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Abstract: Using wind-measuring lidar wind profiler data and the wind profile exponent (WPE) method, we
calculate the WPE within the 50—500 m height range under different surface wind conditions in this study.
Then the results are validated using data from 50 meteorological stations with observation heights excee-
ding 40 m. The results indicate that the WPE retrieved from wind-measuring lidar has the problem of sys-
tematic overestimation, with the error magnitude closely related to the building density and height charac-
teristics of the observation area. To address this issue, building density and building average height pa-
rameters on a 100 m X100 m grid are introduced to develop a multi-factor-driven dynamic correction algo-
rithm for the WPE, which overcomes the limitation of traditional methods that rely solely on a single
roughness parameter. After correction, 91. 7% of the wind force calculation errors are confined within the
range of 1 level, with 50. 1% showing zero error. On this basis, a three-dimensional high-level wind field
reconstruction model tailored for urban complex building environments is further developed. This model
has a horizontal resolution of 100 m and vertical coverage from 50 to 500 m, enabling real-time monitoring

every 5 min and forecast outputs up to 168 h. The model can provide a low-cost, high-precision wind disaster
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prevention and control technology pathway for urban high-level operations, having business application po-

tential and engineering value.

Key words: wind-measuring lidar, wind profile exponent, building density on a 100 m>X100 m grid, aver-

age height of buildings on a 100 m X100 m grid, near-surface high-level wind field monitoring

and forecasting, wind disaster prevention

5 "

Bt o 8 e 2 SR A R R YRR R L
28 5 R TR 3 ] A 2 T = 2 R Al e SR R 4
QST Ty = Rl L =R RS TR LU D=2
[ 29 50~500 m [ K0 F )2 TR 19224k,
R S VR % S TR LN R,
I P S N 25 T L A3 R e R I R ) 3T U
J2 v 25 A g 0 AR R B Y TR N
(B . A0 2 s I I 32 AR 3 KRR T
B (DL i B = e I WUE 3 38 2o 5005 1 e v] 92 3
30 km 5 BB P 1 KUOR R RN (2 47 56, 20145 F 4
L2010 BR &4, 20175 52l 4F, 20115 47 [ AR 4%,
2021) AH L A B (4 EAL 120 A4S o HOUL I A% 7k
BARC2 K« dh) HE LA AL 5 2 AR 3 50 KU i)
SOTHERMER; () BRESFMEHESE R G (A
GPS/db2b) 78 KU K v B 0 i v L 4 55 = A B
PERE I T 1% 40 7 7K R 248 5 A3 XL (58 4k 55, 20095 X
THEZE 45, 2013) o fH L 00 A% vk 55 23 1804 s a8 0 A
B e AR R 0k T S bl XU 28 Ak 5 (3) DA 238 ) ik
IRV 2% B 3 B O D XU 3 O AR 3R 0 i 78 XL 3
B BELG I Sy HR i R E MR S B iR
JE R S A (R e 4R 45 . 2024 B RO 55 2020 5 5 1%
KL 20245 2S5 A L2024 5 BORK IR RN 22 R gL . 2024
FAHRBEE2019) , AT RBURANE RS REW AR
1R 32 R i B 1 152 A A o X LA KRS 2 5 AT
27 WA R R s E S st i . 58 ik
FEA B, 55 T b v 0 XU GEOREHE T b )2 5 A XU
N EZEWSE J7 1. Davenport (1961) 7 3 #1 4 Bk
90 4% YK ik KUak A2 B RH A 3L Atk - L 48 T R bk Bl X
FPE R Davenport JRUE G LA K il 7 - 359 KU ) )3 78
AR B H8 BT L0z T OB PR AL L 254
PO S 4003 . L, 48 BB B A oy XUk B
JE SR R B L 0 2 B0 KU 2 i 55 LA Rk
TR AR . TR SR 2 R 7 BT ) (R g
N R E: 55 Ak & g &, 201 2) #7517 B Hh

FORUBE 45 78 T UJEE 2R 48 800 BB Y [ 7 U 55 il
b ARG ARG B OO B L 3 BT TR
BB £ 45 B A8 Ak AR AE Bz HE 5 e R 3R CH T 2% 19845
X2 R, 19915 368 RV 55, 20105 38 45 4,
2018 FEH 55, 2021 ; 385 55, 2015 X 55, 2010 ;
ZLEEAF,2018) , 4 1 1 IKUUE I % BH 18 1E XL
JER £ 45 B BOR R . %5 R DA SR IR S0 B2 X0
B €/ R TR (=850 7D RN o N = R N B 7B
19 K R AL 22 57 0 3% S SR e L H L R 1
WHIE. AR FENTIZ R Z REEAH S
(Liu et al,2024; X FEWI4E, 2020; Z= 0] B 45, 20235
T4, 20195 53K 3B 45, 2015) S HL A2 > 7 1 (R
{25, 2023 ; W K J 25, 2025) FF Ji 3 1 3T b 2 K5 40 1k
W RS B SR, 2 R G T A 6k
B BT R XE LA T3 1 S5 B T S
FEIHE ) 0 1T 5 AL 2 20 O ks BB HL S i TR ]
s v T N R 50 A A 2 ORI R B 2 1 L
T HETRINORG B AR A 1k B DA R

AW LA N T Ry il e X il i S 2R 4
LI E5 45 55 5 | HE FT oK 0 A A SR - K s R o R
SE SR b I T R £ 46 B3 K TE 1 3 2
75 I R i A A 5 g A ST 2 TR IR B0 Y JXURR £k A
B TSR SR G 5 1 MO B — RS B 2 50 )
B M BF % 7K 43 BE3R 100 m, 7 B 78 3% 50 ~500 m
1) =48 W AR HF & & 5 min SEEF I 5
168 h iz i 3 Ml )25 w8 25 XU 0 g ™ s SRy T
e 25 AN 22 A B AR AR B A | R R BE 1 XU B 45 B R
XHF

1 TR AT

L1 REEX

R T A L X A SE B R A% O R E
T

ST = e = s U AT L D= S R A ]
2J 50~500 m W RABAZTFERGF.



%8 M

BN O 25 b VR ek g NI RTS 1001

WO RUBR 28 48 i (o_lidar) : 38 T30 I XU 55 15
R0 [k b XU S0 47 >R T XU B8 46 1 (WPED Oy
2 RO AT B XU 2 48 0 F T R AL 7] 5 B2 2 A
5 1 XU 2 R R OC R

LI JXUJER 25 5 %% (a_obs) + JE T B TH A1 b 1R <. 42
3l DU XUESCH S >R F WPE ik S i 4 380 1) IXUBE R 6 48

M FES, 482 5 WPE J7 i3t 58 O KUER 46
8 B0 v i e )2 XU ) Bt T XU N £ Y <
G 355 15

1.2 & ik

AW BT FH O D XU RS 8 000 4 >k B
LG R R WindPrint S4000 B AH T £ 3 8 385%
D XU 3K . B [R] 5 BBl A 2020 4F 1 H & 2023 4F 12
H W 52~494 m = B2 GE A BB 26 m) 17K
IR R RG] 5 B[R] 43 38 % R 6 min, BE/NEFA 10 A
ML B ¢ 2 RO OB KU R e Bk . xR ik
BT RO S 5508 b F A0 B AE F BT - A i 2 3%
A 35500 ) SV R T 14 38 Bl B AL 1)
S8 R AR 15 B, 3 20000 2 5000 1 B 48 5 471
T3k 1. Bz s & 19 DU % BE , 5K 7 R % (2022)
FE20194F 11 H 6 HE 12 A 9 HJ I # K3k 2%
ARG 55 A 18], R BE 7 35/ F 50 m I
DI G 466 3 8 [) 300 00 00 5 0 647 7 o oA 245
7 T I DR SR — SO A v DR AR 1) Y A 56
ZH B h 0,96 F1 0. 99, - 35 4 Xf 1% 25 4 B N
0.54 m s~ fl 9. 95, A AHIF 5T B B9 7T 58 2k 42 3L
TR

b T ROUL I £5 9 ok B TN Tl 484 ARGl B
PEALHE 2 min -3 KU A1 TA] S B[R] LR 2020 48
1 H % 2024 412 H BRI HE%58 5 min, AR
PO T IR TS K R TS 5 o LI BB IR ) — B0k
5] bt L e B SRR A 00 A ok R AT T DR | 0Ok
AR 35 E 4 R A /N Y5 00,06,12,18,24,30,
36.42.48.54 min B WLIMC 3¢ . 5 2 VE AL A9 < 4 0
AR R /et E 00,05.10.20.25.30,35.40.50,
55 min [N C 3% . 0 AT I 20 22 ] g A N ] 22 A
1 2 min, Hu T KON EHE 2T 3 A (D)
53O I AR 2K TR Ik A% e XUERCHE T R T SO K
JEE 8 50 (250 AN WL w55 BE R 40 m A UL I 35 54
A Ry 37 B8 R ) ot XU 6 4 BT Bk, JF 5
TR 25 4y B 45 2R 1 2 ot XUBR £k Fs B IE T &
(3) 4Tl 484 AN i A Jy i S5 L oy, 45 & 1B 1E
Je 19 DR £ 48 B, S B 4 i S BT M )2 R S KU R

. i UL A .50 A 2 I b 2 484 DNRR
174 AU TR IE S B 1E . R 2 50 KL
R IR A ISk, o, BETUA i VR IE B IE S
IO P AE AR oA L A 1 A ST L AT 5 e T A A A ST
P T IN  Afy R JXUBER £ 8 BOPF Ak 1 2 WL 5 18 1E 5 3
Al FEPE

Ik T SR 25 B e L R SR 14 2 TR - T
JUAT{E R R Z W B R . & Tz B . it R A
I ET R G 0 A 1) 3 SR ) R R 2 L A D S
SR T RO WU L I8 BB IE .

% 1  WindPrint S4000 15 F & I #hig st
REZXETERVSH
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Table 2 The values of o under various terrain roughness conditions
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Table 5 Estimation error metrics and environmental parameters of selected representative stations
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Fig. 4

Distributions of (a) building density and (b) building average

height at a 100 m>< 100 m grid resolution in Guangzhou
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Table 6 Correction coefficients (f) for a_lidar based on building environmental parameters and surface wind force

1B IE iR 1% 24 34 4 9% 5% KL
ey > PiZgrid —0.25 —0.22 —0.15 —0.05 —0.03 —0.01
v < PjZgria » mde<10 % —0. 30 —0.25 —0.20 —0.15 —0.05 —0.03
Llew < PjZgria » 10 6 <mdc<<20% —0.35 —0.30 —0.25 —0.20 —0.08 —0.05
2oy < Pjzgria »mdc=20% —0. 40 —0.35 —0. 30 —0.25 —0.10 —0.08
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