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Analysis of atmospheric turbulence characteristics based on

round trip radiosonde observation

YANG Chenyi!, GUO Qiyun?, CAO Xiaozhong?, YUAN Yuan'
1. Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, College of
Atmospheric Sciences, Lanzhou University, Lanzhou, 730000, China.

2. Meteorological survey center, China Meteorological Administration, Beijing, 100081, China

ABSTRACT: Based on the round-trip radiosonde test data of Anqing, Changsha, Ganzhou,
Nanchang, Yichang and Wuhan from June 2, 2018 to November 14, 2019, the turbulent layer
thickness, logarithmic turbulent dissipation rate, Thorpe scale and buoyancy frequency are
calculated by Thorpe analysis method, and the probability, horizontal and vertical distribution
characteristics are analyzed. These radiosonde data have high observation accuracy, and the
vertical resolution is about 6-10 meters, extending to an altitude of about 30 kilometers.
Turbulence can be estimated in the whole troposphere and lower stratosphere. Based on the
analysis of turbulence characteristics, this study compares the differences between stations and the
observation results in the rising and falling sections. The logarithmic turbulent dissipation rate
representing the magnitude of & has two modes, which decrease to both sides with the peak

3and - 5 m?s73

centers around - 35 m?2s~ respectively. The troposphere is more concentrated in
the peak center than the stratosphere, and the value of the peak center of the troposphere is slightly
larger than that of the stratosphere, which indicates that the turbulence in the stratosphere is
relatively weaker than that in the troposphere. From the horizontal and vertical distribution of the
three parameters of logarithmic turbulence dissipation rate, Thorpe scale and buoyancy frequency,
it can be seen that the turbulence intensity is affected by the configuration of Ly and N2, and the
characteristics of troposphere and stratosphere are opposite. This study reveals the potential of
high-resolution round-trip radiosonde network observation data for the study of free atmospheric
turbulence characteristics, and its advantages over traditional radiosonde data.

Key words: Turbulent layer, round-trip radiosonde data, downcast radiosonde, Thorpe analysis

1. 51l §

HAr, AMTREAER A RS R IR & SR A AR A, T PR 3 B M LAk
ATARSCI &, 3R T Bl AR . AT 7 IR 5000 S B LB AT A s Pt
PR3 XTI, FBE B2 W U B (Cho et al., 2003; Sharman et al., 2014), LUK 75 I8 BHOG T iE% 07
AT RIS ) 2% [ H 3iE (Dehghan et al., 2014; Dehghan & Hocking, 2011; Singh et al., 2008). #X
7 B 2255 A R fes s R e v, A P KA O LHEAT (¥ B R IR >, BT AR E 4 K
RIS EAT PRI PRI 2% 32 3 BR i (Grubisic et al., 2008 ; Sunilkumar et al.,
2015). R H DL AL A IR AR, (B T O LI Sl R A T X,

W B RAT S 2R PR AL B4 (Bellenger et al., 2017; Dehghan et al., 2014; Kim & Chun,
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2012), HAEH G E AR AT R b . AT, SRR N LA FEZ AT I AR At )
LW, SRR T E A B RS SR S, (HIX RE S T ARE B RS
(R1—/INES 3, A8 P T e B AT PRI F 7 [ A7 7 D5 SR 52 PR TTT 4l SR 9 8048 22 17 (K antha
& Hocking, 2011; Kohma et al., 2019; Li et al., 2016; Luce et al., 2014; Wilson et al., 2014).

5 RS T RHLE K B AR SR BRI B AR SR EAR S, R IR 0
WA KGNS S EA M B I PRI TFB . AERAE 800 2/l il R R AT
TR IEE SR, IF IR A S R 55 oL AR 2 A s (s, e i oy
(1~2 8D fHFFTELR FB IR RE S 4 SE NURS A (K Gl M), AT P AR B2 P 7E 3 0. 3 57
JRAERE Z TS (Ingleby et al., 2016; #Mfe A%, 2021) o fHE, #FRAMMH L
ZEREIEZBE, 23ISR R RG], RPRAE =70 2 Z RSl s AR &
H X A5 S8 (Choi et al., 2015; Durre et al., 2018) o IXAF HNLII % FE &5 AR To 7236
SRR FUNRBEE RS R TR, BUAEEF XX A ) B i vk 7 28— M /E B R b
SHERI NI GRZS AR LT EL AT 28 FEOWND ST IR, (XA ZI0ES
R AL, BT E R IR T E SRR SRR O R IE B
WEPEREIAEAY b, BT AR IBEINE) 2 B, SO PR TEE “ BT 1h—F
B 4h— R B th” =B, $lA 350 6h A AWK 1A IR PR RIR 2 R, 1R GHR
A BRIAT IR O ) 77 2K, E RIS J2 R N T8 4 23 e O e £ [
I S UL NS R FR I8 o AN I B A, A0 BERS A PR 1N 2 BB B ey, K
RGN T IREAS, B TR WM P A (908 =%, 2018a; F6/H %%, 2018b;
BRENSE, 2019) o Mb4h, HESREET OA MR AR B A WIS HHE, o 1
1)l 554k L FH PR AR R PR AR T 58, R R Bl 77 I & B EAT THRE, &5
RPAIRR TR IS TR, O RGE R, SR MR SR AN & 5
BT WMO X3 500 7752 514 CIMO (Commission for Instruments and Methods of
Observations) fig B EFRAE (EFFEE, 20200 .

55 FH e 4 MR T 2 PR S SR BEA i TURFALE 49 BT 1 85 FH 9 777508 Thorpe 53T 7575, It
7 i I) A S B )  a E R : EE HE U EE  Re E J T SR
VPR Y R0 AT . Clayson and Kantha (2008)#F Thorpe 775N TR, $&H T —FF|
= 2 AR AR LR R R KA PRI I A e FEIZOTIER IS, — SR S Thorpe
SR BT AL M o HHR A AG T T AR, RS I8 ( Kantha & Hocking, 2011; Kohma et

al., 2019; Li et al., 2016; Luce et al., 2014; Wilson et al., 2014). JGCA#L (Balsley et al.,
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2018) « H{EAEL (Fritts etal., 2016) S5 H ARy ZERIGmIAREAT LLEL.  Nath et al.
(2010) A4 FH BB 2 B T PH Rk 1) T0 28 F AR 2 HOIRIE 90 17 Tt 0 205 e A A T R A AR
H FLSEIE T A6 o R B A EE M . Sunilkumar et al. (2015) {3 T3E4E 3 SEHILL
HARZT ISR TR EM T FRE RSB ERE . =M A 2, HR AR
S M 0 B R R P AR AR RRAIE . Bellenger et al. (2017) BF4T 17 BNV B 25 /7 A0 i
FEAE MR . G RARE, OB BRE DR, (R S R T AL AR A

HINC A LI FUFIF Thorpe J5 V43 BT 17 2K [ % Fh Jo 28 LIRS SOW I HUE 1 T AL
{ELER S i (R BIF 90 25 A J5 T B3 53 P07 AR 2 U, 3 85005 DR 00 DX 3l e 1) 7 LA AR K
P RBRIE. ABFFAA 7 2018 4F 6 H 2 HEI20194F 11 H 14 H, %K. Kb, B, &
B HE . BB 6 Ml AR PRI HE, 7558 KBS TG B A7 T T 4 A
FKIAAE . I BASCHE AR RIR TS REANMUE G mEE P, 1 BAEES% ETt
PR WU 9 [E) i T AR R B BOEAT 26000 “ 3 BT PRI AT 2 I n s, — e R
PTG TCLR PR 7 LI 2 T, I L el PR B R I IR 2, A T H
ORI s 28 45 H DYk, AT REBEAS 21 5E DIk 48 i i i H AR A AFAE o
2. ERERE
2.1 FERAFRE RN TR

AR F AR I B kR b S SR BT R AR U IR R G, Z RGN
o RGBSR ORI — ARSI FR Gt o AR RIR IR R b T 2 A e
AL RECA, FEAE JFAA Sl B0 BT B Bl b, $R 8 1~ 2 A B, K 2 ik
[ TCEER . TIEETE 150km P9 R S IR IR S 009, SI IO 802 78 R S0 11 e i
A W 1R, ZRERHNINUZM “BIR” HAR, BB S I k45 7732
L, SERBATLA 1N S RIE FFRE, AR A REUS TFIRZ 4 /NS0,
BB R AR R 3], RS @I R« IR SERZ S 1 /NI TR B BOWI, S
K20 6 /N JLF BT AR BB I R, B 500 T B i &= 5 bt
BAHIE (S8 =%, 2018a) , “FB AT ARAMNTIRZ — NIt 2 B I RO 28 B e I 1) 7
Mo Sboh, hESGREET OF AR PR B ARG s, #1550 R 1)
AR SR B 5 R, IR 7 R A BT TR, 45 RR AR
HORA L R SR AR AR E BRI 2 T WMO AR 5 M52 2 CIMO
(Commission for Instruments and Methods of Observations) & B EhruE. AT
ETHBCRT B BOBCHE PRI R R ZE A X RUZ T LA MK T 1K, EXNRZ BL AT 2K BT
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B B BB IRIM IR Z2 88 /8T ThPa, URBRIIRZEIAE] 7 WMO #UE R EAE H bR (1hPa) (E
FHE, 20200 .

HI T PR BB EUBURR IR, BTN IR AR T R A R P BOEER AR B3R U7, A A
AN BT 3R RS R G BT B B B 2cals o A1k U S B B 1 = BOWl fir 2L 1Y
REI IR EE AR LAAR, E e 28 B 73 3 2R ) To 2k P AR 28 8 PT LA SRS A0 ) K R AT R
P, DT S B ASE G T 2 LR 2 A TGV 5 U T A RTHT SU BF 7T (Geller et al., 2017; Ingleby
etal., 2016). WERM 6 Muli sy K. Kb B, A, 55 R (B 1D, WagEE
92018 4E 6 H 2 HEI 2019 4F 11 7 14 Ho SBIRSEHMER, 700008 07 BT 19 B (b
I, FIED, ETHBS FREBELE 2654 WSS . Bl oh Bl S0 R 3HER A 1 s,
1T BRE_E TR s BEANJE 48 SIANAR 5 JT DA = (R S A8 (B VA T AR A
B S m ARG . BeAh, AT LUK T FEEBEE ALY LTI, {5 i T Io B A XU
A SRR RIS, HAE T BB ERNIRIRIE 2 J5 Byl LRSS 3R B LB, T RAEA)
S0 R B A P I S AL B A R A i, i R 2 S B T B B A
A RHIE R 5B, AR ST o 3 9 235080 P A8 P PR TR B 7 V25 th B ACAH [ CHBJ 548, 2018a;
EPFEE, 20200 o

( a ) ‘ pECIRE 1 j

N )
e TR pr)
‘ RRUSRAR |

FISERE ‘i! BIIRE 0000

B 1 AR IR ERGEHR (a) RRBIG R A (b)

Figure .1 Composition of sounding system (a) and distribution of test stations (b).
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RS AR i 3 2 (K R 2 B 23 W KA 7772 Thorpe J757% (Thorpe,
19770, %7 ) R E AU 38 i JiR s 2 i T DA B B 5 5 B R 5 4 2 1 T
SR B J3 #5337, Clayson and Kantha (2008) ¥ UCKf Thorpe 4341 T KA, #2H
PR v AR B SR [ e R AR IR B T ¥ 20T R R AR B AR AR
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PEHSEP (hPa) ANEE T (KD HHHEAES:

1000 X )
p
7 ) )

X IRAT M EL, Co At . ERE KA, iR SR & FEAFE IR
BRI, Thorpe 4347 AR 16 S A A2 DA A JH vy GFUBR S AR 0E (0 s PE I T ANAR R SR 4. AR 1
1.-C FEAEFRFRATEZE, AN i R SRR, A SO 2
F0) 3 L 1 TR O B R DR, RGO T AR E R A5 2 BT [ ) T i 5l
FIEEHT .

BeAh, SEPR RAFARTE a1, Hrp R o B4R P TS0 ) B 1 2 . A5 3 W] {E 1
THREER, XA FE IR AT ER, IE)a B9 #r b E H EA JE iALIR e . 1%
B TIERER ARG TR AR, MR =MeRE, (H/KZESTE AR AN 52 ]
PLZABE AT R, 5 Wilson etal. (2013) /) TAEFH[E, 1X H A2 (G AU K 23, Y28
HAL B A R, TR PR, Ao A — MRS R, T HARE MR T
TR, HIERRX— 0 LATHR Y-

0 =T(

o Az
:H%Q%:BTD=9%b4)P+NﬂL—DZJ 2)
@ﬁé%=wm=0%hﬂﬂyuma—n%] 3)

S i IR B h ARG g R JTINEERE, N7 (k) = -5 (5D 8 T4 Brunt-Viisila

6(k)
AR BT J7 5 T8 23X Brunt-Viisald S 1)1 77 N2 (k) o] AR 7~ N (Durran and - Klemp, 1982;

Lalas and Einaudi, 1974):

N (k) =

g Lyqs(k) g (dqw) @
k

dr
?EES[(EE)R*'Fm(k)][l'F RT(O |~ T+ g, 00 \ dz
AL, /K ECE UKITRAL TR, BIR A tg, /K EUK IR & thq, AKIS IR & g, 2 A1,
T, (k)24 G R, X B 1% Durran Al Klemp (1982)/5E XN

g cors (k) + e () yLZqs(k) gs(\] ™"
Cp_d Cpd * deRTZ(k) <1 )] (5)

Ry e T AT, o RAKBIKITELAA, ¢, WK, ¥ ~ 0.622.
TS BT MIRLRO 5 /4T 0 L BRI R W2, K E M IRe HE R Jy bk T s 2
JhEi. Thorpe fif%E L Ad(2) = 2 — 2, AR RORTEHERRTFTERI S, 2 9 HER G 3T
s, —BRBRA, ME%REETHMEESHEE - DRAMBI A, BT
YIE d(z) = 05 LH—ANRRE, THIRE T d (29377l A Thorpe REELy, Thorpe

Fm(k) =

[1+ gy (k)] * [1 +
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Cyx NRX PN AL 2 AT 530 ¢ 19°FJ7, /& Thorpe 7 #r th AN E PR KIS .
T Lo ARENTE IR it 8433, PrLAC, R aei T 5 Ho o0 IR i 5 21 LU BORIEWT . 7EAS
W7t H R4 Kantha and Hocking (2011) BAX Lietal. (2016) FHF 58X £ = 20 22 1 B4R
7G5 R DA SRR IS RN G5 5o i S i e ) ge it ELBUE I3 S5 R E Cr = 1.0, FHE
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3. BRI
3.1 WEEREE SR

2 N ETHBAT BB AR R R R HOB) 0 A, X HLEL 200hPa 1E 7y 2k,
KT B B BN ER 2, 20 R N iR B IE  Z0 BT (73 il 2 07 A1 19
WPEIZER . G50 W], H MEERIARE H R8s s isl, BB 3] i i i R 45
BCENS 2 TR B R A LT BURUZ 70 A B SN B AE, RIE AR
0~0.5 km JE[H A AR Z B B R 2, BETRRZEERZIIEMN, ZEa 8z, HE 8
km B3 SXAFEAE A0 AG WAL, T 5 2 S5 RIECR 2R SR8 . 07 A 19 I 45 R IXCHAK,
15 19 I FR) 25 SR rh P NGB TR) )G 47 s SE DN T 0BG R 2 S 0B IS8 KB, 0
R RS g 2 TR, BIRE R R RYE K. jEAh, XHRE AR E
PR 8] e 4 AL BAFAE — € 22 5%, AHREHALT 4km P, ~FRZEH AT 6 km Bt
i, e tEeR, FRETERE (H BORKmIEFT & EC R B BN o

Xf b B THB N B B4t SR AT LUK, T B B bl 2 1) T I 2 ) o 0 s/ - BT
By U RAEFRE T, i E R A 2 — N R X PR S T BB 45 AR A 2
A LAE tH o A RE S0 = BT B RAHIT o BLAT, O B 50 25 T A0 R R 2 45 2
TIRZ R H 0 A E. H.-C. Ko etal. (2019) #3351 i 25 HL O PR R ANE
68 MM & uli FEE S 1S EALK XM gt 45, HERRENRE S FREN H
AR E H RBEER RIS, X 5AP TSR — 8. (AR H i KKV
WAFAE— H Wi, PRIHRPEGIRITEL 2R T IS, EAEASCHE R A L

HIR K Z BT T T E ORI A AR e, (HE H AT —Lemft S 45 RE W25 H
SARG BRE K RSAAAS RiR AR B BEE R 2, Dewan (1981 7145
RN, K ORI R A R DL R it J2 JE B .- Vanneste and Haynes (2000) 5 /i1 ™ 4% Hb
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208 Figure .2 Histogram of the thickness (H) of the turbulent layer in the stratosphere (the first row) and troposphere (the
209 second row) measured in the ascending (left) and descending (right) segments. Red and blue represent the data of
210 07:00 and 19:00, respectively.
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244 07:00 and 19:00 respectively.
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246 Figure .4 The histogram of Thorpe scale Ly. The detailed description is the same as Figure 3.
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Figure .5 Histogram of buoyancy frequency NZ2. The detailed description is the same as Figure 3.
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269 Figure .6 Vertical profiles of mean logarithmic turbulent dissipation rate, Thorpe scale and buoyancy frequency in
270 stratosphere (upper) and troposphere (lower) (The blue, orange, yellow and purple lines are the results of the falling
271 section at 07:00, the rising section at 07:00, the falling section at 19:00 and the rising section at 19:00 respectively)
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Figure .7 The horizontal distributions of the mean logarithmic turbulent dissipation rate, Thorpe scale and buoyancy

frequency in the stratosphere and troposphere at 07 am.
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Figure .8 The horizontal distributions of the mean logarithmic turbulent dissipation rate, Thorpe scale and buoyancy

frequency in the stratosphere and troposphere at 19 am.

3.4 WREAREERRR
Thorpe 7 12388 1 37 3 B 2 EAT B30T HE e JF 1 545 210 AU 10 8 BLALAS SRl T It o

(H, FEIXFP 7000 X A LR (R SRR, BTG IX 4 e JAUAR DT 5 VI AR A DG i - I L
AT R A, W SRR E . AR E . TR SO R U IR IR AR E A
YS&E AR e 5 e e SR A IR U /W N1 Ve K, O e = R S TNV =21 X
HJF 7 (Fritts et al., 2016; Guarino et al., 2018; Kantha, 2003; Kim & Chun, 2012; Lee & Chun, 2018;
Li et al., 2016; Luce et al., 2010), — 628 BB iR 3= B I 25 18 XUHUR 52 K02 45 50 1) ¢
TREE ) 775 A3 IR EA A i W SRR AR KRR M Ttk (R, 1978; 2R )54,

1996; JHBIJ, 1980).



http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0025
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0030
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0039
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0041
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0044
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0045
http://agupubs-onlinelibrary-wiley-com-s.webvpn.lzu.edu.cn/doi/full/10.1029/2019JD030287#jgrd55592-bib-0052

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

ZIX G WA TSR, ABFFUAEF Thorpe J5VEWTFT T 5 A & ik BRI AR
R A L, XL AT 51 JIAREE, A IFER T i A, B9 S ETHBA
BB AR R ATALE SO B A R lo g o B 17 JIBFE N2 B(TE ELXYIAE VMS (1]
RAEBZRUSAR R WNEIH B R, S8R R log o e FAEMA I Mmu E, HAE
X EHARUFE R Lo g o X EL/N I T8 B Y A2 AE PR rhots, XA R Lo g o e AH X A
RIFEE A RE— ARG FIIIEN?7E-0.1~0.2 s2 Y0 N R, 3 B AR
VMS 7£-0.1~0.3 s JE[H A FIBER B, 72 0 Bz L fe . (BRI VMS 5N2 ]
R —ER PIERHIlog o, X=ASEL MR RZH—EUD (£0.003~0.20) , {H i TFE
AR PR, X HR o A D PR AN 2 . BT BE S TR BR B 1R LA & 07 B 55 19 B[]
I ATRAETC B DX, B S XRUE Z (A RHIE AR 22 5 . FEXTRZ T, N2BUD,
logioe K, AR AT LBy : R MEBAR, LBk, I H dT-xhiE th N2 i 20 A v
RN CE 5D, N2ER ELEUDN, Lo K T8 log, oe3li Ko TEFRER, N2/, logyge
N, AR IEAR SRR AR S TR Z T I AR SRR 2N — 2, TR BRUONPE LR PN 23
AGYEEARRT R, N2 AL FE A BRI . BRI, FRATHHHEFRZE h BRI VWS Al g4
AL L E TR, HE 9 PR, JERWEE] VMS Slogoe L AAFE R FE IR KR

GRGRTIR, Thorpe J7iZ&ilid R Be S fr i Ah B2 At h 1 BRI SRR RIHE 60 T2,
Thorpe 734 HIFTA e E#SHBLE AR N2 /T 0 B XER. Behh, BUNIRRIZTH 2R AE T
RE, e M VWS ZHFMREAT AR DN Fik, AT e 5 VWS BARILH R
EARRK R



a1 Stratosphere-07-Down: R = 0.058383 09 Stratosphere-07-Down: R = 0.034422 Stratosphere-07-Up: R = 0.033389 as Stratosphere-07-Up: R = -0.026333
I I 07 T
0.8 0.6
0.6
0.7
0.5
06 05 &
i 0.4
0.5, 04w | € uw
g 2 g
0.4 =] |
0.3 o 03
03 £
02 02
02
0.1 01 01
0 0.2 04 0.6 0 0.2 0.4 0.6 O:B 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 O:B
N? [s'z] shear [3'1] N? [s'z] shear [3'1]
b Stratosphere-19-Down: R = 0.045758 b Stratosphere-19-Down: R = 0.13795 bs Stratosphere-19-Up: R = 0.044964 Stratosphere-19-Up: R = -0.0081366
I 1 I Tlos
1 0 0.6
0.9 5 1 0.5
0.8
10.8 -10 05
0.7 & L 0.4
w w
-1
06k 06, | "¢ 1° 04 | o )
e s g =20 038
05 103 &
0.4 0.4 o -25
02 02
0.3 -30
0.2
0.2 0.1 35 0.1
0.1
i 1 -40 R A
0 0.2 0.4 0.6 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
N? [5-2] shear [3'1] N? [5-2] shear [s"]
Troposphere-07-Down: R = -0.050162 Troposphere-07-Down: R = 0.010885 G Troposphere-07-Up: R = -0.17712 C Troposphere-07-Up: R = -0.0028621
1.4 C2 3 1 4 I I I I
12 0.9
0 0.9 0
1.2 0.8
1 ® 0.8 -5
i 10 07 -10 o7
o & e
08 N 08 o 15 06 | o 15 06
Yy | E 5 | E 4| E 05%
£ | 20 06 & o, 20 05§ | ‘C-20 g
06 iy iy | 5 10.4
8 25 g 0.4 g
04 30 o4 0.3 03
0.2 0.2
-35 0.2
0% 0.1 0.1

-0.1 -0.05 0 0.05 0.1 015 0.2
N? [s77)

0 0.2 0.4 0.6 0.8
shear [s"]

-0.1 -0.05 0 0.05 041 015 0.2
N? [s79]

0 0.2

0.4
shear [3'1]

0.6

0.8




Troposphere-19-Down: R = -0.055399 q Troposphere-19-Down: R = 0.10583 Troposphere-19-Up: R = -0.085532 0.9 da Troposphere-19-Up: R = -0.0086127
1 2 0 I 1 1 1 Y I 1 1 1 0.8
| I I ) 08
o 5 [ Ros 07
I 0.8 0.7
I -10 mel L 06
! 107 o T A 06 - 086
T VY St e e I o P 05
o = 055 o o
| | | | | | 105 w_ -20 | | | | | | | | | o - | | | | | | e 1040
I A A 5 I 0 104
04 & 25 e e o3 03
0.3 e %R ‘
02 - O 0.2 02 02
o1 - e e o1 o
-0.1 -0.05 005 0.1 015 0.2 0 0.2 0.4 0.6 0.8 -0.1 -0.05 005 01 0 0.2 0.4 0.6 0.8
N2 5] shear [s7'] N? [s7?) shear [s7']

B9 EFHBUT FEB BRI BB N SRS lo g 106 5IF JIH N REENYIZE VMS HIREME . a,c 8 07 B, bd 819K, 1,2 A TR, 34 A LR, ab
FFERE, cd ARRE, 1,3 AFJIBHHEN?, 2,4 REAENTZE VMS.

Figure .9 The logarithmic turbulent dissipation rate and buoyancy frequency or vertical wind shear probability of ascending and descending data in troposphere and stratosphere. 3 and 4 are

ascending, 1 and 2 are descending, C and D are troposphere, a and B are stratosphere, 1 and 3 are buoyancy frequency, 2 and 4 are vertical wind shear.
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