R [H 52 M X LE i
K2, SANREENEHEVIG, HX RS AURMKSCIEIA A E RGN (Dang etal., 2016) .
BT #I15AE, RAAFIZA 0 it FiEfiE il iz (Zhao etal., 2017) o KBS
JZ &% (Planetary Boundary-Layer Height, PBLH) & i KL A ZEMF IR g —,
S R, HEETRGRR, HERTS I BOBIK (Zhang et al., 2013; Xuetal., 2021a),
B DA F8 R0 5 2 i B T 48 7 R0 B DA a8 S A0 it i 3 el £ PR I = v A0 LA B
#& Y (Liuand Liang, 2010; Zhang and Yan, 2014; Zhangetal., 2014) .

A5 T KRR S E = B s R S s HLE e L U . BEIRR I, AR
Em FE SRR T . MR IR B ARl B8 S IEAHOC (Dang etal., 2016; Guo etal., 2016;



Zhang etal., 2017), {#ARGMAM R SHRFREN A E GGE—1#%%, 2018) , &M
IR 2 P ECE R Rl R, WL SRR (Miao etal., 2017). 7 KM HI7K
SRR T F B Sl BRI SR R, T S AR A R R,
TGPl B, PGB ERC, Fmimil R E KR (Sanchez-Mejia et al., 2014; Pal and
Haeffelin, 2016) . U5 ZEmEIE SR NGE R IEMHIC (AL, 2020, HEFSE, 2022) ,
2 RGN A AR RS, A5 R S R (BRI AE, 2007) , HBJE AT DLdE
S R AN R T T 38 ALE i % 8 (Rihani etal., 2015) o Jth4h, FGTHE R R E T
(e FExt i FZ M R R E EE/E M (Stull, 1988) , {HZ M B0l il fs bk, 5T
e 510 F 2 5 B 22 1] RO o3 A T T2/ DL i o

AT IR E M Il . B . SEZ A, ARMXESGER. KgAK
RUEBIMEER N ZE S, R 0 72 o B B B B 25 () A A RRAE ,  ELAS [ X 3= 52
K7 & AAHE (Guoetal.,, 2016; Lietal., 2017; Darandm and Zandkarimif, 2019; 775 #%
8, 2021) o A0 REPEILTEEX, #RHSEECKIAR, EEMD, TETER, RAGEER
e, HRIRRE, HRZDZ, KSRGS, Hme oo st E R o vl &,
HNOEHERN T KRG RER KR (Wang and Wang, 2014; Zhangetal., 2017) , Bt4h,
THHMEFR S RAER, FHAbH X — M REECR, S ERARI T RRIARER R RE (5K
S, 2007; FKERAITME, 2008) o MIREELREHIXEEESRNES, LRSS, EHdm
BRI R R E R (Xuetal., 2021a) , FLH5R M 2 258k & 2 g 48 3 1 T
B, ARTFURZERRRE (Zhanget al., 2013; Zhangetal., 2017) .

SRS, PE XA R AR E AT AZ, BRI K2 R R E X 35
FOAN R s, AT AT SR = ) 4 B 2 52 s B R A s Rl T 2R G v .
Gb, BT ISR E R R T 10 22 B DL AN TR S X 52 s FE R R 1 22 e, R
8Tt 77 V2 DLEEAT AT A 7 . ISR A N TR Re Rl R, R I 5 K L
WHAERGMAMGE S, M REEIEH TSGR 70 AT DLES B FATT 5 4 bR T b [X
ZMESR . AEWREXNTREFEMNHCARL, W Fang % (2021) FJH k-means &
Dok R A IR ER R 5N 4 255 Dinpashoh %8 (2004) | H 73 )2 BB AN BHBE K Sk X
ik, RIH 6 MK BT A 1 AR SEIE X s Shi 55 (2020) % SR
BT 661 MG 5 MR EHIRE LA 5 A AEK ;s He 55 (2021) FJH k-means H
PR E AR E =W KRR S K. BT RBEEIEE SR T A R0 78 Ao 5 90 ok
R FA, BARSCILR F K-prototypes 220 i [ B 2R F4 2 A FESE 6 12 AN mT R s (R 7 gk
1T, DR b B X4 2 2R i 52 v B I XM R AR A S ZE e e R -, FAE b el |
PRICIX LE R 7 IR EN A R AR T2 K (] REALEE

2 BRI E
2.1 BIRER

AR TR ESRREAR 2012 £ 2016 F L B PER (1.2s) LLLHIE TR,
ZHORHREL T 120 ASULIESZESE H 00:00UTC (08:00BJT) A1 12:00UTC (20:00BIT) ML LL
Fe iR M E E 2 (6-8 H) BN 4aH 06:00UTC (14:00BIT) [HIna W, fEiHEIL R
FERE R, IRAVEX A ORA RS NS ST T R R, kR TR B KUETE
ERESEER 78 AE L SAT B R T 30 M RFEAR M £, A 100 ANk ol il 7 i
B, tAh, ARSCATE R RE . SR, REEA =B E M L BAR S R iR B, Ho
75 00T 55 ) G A B AT R (Xuetal., 2021b) , 1 SCH T = B BUE MR A5 1
[T S PR A 3l i 2



BRI Rl A R e 5dE % (Global Land Data Assimilation System dataset, GLDAS)
F2 I [ [ XM 2 i R R0 R I 5 B 55 10000 wh oL R T R BB — AR T 3 42 (Rodell et all.,
2004) , BLE Sl SR BLIK S Fh ) BB AR Sl R . AR IR E IR A L KR S I
L R ESTEE . BHGEE. BB R RS Z N GLDAS I, HKEEERA
0.25° X0.25° , B[R IE = /N, B[] PR IZe B R s Bk x) B — 3,

ASCHT R BERHE AL E T R P TR O 4R 1) ERAS 3B /N P73 A 5B (Hersbach et al.,
2018) FPHTHIAFEE, HKPE PN 0.25°X0.25°, R HR A (] 5 3R 2 G & R B[R] —
.

22 ARFIE
A Liu-Liang iK1 72 & FE CBOIE LA (Xuetal., 2021a) , ZTEKARE

XHAL YRR E =R RO PIRE S, i A FER PR F R Z S (Liv and Liang,
20100 o o, XL AR KRB 8 T LN RS BORME A EAT (BB ShPa (M EHTELRE, /51t
HEEHLAT 25hPa (35 T0)2) HI 10hPa (5 —J2) Z [ HIALiRE 2 (Potential Temperature Difference,
PTD) . £& PTD H 524G & 115/ 100m =44 Richardson (Ri) #{— iR Hlih fE#J7
IR

(D Wk PTD &F 0.1K H Ri NIEfH, Wiz

(2) Wk PTD A~F-0.1K 1 0.1K Z[6], Ry kil 52

(3) HAhPFAG L =48 TR =
e TIAFERMGE, St EARBIPRE THAR RS, S il 5z s R
HITEN: NHERFTLE, RSO & M ALIR S R A 2 K T3 —e i, HALESE X
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00,20 4nq 0,2y 2.1
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K-prototypes HE S K-means B 9 A G b F SR EE, H o FH I HAARS0E
JEPRAN T AT I 55 . I X B, K-prototypes 57k 5 K-means L 1EAMT 5T 45 56
HIIE 22 5%, AR 45 T K-prototypes HiZE#EAT K145 R (Huang, 1998; Huang and Ng,
1999) . K-prototypes ik SIS BT FH A AR [A) A% 58 1) PR 8 D B CRE 88 Ctoxod 2504 g 2
P FIDERE CBEX K@ S ) o KRS, FATH A -SNE SFidkxf SRR ah Rk AT 4t
A #H4L . t-SNE (t-distributed stochastic neighbor embedding) & FH T AE £k M [ 4E i) — Fh AL 25 27
2J5% (Maaten et al., 2008) , HoAZCo ARy CRAEAEARYE = 18] (1 808 70 A1 55 IR 4R RFAIE 2% 18] 7
A o A AR R AT RE R iy o AR T8 B Rz R T 0 e 4R S 2R JE AT B4 v AL,
DA 1 W UL UE SR SR 025 ) mI S MR AN BSR4 AL A7 2501, 1 Fang 4% (2021) &G HI A t-SNE
R BB R R AL g S AR I SRR R

AN, AR T s =k AR B B ] (variable importance in
projection, VIP) it 5 & PR 5 JZ i BE I DTRG0, 12079 AT DAY bR AR &[] 22 =1 L 4
PR, BRI 2 AL R e — e H AR R AR BRI M R . — I, VIP>1
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Table 1 The correlation between boundary-layer height and different meteorological factors

INRVN at 5

/BIT Ts SM LAI SHF LHF NRF Ps A\ SH CLD

08 0.23"  0.14™  0.07"  0.177 025" 0277 020" 045" 0.19" 0.07"
14 0.22"" 046" -038" 046 -0.12" 042" -0277 015" -0.49™ -0.32"
20 0.07"" -0.44™ -0.44™ 0.52™ -0.02" 049" -034" 029" -045" -0.19"

e *FRONEN T EEE 95%M B AR, Rl T BRI 99% [ 8 5 A .
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Fig.1 Spatial distribution of 100 sounding stations over China divided by (a) topography and (b)

vegetation coverage
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Fig.3 (a) The classification results at 08:00 in summer and (b) the contribution of corresponding
influence factors to the boundary-layer height in each region after clustering (* indicates that the VIP
value of this factor is greater than or equal to 1, implying the significant effects of the factors on the

boundary-layer height)
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Fig.4 Similar to Fig. 3, but for 1400BJT in summer.
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Fig.5 Similar to Fig. 3, but for 2000BJT in summer.

40 40 40 40
—e— 0800 BJT —e— 0800 BJT —e— 0800 BJT —e— 0800 BJT
(a) —o— 1400 BJT (b) —o— 1400 BJT () —o— 1400 BJT (d) —o— 1400 BJT
20 —— 2000 BJT | 59 —~e— 2000 BJT | g9 —— 2000 BJT | 5 —e— 2000 BJT
20, 20 20,
10 10 10
O T000 20003000 40005000 T000 20003000 4000 5000 L0 1000 2000 3000 4000 5000 L0 H000 2000 3000 4000 5000
PBLH (m) PBLH (m) PBLH (m) PBLH (m)
100 100, 100
(e) () (g) (h)
80 80 80 80
60 60 60 60
40 40 40 40
—e— 0800 BJT —o— (0800 BJT ——o— 0800 BJT —e— 0800 BJT
L ~—o— 1400 BJT 2 —o— 1400 BJT 2 o 1400 BJT 2 —o— 1400 BJT
~—e— 2000 BJT ~e— 2000 BJT o 2000 BJT —e— 2000 BJT
6 g g 4
7000 2000 3000 4000 5000 000 2000 3000 4000 5000 7000 2000 3000 4000 5000 7000 2000 3000 4000 5000
PBLH (m) PBLH (m) PBLH (m) PBLH (m)

B 620122016 F A EKE (a, e) AdRE., (b, ) ZéEE, (c, g) HREF (d,
h) BHREKRAARESEN (a, b, ¢, ) MESHLE (e, f, g, h) ERAESH
Fig.6 (a, b, ¢, d) The frequency distributions and (e, f, g, h) cumulative frequency distributions of
planetary boundary-layer height in the (a, ¢) northeast , (b, f) southeast, (c, g) northwest and (d, h)
southwest of China during the summer of 2012-2016
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Fig.7 The correlation between the significant influence factors (VIP top 4) and the boundary-layer
height under different thermal conditions in the (a) northeast , (b) southeast , (c) northwest and (d)
southwest of China at 08:00 during the summer of 2012-2016 (* indicates the correlation has passed
the significance test with 95% confidence)
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Fig.8 Similar to Fig. 7, but for 1400BJT in summer.
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Fig.9 Similar to Fig. 7, but for 2000BJT in summer.
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Fig.11 Schematic diagram of the boundary layer development influenced by its dominant influencing
factors.

(The blue grey and red horizontal solid line represents the average height of the stable, neutral and
convective boundary layer in the northeast of China. The percentage represents the occurrence
frequency of this type of the boundary layer. The blue, gray and red horizontal dotted line represent
the heights of the stable, neutral and convective boundary layers when the influencing factors of the
boundary layer are abnormal. The positive anomaly and negative anomaly factors are represented by
the red up arrows and blue down arrows. The black arrows indicate the influence processes, and the

gray arrows indicate turbulence.)
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