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Abstract Based on the wind field data from FNL reanalysis data, the atmospheric wind field of
the height range of 0.8-47 km above Taiyuan (112.35°E, 37.37°N) is investigated. The vertical
distribution characteristics and wind shear characteristics are analysed by the method of vector
averaging and mathematical statistics. The wind field over Taiyuan is investigated for its effects
on aircraft launch, leading to a classification of four periods based on wind characteristics: April,
May and June are the early rainy season, July and August are the rainy season, September and
October are the late rainy season, and November, December and January to March are the winter.
According to the seasonal variation of the wind field, the vertical structure is divided into three
layers with two height layers of 5 and 20 km. Below 20 km, the average wind speed in the rainy
season is lower than in the other three periods. Above 20 km, the wind speeds in the winter and
rainy season are higher than that in the early and late rainy season. The wind shear characteristics
are calculated using the integrated vector wind method. The intensity of wind shear is greatest in
the height range of 40-47 km in winter, and the maximum intensity value occurs around 12 km in
other periods. The primary influence range of the wind shear caused by the maximum wind is
within 8 km. By using the new A-PDF polynomial chaotic expansion method, the wind field
parameters are effectively fitted and the uncertainty of the wind field distribution is resolved,
providing theoretical support for complex flight problems.

Key words wind velocity, wind shear, synthetical wind vector, A-PDF
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2013). AR Z BT AIARAE (Brittetal., 1993), /KPR FYIARELE 2.6 (m/s)/km LA Al
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(Fh—r AIJ7 48, 2012; 5KEFESE, 2001; FMMEE, 2011, AKFI7AIMFER, R Az AH
R AT E T AT REMRAEC /N s T 3 LT £ PR B 5 A R B S e LR AT
i, S SEUTEE, ZEGS R LGRS GRS GREESE, 2014). RAMBEREZE, AT
el g5K). DhResE ke, HEMEHEAER AR (BB TR, 2012). X%
KRABMRTFL, AT T8R4 (Haleetal., 2002), 3X3:A i f B 1 ABEN &
HRR KRR FL (GREEE A %, 2014) .

T b S I B A SRR 70 R, 0 Hb T J2 25 P B8 R 1 35 XG5 52 O A 58 ) 34
CE#MESE, 2004; AEE RS, 2005 FHA, 2012; RS, 2016). 50 FKJEH &7
RIE BTN, AN A 245 3 R (e 3 5 A P I O AR G a3 B AR — B, BB ita sy
(R4, 2013; FHES, 2014). HEDS RIZIIEE A, 58 2 (05 0 KGRI R ) b 2 7 12
FIRFFFE, il A Wah P, REPIES (BESE, 2012); HH L
T AU R T LA AT RRAE , SRR S S0 3 3 B 4T 20 km BAF 1 RUARRE B %55 (2021)
LA T T AE ST IX AN B X (KR (0~600m) KA IR, 7K1 IR [ i 3 18 0 17
K BXHEE (2019) KRB B BH S MRER 45 KR, XInHE 81 E AR
A, XU o 3 N S B0 FE /N o ZESEBR AR, 3843 TR RS rhC COARHE Hb T RURITN AT
JE R B AT — 5 R, R TAH R K AT 385

AT I A (R 5 e VS R v, [ A AN A R B AR X b (B
BIAELE, 2012; PA79%5, 2016; Allenetal., 2006; Roneyetal., 2007). Roney 2 (2007)
% 18-30 km e BEVE Y RIAIEAT T, FTORMR CAT 3R IIE AT 224, T3 P48 (1997) KL
i E 20-80 km = FEVE B 9 2 1) X5 B3 228 KA S I AR [, A [ X e 28 KA
MEZEREE R . R 65 YK T PRMIAEAS B IR FIRLZ h I RIARHE:  [E58 MRS, XUk i
T BOER /AT (R4, 2017) o EFXTIGIT 23 1) (RSB LA X CAT 35 m, O&H
—E BT (RERESE, 2018, 2021) .

ATE D MR R 2%, BT R 2R, B UTE AL, AT B A
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(European Centre for Medium-Range Weather Forecasts) %5 I 20 i X% E0dE Al A 30 km
R I R X Ll o T, R IS 3 B D) AR E R p A o 3 BRI ARSI 1
2 AT RS AR S, 7 ) RIS O T I AR A (Carruthers etal., 2014).

g5 b, AT AN 2 R A A F 4 B AT, (B B0 I T R 3 2 (R A 45
(RSS2 0 A s DDA ORI 7 o DRI, F R b T B s 30 2 1) KSR 38
BERFAR T, ARFER RARIGIA K, B EERE R OB AN E . A SCHET 10 4R
f) FNL (NCEP FNL (Final) Operational Global Analysis data) F73#7 5k XIZEHE, FIH
KRBT E RSB, KR 25 0.8-47 km 19K X% T B AL S D) A8 45k
BEAT AT, e iR s MBI . BEAh, ARSCER T I AR RIA ST 58 2 AU 1 1
T 99% MR (i KIRGE . e KA i i I AT 46 SR e i), X RAT# R Ak
VI BEALREAT 1RSI AT 2R S5 M A TR AR BN, B H o R S A 2% e & R IE AN AT i A
LAY AR R, 5 H— P e RS R S EOO Rl 5N TR R R
Z AR R ITE, RIEET A-PDF (A-MEZ% FE K%L, Probability distribution function) 2 1 X,
TR RIT KM TTIE RS, 2015; Z@EE, 2019) W EHITUE, Wik TR0 10
AN E PRI R, AR 0 /AT 1) R B 1 B S

2. R IT %

2.1 FNL 158

ARSCALER I RS HE & 2012-2021 AR FR4 BT PR, FNL #8872 5 5] [F KB iR o
(NECP) /ZEEEZFKSHFHO (NCAR) R AR TR, & 6 /N — U £
HdE (1° x1° ). FNL Ul Bimmh G 7 RS voet, @ id 800 vy LA A ek
MBI T ASCHRRYE A S A ik R . B E T b, 2012-2015 42 A7 HdE 3k
21 =, e 16km, 2016 fEXUIZEHESL 26 |2, fmmE4 30km, 2017 2 J5 X

BRI 31 2, EmmEL 47 kme ARG 2& 5 H 08 BFF1 20 BF (ABHTR) 4553,
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v <0, HLLFHAEL: wd =360 + = tn—l(-) u=0) (3

180

wd = ‘1(—) (u<0) 4
v=0, A HFEL
wd =270,u=0 (5)
wd =90, u<o0 (6)

Hr, wd BN C e ), ws. us A v BIFAZE ms ! .
B FE R AR T K i i, EE RS RNES (1998) mE KInit-E ik

MBESE (2019) XTRVIZRHE BT ST 5. ZINEFEERE T ARE T &2 gt
GrMT, ANE T RSN RBERE RS L o 72 AT, RATSEEA R & E, i@ 3|
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FELETTIA a0 I, R ZEAE A, FEMARAR 2R e RGd, U, 72 CUR1IZ H XU

oo FITEILT, RIESESE (2019 KHEAX, 52 wos:
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AP SHNT -
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HOEWBANRHE R ZE s p NAI I ARG o AECEME, SHEME M
KENa+0 =270% ENFMFRNPEAYE. RS (2019 FICE,

2.3 RMinsHRES*E

K ZIRATAE A-PDF X ANH € S HOAT @A, LA S A T RE I et i e
(Wuetal.,, 2006; XIZN%E, 2015). A-PDF @ EATRUE ST T (ORE 22 B2 R U B FR, A Bk
SE TR, HARTE T I01R 2 B Sy A3 /2 2 W 43 A W] LA R

FIH A-PDF Z VR TFE (3, 2019), oG RUTERES A, KRAETH
B RN R] LA RIS B IEAE 2 AR, SIS A (AN 52 28T, BB H G4y
fiE. HFREHUF:

fe(x16) = K ;i fid (x|boi, byg, bai, A) (23)
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PDF A8 M v E TR LRSS (2015) K A{@3E (2019) B3¢,

AN 8 PR RS A BB AL H AT AT ST R RSB R (VRSO
2008). ] A-PDF FAY ] DAA RICK AR 5L 06 A7 M 20 W 3 AT YR A B AN SE R LR, R %
(0 QAT 1) R LB e E S (ZEMAE, 2019). A A-PDF J5ER0R . 4 A E
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3. RABARGE AT A

3.1 RIZEE S
MAFLRGEEE L RE (B 1), 2012-2021 4 H FHRIELE 0.8-20 km JuFE N

AFAERRRAB, BRAB 2 50-60 my/s o B RAE H B HA = BE AT N BB 52 (2R AR ATV 7T 3, 2009)
— R, EBEHMBE 12-13 km ®EREZ. 75 km DUF, KEABRE LR, SARETIX 20
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12-13 km 7iA MIBIABINCRAA, 2 J5~F 5 RGR B i FE s 31 20 km 2 J5 125 KU Bl ey 5
BIG, ANIE]H Ay 5] 47 ke KGR R AE 22 3 B0R, KU B K AT 2] 50-60 my/s, X HLAT 12
km 15 52 B A OR AR B 2 — 3

MHFBIRIAKE, EELE Skm DUF, RAERZA, 59 H LR KA 3B E B
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Fig.1 Average wind speed and wind direction profile over Taiyuan during the period from 2012 to 2021
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Fig. 2 Monthly average wind speed at 12 km in Taiyuan from 2012 to 2021
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Fig.5 Maximum wind speed over Taiyuan with 99% probability
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Table 1: Fitting results of wind field parameters

=R K b0 bl b2 A S
1km 1 2.46 6.06 3.03 8.24 0.18
2 2.69 6.50 3.25 8.63 0.82
5.5km 1 16.68 35.93 17.97 8.74 0.77
2 7.68 11.07 2.84 3.04 0.23
12km 1 43.90 74.48 37.24 12.72 0.54
2 32.27 -30.64 -1.72 1.54 0.46
20km 1 11.79 22.23 11.11 1.70 0.44
2 10.04 2431 12.16 5.91 0.56
45km 1 29.85 69.32 34.66 6.03 0.42
2 18.40 28.99 12.54 1.69 0.58
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