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(Empirical Orthogonal Function) method and based on the ERA-Interim daily reanalysis data. The QZWL is mainly

influenced by the stratospheric seasonal transition and the Quasi-Biennial Oscillation (QBO), and can be classified into
two categories. The northern type of QZWL occurs at 20°N from October to April, while the southern type of QZWL
occurs all year round during the westerly QBO phase. The southern type of QZWL is located at around 5°N from May to

November and merged with the northern type in the remaining time. Monthly statistical modeling studies in different

QBO phases indicate that the probability density function of Weibull distribution fits well wind speed data collected at

Haikou station and Nansha station. The specific probability distribution of wind speed predicted by the Weibull distribution

and cumulative function can be used to determine suitable airspace for the stratospheric airship. As a result, the airspace at the
height between 50 hPa and 30 hPa from October to April at Haikou station and at the height between 70 hPa and 50 hPa for the
whole year in the westerly QBO phase at Nansha station are suitable for the stratospheric airship to make smooth flight.

Keywords Low-latitude regions, Stratosphere quasi-zero wind layer, Stratosphere airship, Weibull distributions
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Fig. 1 Latitude—height cross sections of monthly mean zonal wind (color shaded), meridional and vertical winds (vectors, with the vertical velocity being

multiplied by 100). The black slant lines indicate the horizontal wind less than 5 m/s (above 200 hPa)
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Fig.2 Time-height cross sections of monthly zonal-mean zonal wind (shadings, units: m/s) at 5°N. The thick solid line indicates the contour of zero during 1985-2014
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Fig. 3 The first three leading EOF (Empirical Orthogonal Function) eigenvectors and accumulated variance contribution rate (at top right corner) of monthly

QZWL (Quasi-Zero Wind Layer) occurrence days at 70 hPa: (a) The first EOF mode (EOF1); (b) the second EOF mode (EOF2); (c) the third EOF mode (EOF3)
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QZWL occurrence days at 70 hPa: (a) EOF1; (b) EOF2; (c) EOF3. The black solid line in (c) is the QBO (Quasi-Biennial Oscillation) index at 70 hPa
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T T ARER M DU S R KRB A A S
I T BV T U T ) XA T AL, DASK 44
HPRE CIERRS o T G 2 S A 1
AR IES A AT, PIASCE -S4
Weibull 73476 -3t )2 182 M KO A THU A o XS
$r Weibull 73 A7 045 G PRI LR R R T H 557 vk
AR GFRE R, )2 N T KRR Jok
UGS 2. T H AT X% Weibull 230473
FAE T ML 3, S Roney (2007) i
Weibull 737 73 H7 55 [H A L B Ab K RESIEG X 20~22
km 5 BRI DL, Wk Weibull 23 AT /e = B
IREFIE . TS0 T2 &, DRt gk
AT ERLE: Weibull AT AL L2 2 K2
1038 FH 1 O o

AR SRR AL T b3 R« RS IR i
AR R 13 (200N, 110°E) g b3k (5°N, 112°E)
PR H A7 08 RE AT I T 20 BT o

T AL PR E A Z K FkE, H
A5 2 MO 22 K, I A R 43 A D X
B, AiEEH A Weibull MEAAMIATEG, 24
T X 52 QBO AN 23, ANF QBO A7 AR H]
AT 2 St 43 BB o IR, 6T 93 ) 30~70 hPa
BERY, FAFE A0 AFE QBO AL AH 43l 3
1T Weibull 73l 4, 132AHMN Y Weibull 7347 R
B, VISKEEANE. HERA IR S BERATTT 5T X 3 X
PP

Xf b R AR 3 A1 55 565 B (1) Weibull A2 %5 52
AT (B 6) R A GRE (R 1. £2),
P QBO A [A) 4 AH Kl 43 119 3% H KT8 40 26 4y A7 5

Weibull 73 A 40h G 17 HLEE A — S0, KSR 53 A 1204
PR, BRIAONIEOL, FAMOCREEEL 1, H
if i Kolmogorov-Smirnov (K-S) #646; « N Weibull
I3 AR AE & H AR 2 5, HothZe KRRt Ay
HWHRMA. B 6 hegH T 4 M) Weibull
oA, Kl 6ay 6c Sy “HBRIEIL”, R ARTEHETT,
AR AR, WA £ 1 /s REBERAK T 20%;
6b. 6d M2 “wmpdad”, Kig M. fE,
WEfE RO 1 m/s BRRBEARITIE 50% /547, Fi il
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SR Weibull #2553 A 5L RLAAE FH AN 2 B0k
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254 Weibull MEZR 73 A1 ek £ EHE (1] 7D BLAAH
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Fig. 6 Probability distribution of wind speed and calculated Weibull distribution at (a, b) Nansha station at 50 hPa in July and (c, d) Haikou station at 50 hPa in

January in easterly (left panel) and westerly (right panel) QBO phases

*1 BEOWEB Weibull 9% S5 & HHERE
Table 1 Weibull distribution parameters and specific probability wind speeds for Haikou station

Ay U, /ms’! c/ms’! k Uwy /ms’! Upear/m ! Usgo/ms™' Ugso/ms™' Ugges/m's™' Upax/m s r
30 hPa 1 H 491 542 142 4.93 2.28 4.18 11.76 15.94 17.17 0.96
4.46 4.90 137 4.48 1.90 3.76 10.90 14.91 27.29 0.98
4 H 497 5.58 1.78 4.96 3.51 454 10.33 13.15 19.35 0.99
6.38 7.17 1.85 6.37 4.69 5.88 12.99 16.40 16.12 0.98
7H 20.67 21.92 1735 20.56 21.49 20.85 25.45 26.98 30.56 0.95
23.79 2492 1044 23.75 24.68 24.06 27.68 28.85 30.26 0.99
10 A 10.87 12.11 3.29 10.86 10.85 10.83 16.91 19.27 20.21 0.97
13.84 15.18 432 13.82 14.28 13.94 19.56 21.61 24.00 0.98
50hPa 1 H 7.20 8.10 1.78 7.20 5.08 6.59 15.02 19.13 21.66 0.96
4.72 5.26 153 4.74 2.63 4.14 10.79 14.29 18.25 0.96
4 H 4.66 5.21 1.61 4.67 2.84 4.15 10.32 13.49 17.09 0.97
448 5.05 1.87 4.48 3.36 4.15 9.08 11.42 11.78 0.99
7H 19.37 20.28  10.26 19.31 20.08 19.57 22.57 23.53 2542 0.98
21.05 22.02  10.34 20.98 21.81 21.25 24.49 25.53 28.90 0.97
10 8.09 9.06 2.63 8.05 1.56 7.88 13.74 16.17 16.37 0.94
10.50 11.60 3.81 10.49 10.71 10.54 15.47 17.32 18.81 0.98
70hPa 1 H 10.03 1132 2.07 10.03 8.23 9.48 19.24 23.69 30.37 0.97
8.32 9.39 1.88 8.34 6.28 7.73 16.82 21.14 2431 0.98
4] 6.84 7.70 1.82 6.84 497 6.29 14.08 17.83 20.12 0.98
5.79 6.51 1.77 5.80 4.08 5.30 12.09 15.40 17.75 0.99
7H 20.28 21.34 9.38 20.24 21.08 20.52 23.98 25.11 27.89 0.98
21.33 22.56 8.42 21.29 2222 21.59 25.69 27.04 28.37 0.99
10 /J 6.79 7.66 1.91 6.80 5.19 6.32 13.62 17.06 20.39 0.98
8.42 9.41 2.79 8.38 8.03 8.25 13.95 16.27 18.47 0.97

s BsAT R QBO R A,

25 FATAER QBO PHIXEAR A,

FRIZR R AR K-S K.
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Fig. 7 Weibull distributions for January, April, July, and October showing monthly variations at Haikou station (left colume) and Nansha station (right

column) at (a, b) 30 hPa, (c, d) 50 hPa, and (e, f) 70 hPa (red: westerly QBO phase, blue: easterly QBO phase)

FHIII 7~8 H JC il WP 359 R I 2 R A
Ty AR CRESEI I AR B RSN
i QBO A TR fiAH, ma¥buk 70 hPa i b 11
Az 4 A AFRREIITE 5~6 m/s BT, Ugsy ik
T 15 m/s, IR () R XU & 13, T DLIEAT
KB 4% 5256

Weibull A% 70 A Jo iR 2 AR A X H R
L& RCR, AT B IE S AT I B o
SR — B, KW Weibull M2 50 A A AY AEAR
LM X PR HE R R Mo & Y, A
B 1R 7 A B 5 AL G AE P U2 COE S A7 I 301 1
EHH ARG —E S HME.
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Table 2 Weibull distribution parameters and specific probability wind speed for Nansha station

1

Hty Uoy /ms’! c/ms’! k Uy /ms ' Upea/m s Usge/ms ™' Uosy, /m's™' Uggoy/m s ™! Upax/m s r
30 hPa 1 H 9.26 10.32 1.67 9.22 8.29 19.90 25.75 26.06 0.96
4 H 8.03 9.04 2.08 8.01 7.58 15.33 18.85 20.83 0.97
7H 5.83 6.40 1.38 5.85 4.91 14.15 19.31 21.16 0.97
10 H 6.80 7.66 1.91 6.80 6.32 13.61 17.05 17.27
50 hPa 1A 6.99 7.87 1.94 6.98 . 13.85 17.28 17.94 0.96
4 H 7.71 8.69 1.95 7.70 7.20 15.24 19.00 19.79 0.96
7H 3.59 4.04 1.78 3.60 3.29 7.49 9.55 11.10 0.99
18.66 20.95 2.94 18.69 18.19 18.50 30.43 35.00 34.74 0.80
10/ 4.92 5.54 1.84 4.92 4.54 10.06 12.71 15.12 0.99
16.69 18.67 3.00 16.67 16.31 16.52 26.91 31.05 32.25 0.94
70 hPa 1A 4.66 523 1.71 4.67 4.22 9.95 12.80 17.34 0.99
6.37 7.16 1.71 6.39 5.78 13.59 17.46 20.17 0.98
4 H 4.72 5.31 1.76 4.73 4.31 9.92 12.67 15.60 0.99
7.05 7.92 1.69 7.07 6.37 15.16 19.55 23.85 0.96
7H 5.12 5.78 1.86 5.13 4.74 10.44 13.15 15.48 0.99
10.67 12.02 1.93 10.66 9.94 21.19 26.46 28.80 0.96
10 H 4.12 4.63 1.72 4.13 3.74 8.76 11.24 14.38 0.99
8.08 9.10 1.88 8.08 7.49 16.34 20.54 22.11 0.97

T RATHR QBO R A, A E1TAE QBO XA A, FRIZE R AR K-S 4.

ASCAEH ECMWE $24t(1) ERA-Interim 77347
I RE, S AR A L2 P2 R X B
DATRHEEA T 1 Se i TARAi X 2 X2
IZETTPEARAY, 1% Hh X HE TR XU 32 57 31 s K
RN EARLRT QBO [R50, AR i 0 % H3d T
FASCWHEFE I A QBO F 4k, 1 i A [F QBO 47 AH
(I A HTHE T QBO I £ dth [X v 25 JXUZ 1) 5%
ey, g f R 2 X2 v R 23R Al w7 ) PR A 2 3
1T Weibull 8t 345, RIWT 4518

COARZE X MEF KZ T ZEEHLE 70 %2 30 hPa
(A 17~25km) w2 ], FEHILTE 10 H&R K
T4 FIR), AR B e 5 B i W g 1) 7R —
B2 R RS AR RS, 10°N LA LF
WA NS XZ I H L

(2)QBO & LML Hu X HEZ KUZ I 75— AN E
PR, FEAEATE 15°N DIR X k.

(3) fHCZh 1 X e 52 U2 sty il 40y ra AL

Yo “dbs” HBAERHE 10 HREWE4 H, 12 A¥)
R 4 Hh 4 BEHEA 8 7 200N BT, 30, 50 hPa
e FE M IS8, H QBO AR KU AH i) H B
MEZTE &y, PO X ARIARE] 90%LL by “RIsZ” MR
% QBO s, HAEPU A ARIR L, IR
—FRAE T0%LL b, AR AL ST 10°N BT+,
SKZEMIHINAE 5°N Bk, 78 aJ R AR =0E/N

(4)Weibull 265 B s 00T DUR B 1 H SR UG
AN QBO i AH R 222 H A3 1 AT A %
3A, I ELAT DL Weibull 205t 55 H AN [ B 8
FEORE 6 X S AR AR X, A oA e BT B P2
TKHEIZAT B T RS AR o ¥ 1355 30~50 hPa
11 H AR 4 PR 5.2 m/s, Ugsy, h 11.04
m/s; FYLEG 50~70 hPa &%, QBO i XU AH A,
50~70 hPa [ 44 P2 X £ 4 5 m/s, 7~8 H Ugoe,
T 10 m/s, HIEEFRE CRERISTT . Rl 2 r
Yol b#% 70 hPa AT 4K I R] PRI XU o 13, 5%
HHFAT IS AR

ARSCIE TG vk 700 B 1 AR ED i X e 22 XU )2
(1) B o A REAE, (H RS TG R A%
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