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attention to its climate and environmental issues. Research on the long-term boundary layer structure and its relationship with
meteorological conditions in the context of climate change is of significant importance. By using conventional meteorological
observation data from Fuyang, Anhui Province, high-resolution L-band sounding observations from Fuyang sounding station between
2010 and 2019, as well as the ERAS reanalysis data, we employed the bulk Richardson number method to calculate the planetary
boundary layer height (PBLH). The characteristics of the long-term PBLH variations in the Fuyang region were compared and
analyzed. The relationships between PBLH and meteorological factors such as 10-m wind speed, near-surface temperature, relative
humidity and surface pressure were analyzed at monthly, seasonal, and interannual scales using multi-year data. The discrepancies
between the observed PBLH and those from the ERAS5 were also examined. The results indicate that the PBLH observed at 08:00 and
20:00 throughout the year in Fuyang remained below 500 m. This was due to the relatively weak solar radiation during these time
periods, leading to under-developed boundary layer or transitioning towards nocturnal stable boundary layer conditions. The PBLH at
20:00 was higher than at 08:00, which is attributed to the combined effects of lower pressure, higher temperature, and lower relative
humidity in the evening, which led to a higher uplifting of the PBLH and surpassed the effect caused by lower wind speeds. The PBLH
exhibited significant seasonal variations regardless of the observation time (8:00 or 20:00), with the order of seasons being summer >
spring > winter > autumn. The ERA5-derived PBLH exhibited a generally consistent seasonal variation pattern with the observations.
The ERAS5 PBLH was 23 m higher than the observed PBLH at 08:00, primarily due to elevated wind speeds, higher temperatures, and
lower atmospheric pressure in ERA5. However, at 20:00, the ERA5 PBLH was 99 m lower than the observed PBLH with more
complex influencing factors. The multi-year monthly averaged correlation coefficients between ERA5 and observed PBLH were
relatively high, with values of 0.91 and 0.74 at 08:00 and 20:00, respectively, indicating the potential of using ERA5 data for
long-term trend studies of PBLH in Fuyang and southeastern regions. The fluctuation patterns of observed and ERA5 annual average
PBLH showed overall consistency over the years, but there is stable in the data of observed PBLH, while in ERA5, a slightly
decreasing trend is demonstrated (not statistically significant at p<0.05). At the monthly average scale, surface meteorological factors
significantly influenced PBLH, with atmospheric pressure and wind speed exerting a greater impact compared to temperature and
humidity. The multi-year monthly averaged PBLH from ERAS5 exhibited a significant negative correlation with surface pressure and a
strong positive correlation with surface wind speed. The correlation was stronger at 08:00 compared to 20:00; The relationship
between the annual average PBLH value and the ground meteorological elements is not significant, therefore, although climate change
leads to an increase in surface temperature and relative humidity, the change of annual average PBLH is statistically not significant.
Intensive observations indicated that both observed and ERA5-derived PBLH gradually increased from 02:00 to 20:00, followed by a
decrease, reflecting the typical diurnal variation characteristics of boundary layer height, with a deeper boundary layer during the day
and a shallower boundary layer at night.

Keywords L-band radiosonde sounding, Planetary/atmospheric boundary layer height, Fuyang, Bulk Richardson number
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TR A ZEE (Planetary boundary layer height, PBLH) FH LAZRAEZ L2 P #5006 ELVE S FEEE LA A i
X E 22 K (Bhumralkar, 1976) & 5200 K05 W AL Ay B 22240 (Bei et al. 2017) , [FAIA
e KA 5 R A — N E S GRS, 2018) o —LURFF0K PBLH AL /E N 5 4
TE RN A5 ) B IR 2% (Liu et al., 2013; Quan et al., 2014; Tang et al., 2016; Miao and Liu, 2019). Chen %% (2022)
X} e S G SR R PBLH BFE AT I AL, 19 3 5 s 134 S 2 A R T 75 98 e R R 5 505 e A 4
1980-2018 4[] IZE KHT, PBLH LA 1.8 K/ZEMITEEE N, 3l s Ui & R R EM IR RS, WS
YeIKFAT PBLH 2 (B4 2B R 7AHC (Miao et al., 2021)

Wi PBLH AR Z, FEAHAE: (LD ETWNPRREREL VLR Z e, 3y
S LR UL AT R B, - LB A (Seibert et al., 2000; 3K% 4%, 2020) 5  (2) @RS HALK Tk
T E R E . WRF B LA E S8 50T AT PBLH (Xu et al., 2019) o #5175
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BT RSEBRN A, ETHEAS RN PBLH 7R ZEAIN TR IS UE (FRAAN E 24, 2006; #XHIREE, 2012) .

PBLH i RN iiG a0, HbZRRS B AN & FhoOR SR B VA 5 (Patil et al.,2013) o PBLH 7E H/ N i Al
XIRHE IR LW 5T (FRoRFI Tk, 2008; B 545, 2020; REHEEE, 2023) , JUH: A E PG Ik X A = R i
PBLH W7 fE 2 (FENIZE, 2010; @@ fEs: 2013; 72 A%, 2018) . WFRERM & E KSIL A ZE NS
FERRS S EHMALERN, HmE B 1006~4430 m 2 [AAR S0 (A #E%%, 2017), B U002
5000 m (W EXTRIA TR, NS ERGE & R BZAAEIE, IR T SR E PBLH BUAFE K& Ik e AL
FRRAIR (FkoR&E, 2019; F#ERELE, 2023) .

PRAEHAE T LA THEAL PBLH R RS HEA R B EM KR (Huang etal, 2021) . IEF R Z
I O LR F AR A B 45 O A BT R R B N WRF 5 04U ) T- B (Salmun et al., 2023; F #Hba4%, 2023),
TR R AR T B R AN X 4 R 25 1A)5E Bl PBLH FASU R A S 4 e 5 TR A o« 3T (X3
REAAN s, AR B AEBR AR L, (Sl&tberg et al. 2022) FUREST, SF PBLH AT MBS0k r e e 1] R I%
TR F B %eF DX AT B TR) R R AR o B4R FA2E (2019) FE TR RS ERA-Interim B HT 8k, W50 T
rp PG A6 3 X KA LA E R AR CRFAE, PEAEHIX 2015-2016 4 PBLH fE&Z Nk . Slatberg 25 (2022)
FIF ERAS HF 78 s K AT PBLH I ZSHRAE, R I 8 e i Hh S R G R 3 11 PBLH T PG 3 R 2R 3565
FEAEBRI T RBE B, PBLH St KT8V 30 75 4 2= 15 e S PU SR AN ZR B 8. B 2R AR A AK e v s B2 TR A OGO
F MAEAZR AR ALHR 2 AU O¢ . B 2= 15 i Ji o S R0 78 o 3508 11 PBLH 5 B 5 282 XU 47 A 0% KA 56 (2018)
WAL X AT 7S, &I PBLH SAHAHEE EI A IE. Guo %5 (2019) MELH| A [E PBLH A [A] 28K
AR, KL PBLH SAIXHEE B ftoe, M5 thRIEE £ 1EM5%. Zhang 25 (2018) F|f 2012-2016
EREFERTSWINERA T R EEZE PBLH WA FfeEtt, R EEFENRGLAE (CBL) HESFH
fir (70%) , AEAFZE N (NBL, 26%) fifeEii itz (SBL, 4%) , CBL #1 NBL [¥] PBLH St
FKiRE GRE 21E (50D MK, M SBL A WAEMXR. BEFEVGILHX PBL mERKE, MLehEEE.
FI R PBL 5 FE S5 b AR R FE 52 8 35 A OC, (H5 3 i T FE 2 IEAH G (Zhang 8\, 2013)

EBHA TUERT LAL, B DARRR A ) A6 S R4 A8 R O o SRR AE, R R AN, RIS E I &
AR . BLRHIAL IR, RRELr KW, AN BT, mERMBR LR (Z8E R EMSEE
g, 2022 M), HAEMPE ST G A SRR SR KA A2 S AR R AR
ZH9t. Huo %5 (2021) R FH B FHAN % Pk B4R 2 RME ) ERA-interim 23 AT 5K PBLH HISRIE,
2010-2018 4 —FH MIZE 15 A % REUAE 0.65-0.87 Z [H], 1R ERA-interim F7 Hr #ERHIF 7T [X 3 PBLH 4
WA . EIEBAT KT I R EARRTE 78 BB s PBLH [F#a 3 LS G A T2, 45 Ml ERAS %kl
170 LU 9T . ERAB T2 BB IR B v SEPEAR i, |2 1 XU S04 - A8 S5 A 2 (Huang et all.,
2021; Slatberg et al. 2022; Urban et al., 2021) , £ 58iE vl DL R 434 PBLH [ BR# S . JA TR FHAERT
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2.1 IR
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2.2 BowmEs

ERAS Fi40Hr % BHE Ryl vh B R S ik tp 0y (ECMWE,  fRiFRI 0D RAGINES 5 R Hrakl, hik
IO AERTUR R G4 K, BCEEEHUA 137 2, #0200 0.01 hPa, ZF[AI73#E%A 0.25°%0.25°, )
[N L he ACRA EARS BERHEIUN AR &A% PBLH, <&, 2m i, 10m ZhiH. LKA 2 m
P AT, SRR MR (A VA B AR L GROR RS 2004) , B [A] FRIZE H 5 PR 25 BERbGT B —F o

ERAS 17 10 m XUH B uv v & 845 2], ERAS AR EE (RH) FRHEI SRR B2 1 #8 fiR B2 25 August—
Roche-Magnus % & i+ 55 H :
e(%)

RH = 100% X < (D

e ‘b+T

X aflb AHEL 451N 17.625 A1 243.04, T, A1 T 4355 & ERAS BEREHY) 2 m 82 SRR 2 m SR, #A7H
K #7485 °C,

2.3 PBLH i+ B R EAMS it 747

PBLHIWT R EARE (BkAESE, 2018; 7Kk7% A%, 2020) , A REE ARk, Wik, ALEmh %,
AR AR ERBOTE (BRND) HKiHHPBLH, Seidel% (2012) %H10Fhit5PBLH [ 71347 7 XL
WEFE, 15 HBRNIERE W] LAAER I W AR AR e 1 2 i FE, SRBISERR AR ) B RN E = e, 2 R4
TR BRI A a2 CPBLHITN ) 2 R 2 — (Wang et al., 2022) , o0 H T BOR %R
A NEET TR M (Guo etal., 2016; 5K4E4%, 2018) .

TLE AR TAIPBLHTH R AR & Bl FHE B = B, B0 Ry.= 0.25. Ry 5% JIAH R B A5 X GBS D) AH
Kt AE, AxXaF:
/g, ) (@oz=Bus)(z=25)

Ri(®) = =, e @
Hrhz 2@, R NmE z Rz BRI RE, Fhrs Fonth® (SR sl m o i 2ol i %
DL EE—MERZ SR , g REIJINEEE, 6,2 A0, u Bl v 24im Mg m oy & Kk . Hor Ao, A
FEERNE, FRAEE TR AR 0. Uk P FKIRE e 15
0.622e

o2iey ®3)

FH T TR 2 HAR 7 L A W B M 5, R] bt SRR DG T0T ph o 2 M AR 7 B K2 (R W IMELA B A4
THEHRBUS, MM EHEHR ERLL, HEBE —ZR KT H TR FHEN RS, R 25 HAH WK
(1) e FE R AT S VR, AT Ak 5 R Ry Dyl SAELIN 1 v B2 B D R AL 2 =i B2 (Seidel et al., 2012)
ERASF 20T TR PBLHIZ Wi 7772 9 BE A AR (R, ) 18 B 1lfs FHE 0. 2580 121 5+ J2 1) B 1K =1 FZ (Seidel et al., 2012;
Vogelezang A1 Holtslag, 1996).
AR ZR ARG R EL (R FA TR 22 (RMSE)EAT AHOCPE /34T, % LLERZ WA ERAS 1) PBLH, ¢
TR R B Z AT PBLH 152001
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0,=0 (1+0.61x

1) PBLH B HIZALRHE
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W, TRIE) AT 20:00 AR A (la-b) , BAKTENNEEET K 02:00 F1 14:00 FIARR >4 (le—d) » M 1a-b
HATLLE . 7E 08:00, PBLH OBS A1 PBLH ERAS HiIZEAHIT, FEANHRLT 1000 m, ~F¥ME 53775 259 m A 281
m, —FZHIR/N, PBLH ERAS fRim40 22 m, ZHIEZRKAAE 200 m LA K. {H PBLH_OBS fH ik 4436 m, [
ERAS oA 1460 mo —FHABRATE 200 m HATMERER, RBUNR S E L (K 1) .
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Fig. 1 Frequency distribution (left) and cumulative frequency distribution (right) of PBLH_OBS and PBLH_ERAGS at (a,b) 02:00 and 08:00 during the whole

period and (c,d) 14:00 and 20:00 at the summer-autumn time from 2010 to 2019. n is the number of soundings; mean is the value at each observed time.
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i PBLH_OBS 5 PBLH_ERAS5 2 [A]IAH < b, 08:00 A 20:00 #H =% 2% 54 0.79 A1 0.69, RMSD 43
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ilik 0.91 A1 0.74. 08:00 FIAHSS R B k= T 20:00 CFEFHRNERRAN) , #BHE 08:00 ] PBLH_ERAS I
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Fig.2 Comparison of the monthly mean radiosonde PBLH (PBLH_OBS) with PBLH of ERAS5 data (PBLH_ERADS) at (a) 08:00 and (b) 20:00

1 2010-2019 “FH2 PBLH AL SR ZR GUESE. 2 o <. AIXREEEAN 10 m KGED 55 ERAS AHRAR 2 [ IAISC R B (RD , ~PHLaxt
IR (MAE) A13575 AL 3% 2 (RMSE)

Table 1. The correlation coefficients and root-mean—square—error between the observations (radiosonde PBLH and surface meteorological
factors including surface pressure, 2 mair temperature, relative humidity and 10 m wind speed) and ERA5 PBLH and meteorological variables

at Fuyang from 2010 to 2019

PBLH/m M B /hPa 2 m=ifi/°C AR E 1% 10 mRjg/m st
R 0.91" 1.00" 1.007 0.98" 0.63"
08:00 MAE 23 -0.23 0.25 -1.40 0.36
A RMSE 40 0.27 0.27 1.77 0.41
ZEHATY
R 0.74" 1.00" 1.00" 0.95" 0.67
20:00 MAE -99 -0.29 0.46 2.73 0.59
RMSE 106 0.34 0.50 3.18 0.60
R 0.51 0.80 0.95" 0.96" 0.74
08:00 MAE 23 -0.22 0.25 -1.40 0.36
) RMSE 27 0.33 0.34 2.46 0.37
)
R 0.54 0.82" 0.93" 0.97" 0.76
20:00 MAE -99 -0.29 0.46 2.73 0.59
RMSE 101 0.37 0.49 4.06 0.59

T SRR HAFG R (P<0.05) .



3 AR B Y PBLH 245484k, K 3a 4 08:00,2b >4 20:00 PBLH_OBS £ PBLH_ERA5. 08:00
PRZSWLI ) PBLH 4x4F3/N T 500 m, 3X /2 BT K BHEE S AE X AN B LU 55, 0 742 7853 K & PBLH
HREFEANZFTANL (K3 , BIEZFEQILm)>FZT (281 m) >4Z(235 m)>F (227 m). ¥ 7= PBLH i
B, KERAL, XRR A ER T EEES G (Guo et al., 2016; kS 14%E, 2021) , HEFHKSE
(1) PBLH {5t 64 m. ERAS [¥] PBLH 500l ()2 1R RHAE KB, S AIRFEAZE, ERAS ) PBLH it
PR — e (Z=MEAK) o WA ERAS [R5 RAE 70 il HBIAE 7 H@B75 myFi 6 H (314 m) , s/ MEHSHI B
1A, 5N 216 m A1 185 m.

20:00 #%% PBLH (Z=F481b A 5 08:00 — (P 3b), /2B 2 (352 m) >#HZ (343 m) >4 2= (293 m) >
FKZ= (233 m) . ERAS W2 IXFEZET AR, 15 08:00 AR/, 20:00 ERAS PBLH W] S fRfiC. XL
FI ERAS [t KAE 2 ) L BILAE 6 H (385 myF 8 H (238 m) , fie/ME4r B EIAE 10 H (212 m) A1 12 H (174
m) . 20:00 F2* B Z= LU RKZE) PBLH & 119 m, Lk 08:00 (2280 K (& 3a,3b) , 1X 2 K 52 20 4 FE 540 20:00
(%) R B 8 5 E B Z= AR ZR L AE 08:00 2846 B K .

Jo it 08:00 i 2& 20:00, FEFHESHLIIK) PBLH 7£ 2 Zfe i, FEERAK, =B IHURAE H >R >4 5>
FKZE, X5 Guo 5N (2016) I 2011-2015 4 [EFHZ= A1 E =11 PBLH i & T Rk A Z= M 4510 — 5.
20:00 MM PBLH Eb 08:00 (%, 5 Guo Z5 A\ (2016) f4EHh 2 —3 i, X2 mHT 20:00PRS k. Ts &
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Fig. 3 Seasonal variation of PBLH OBS and PBLH ERA5 at Beijing time (a) 08:00 and (b) 20:00.
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Fig. 4 Interannual variability of annual mean radiosonde and ERA5 PBLH
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Fig.6 PBLH box-and-whisker plot of 4 times a day (02:00, 08:00, 14:00 and 20:00) for encrypted sounding observations and ERAS in the summer and autumn

during the study period. The cross in each box indicates the mean value of BLHs.
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fiASe, RECN-0.15, {HIE 20:00 NIE, X AFHCH 0.19, FEE PBLH F# fkit & (B 7h) , ERA5 RH
1 4-6 Ffw/]v; ERAS PBLH 5 WS MG %, AHK R EAE 08:00 A1 20:00 £ J9-0.09 1 0.02, H iy 3= Z iR [A]
Z & ERAS [{RGELEBRZEFIKZE R A (& 7e,7f) , ERAS XU bl SO K, X 5 HABHE 78 & B —
;. EMFHE, 2023)

BTG, R H T BRI A H P IPBLH S SR R FHIM L R4, 7 LA 2IPBLH 5 WSHI K .
o N1 FRE, SRR ULE FEPBLHE G A+ BIAH e M8 (R3) , Ml /N A4-0.55, ERASH: /N A-0.59,
EPRSFIRHEfAHK, STsHMWSRIEMK . HFEMEFPBLHS KU & 5% IEF K.

# 2 I PBLH SHATIWIN SR ¥ AR REUR), LLIK ERAS BERH PBLH 5K FIIAER R
Table 2. The correlation coefficients (R) between the radiosonde PBLH and meteorological variables (surface pressure, 2 m temperature, relative humidity and 10

m WS) and ERAS5 PBLH and ERA5 meteorological variables at Fuyang from 2010 to 2019

Hh IS R /hPa 2 migEIC AEXT MR 1% 10 mXi#/m st
ERA5 -0.92" 0.85" 0.15 -0.09
08:00
0OBS -0.79* 0.63" -0.29" 0.72"
EZ SRS
ERA5 -0.73" 0.60" 0.19" 0.02
20:00
0OBS -0.54* 0.34" -0.18" 0.53"
ERA5 -0.70" -0.22 -0.59 0.92*
08:00
0OBS 0.43 0.17 0.19 0.28
R
ERA5 -0.73" 0.05 0.28 0.92*
20:00
0OBS -0.62 0.46 0.15 0.70"
ERA5 -0.23" 0.26" -0.16 0.74"
08:00
- 0OBS -0.08" 0.09" -0.15* 0.56"
M B
ERA5 -0.07" 0.04" 0.09" 0.78"
20:00
0OBS -0.06" 0.05" -0.12" 0.57"
ERA5 -0.73" 0.66" 0.11 0.35
08:00
0OBS -0.45 0.34 -0.02 0.66"
HF
ERA5 -0.34 0.22 0.10 0.60"
20:00
0OBS -0.33 0.19 -0.08 0.57
W *RREAGFE N (P<0.05) .
* 3 FFK2, REMNHEERLANFT
Table 3. As table 2, but for four seasons
Hh < /hPa 2 miiEIC AR 1% 10 mRjg/m st
i -0.00 -0.53 -0.50 0.95"
" -0.69" 0.73" -0.81" 0.90"
ERA5
8 -0.38 0.19 0.61 0.79"
08:00 ES -0.57 0.27 -0.24 0.77"
i -0.06 -0.42 -0.24 0.73"
0OBS " -0.69" 0.61 -0.57 0.74"
* -0.38 0.35 0.80" 0.46
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% -0.12 0.39 0.22 0.51
o -0.16 -0.29 -0.26 0.89"
= -0.59 0.72" -0.67 0.91"
ERA5
% -0.37 -0.03 0.57 0.85"
% -0.56 0.14 -0.12 0.76"
20:00
o 0.14 -0.40 -0.17 0.75"
= 0.73" 0.91" -0.55 0.83"
OBS
% -0.30 0.42 0.08 0.37
% -0.50 0.12 0.10 0.87"
T *RRHEASRTEE L (P<0.05) .
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(e) 08:00 PBLH and 10 m wind speed (f)20:00 PBLH and 10 m wind speed
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Fig. 7 Seasonal variations of monthly mean PBLH and surface pressure (PRS), near surface temperature (Ts), 10 m wind speed (WS) and relative humidity (RH)

in 10 years
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(e) 08:00 PBLH and 10 m wind speed (f)20:00 PBLH and 10 m wind speed
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Fig. 8 Interannual variations of yearly mean PBLH and surface pressure (PRS), near surface temperature (Ts), 10 m wind speed (WS) and relative humidity (RH)
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