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Impacts of An Overshooting Deep Convection over subtropical
Asian Monsoon region on the Lower Stratospheric Atmospheric

Composition Distribution
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ABSTRACT

The rapid transport by the overshooting deep convection is essential for summertime
water vapor maxima in the lower stratosphere over the Asian monsoon region. However,
the impacts of overshooting deep convection over subtropical Asian monsoon region on
the lower stratospheric atmospheric composition distribution have not been fully addressed.
In this study, we investigate the characters of overshooting deep convections during 2016
Wuhan rainstorm by using CloudSat and Aura Microwave Limb Sounder (MLS) satellite
data. The concentrations of water vapor (H20), ice water content (IWC), ozone (Oz) in the
upper troposphere/lower stratosphere during overshooting deep convections are analyzed.

We find one overshooting deep convection case B which occurred at 5:00 a.m. on July 4.
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The overshooting convection considerably reduces the ozone mixing ratio near the
tropopause. For example, it leads to 32.53% decreases of the climatological mean ozone
mixing ratio. The overshooting convection is farther found to enhance the moisture at the
lower subtropical stratosphere through the hydrating effect which has two different ways:
moistening induced by ice particles evaporation and by the convective moisture flux itself.
The overshooting convection results in a stronger moisture change (about 98.15% increase
of climatology) when compared with ozone change. Our study implies that the local
overshooting convections over subtropical Asian Monsoon region in boreal summer are

important in transporting water vapor from the troposphere into the low stratosphere.

Key words: Subtropical Asia Monsoon, overshooting deep convection, composition

transportation, upper troposphere/lower stratosphere
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1. 5]

il

IKIERE—FPEL CO IR Z RN FE 3RS 44  (Forster and Shine, 2002; Khaykin et al.,
2009), EAEFREF DG IR NS EE E R, TERERWK S EIEREDY Os AR
T SR ARSI AIAL 2 S 3 1T (Salomon, 1999) , 3% S5 FE AR REMS X g~ A S 25 5
APt FdEH, EZ= (6-8 ) fEILFER EXHRZN T FRE A AN KA
Ly 7 B 26 2= LXK KR A A PR XX AR, 3 i 3 ) i 5 B i

(Randel et al., 2015). FERREFRAHEFTEH T, K52 RIAKSRE O EENS
SN EHEANHEBR 2 S8 K IEEE )5 2 S A2 4k (Ploeger et al., 2013).

TEHHZE KX AP0 5 H#ESE, FRAEIL B IR 2)E(H (Rosenlof et al., 1997;
Randel et al., 2001; Dessler and Sherwood, 2004; Gettelman et al., 2004; Milz et al., 2005;
Park et al., 2007; James et al., 2008; Randel et al., 2015; Kunze et al., 2016). WF#H1Z= XK
PR O P AN IR L X, TR T P R R AR 7 X AR €I (Randel et
al., 20150, EPHZERUIXAGA O AL R — = KRR RE ISR KR
FNE BT PIRE “BUR X /K (Lietal., 2005; Park et al., 2007; Randel et al.,
2006; Randel et al., 2015; Konopka et al., 2010); & % & 4% (overshooting deep
convection) RIEHIAE KV ERAMIA ] T-Fi/Z (Danielsen, 1993; Lane et al., 2001;
Wiang et al., 2003; Dessler and Sherwood, 2004; Fu et al., 2006; Wang et al., 2009). #—
FALEIN Y, GO I A2 A e AN 2 DA ELRER /KRNI F 2 ik 2% 3t J2 T

(Folkins and Martin, 2005), fiftJ5 A RUBEFAI 20K 6 H FRIZKTTHE K P anics 2N 2
fIRH“ TR X387, FEARIRAVE T 2 e = 2 it 7K (Wang et al., 1996; Holton and
Gettelman, 2001; Read et al., 2004; Jensen and Pfister, 2004; Fueglistaler et al., 2005;
Corti et al., 2006; Randel et al., 2015). &5 “FiHlHIINA, SO SRENARNRBE IR
B AN TREE AR “FEmm 7, B E i B AGE RSk & 1 Rt — B 5 ~F-ii
EKE . EHAHI KRR TR = NIREARIS, AR PR R
FROKERPETR, BTGS2 S Es S BKAS T (Danielsen, 1993; Sherwood and
Dessler, 2001; Grosvenor et al., 2007; Jensen et al., 2007). 7K i AL MR RGIR 7 A
S NY/ANG B TV =SU <27, @A ) /AN o T = W £ 187 27 © VAR R SIE1 b =< B
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2 ¥ 38 L 28 A PR 2 KVS 38 N (Corti et al., 2008; Chaboureau et al., 2007;
Grosvenor et al., 2007; Jensen et al., 2007). 7KA53 FHAR AN 2 P 52 A /K VR A A
FE ¥ (Jensen etal., 2007).

KT FFEMRAURI R TR, /T ABEFE AR XUX AR A AR AR
X e e v Aty DX, B 2 B A 25 2= UL (Devasthale and
Fueglistaler, 20100 578 /=1 i A1 L5 4 e 4 R KRt 14 %L 5% (Fui et all., 2006; Yasunari
and Miwa, 2006), WA M1 734 A PG AL AP vy AUeiid 2@ XTI RS s
flE Itz (Zhan and Wang 2012) . XA S IR AR B 32 B2 0 hi 2 Tl s B 1Y)
=1 (Fu et al., 2006; Devasthale and Fueglistaler, 2010). Hi-F X2 7] T2 4 i
B T T O R T ARG B), R T IR R LA, T2 &R
TR . SEbr b, RS RIRHAARN T i FEAR T s it H TR iz
Tl R BB, T HAEZR R Z R A ER T, X BLARRE sh AR A,
FEAEXSR BTG S) (K4, 2008; XIMSAME K, 2010; #Ebk, 2014). [Hit,
AR AR B AHR S S AT e N PR E RS A A . AN, AH
X TR R R XX R EATFT, 24150 TR i 2R M 22 KXW i FR 5 )
M PRZESSIRMT R, T P EBEERIREE R R TR RX ZFE MR
B RAEI T FIRE KV EE R AR AN A o ASSCH H 2 A ] L2 BER
TIFFE BT 2R 22 XX 2 PRI S SRR Z KT . AR AT R BE
Mo

2016 4 6 H 30 H 00 i} (UTC) #2016 47 H 6 H 6 i &AL A EIUFR N H 44,
RS KL 584mm, K 1 ECRIIM P R AN 25T, SLidak 237 AJET:, 93
NKEE, GHFIIRIE 220 /25578 (Zhouetal., 2018) . X IRBRFF/KIF=4 2 T 7
TARIARAS AR PG JE AR BT i R VO A% (5K 245, 2018). R XAy TS
AL SR M, AR SIRAT T, S KRB KR A A
FT EFgshmk ke, shmifilk AfeE R R, TERERMEN . XGRS
AE T ZUERNRERE, HAA A R R AR @ IR R . AT H 2 IZ T
DU PR B @ MR R R M, B PERR, #R R XS
PRSI B R E 5 2040 5 .

RCEFZANT . BT REN A IR, B RN
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SR I T )DL 2 U3 ] (A A S R B 1 IR ) i@ M e s S50y
THAREIE 1 B S HEA_EXHRE N TR o 2 .

2. BRI

ASCH BN DR BRAN M BORHER A T -
1) 2016 4£f CloudSat T2 BHHK) 2B-GEOPROF ™ fif ) H iA e S H 25K
(Stephens et al., 2002). 2B-CLDCLASS 7=l \ MR = (CBalEE . MZ o
A e Bay BBz Bla. WEs ARz ) E2 (Sassen and Wang, 2008);

2) 2005-2016 F:[#) Aura MLS PEBZRHKZKIRIR ST ARG =8 UKE.
TRE UKTAAHXREE IFPEEZR (Livesey et al., 2015);

3) ERA-Interim (The interim European Centre for Medium-Range Weather
Forecasts Re-Analysis) FE /BT BN S . T EERE . HE =FE = (Simmons
etal., 2007; Deeetal., 2011)

4) i EHE3ZBhEES CMORPH ft &b /KEdE (%175, 2012; Shenetal., 2014).

CloudSat »& K471y 705km BKFARD A, BAE dATF-$5 KBA 122 [A]
HIRE 2 )y 98.2< TR FISRHIER— &y —MIMEIE, Iy 99 708h. HRM
SeHbBRA 14-15 HUPUE. CloudSat IR HER Ay 1.4km, FEE/TH#4 500m. T
HHIE 395 125 )2, FEIEEH 240m, HF 30km R TIN . eI
TE AR 28 & 7= JEi 2k 55 15 CPR(Cloud Profile Radar), %5154 94GHz 2K & ik,
REFULRAAER RIS 1000 £ (5145, 2008). F5ZEUtHIRIZ CloudSat i
RIEIS IR KEIRIAZAE, Rt T drizzle-sized/rain-sized ki 1F1 23k
(D~200 pm). 75 4573 & CloudSat SN E 2R M FE7K FRPREAE 70 A1 1 2 [ —~ PDF,
{ESERR B A 23 X RS HAT iR AR RAX 7 FEK A =K
A FEKIN —E A RIS, HEREEEGE A —EH K. A K,
TIBTORLFI AL BIR, & XEAIE, MR Y AT{E .

Aura & — AT R0y 705km (KB TFZE A2, B 5 CloudSat [FlJ& T+ A-train
A, BT AR AR T, BT BRI R I ) 22 P DA . X R R E
TP EBIRRECA . ikl &L (Microwave Limb Sounder, PL R f&i#k MLS)
T-2004 427 H 15 HRGHTHS, ZPETE Aura TR ERJPUAE ZERNIES 2 —. MLS
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164

SERR— IR MR E] 90km 0 (U TR B 24.7 B, FR2RJERERIY T2 g 2 7] 1R
N 152 165km), FEEHERLN 3km, ST RIS 82 (MR ERE . A
SCRHZ MLS v4.2 AR B3R - MLS B RRRCA v2.2 T EXHRZ NP2 K
IR REEEY S E SRR BRI Z 70— IAE 5-20%:2 8] (Livesey et al., 2007;
Read et al., 2007; Hurst et al., 2014; Livesey et al., 2008). ¥4 v4.2 1E1E T Z R
AP AR, AR = (Livesey etal., 2015).

Ak TR ERA-Interim (Dee et al., 2011) M 1 U435/ )1k,
Fah G ot DR R R IE SR A, R EE i A1 ERA-Interim $24t T
[ 1979 4 KRR H VU KR 0BT BERE, I HLE I BT . e [ 25 18] 23 MR )L 0.125°
% 255 HEHEJ7HM 1000hPa #| 1hPa 3£ 37 F. ASCH RN ERA-Interim [ & 2
PAIREE, T E R ANRE

B/ K HE R b [ SRR A5 B i i BT E 235 CMORPH . T2 J i
B K BRIl A IR /K 5 (LO BB INRITEEEL M 2008 SEE 4>, IR HER N 1
/NI, ZS[E G EER N 0.19X 0.1 (%74 2012; Shenetal. 2014),

ARSOFRZETRIT R T 2 Fio7id, o BRI 2352 TR E) 7 i 2
it IR R T 1986 A A TRALZE I E L (WMO 1986), RIIRE
HIRAE N 2°C kmt BRCA R A SAK s, 1 BAE MR DL B 2km U= PR
FEIA AL 2°C ke Bl 150 2 AR QR E S s

(VXVg)Ve
= T,

LRV AR, O A, p R . R TRAOE SRR AR T

EHlq > q., WEHFH N g HEERTEEE 1.5~3.5PVU (potential vorticity units, 1 PVU =
10 " m 2K st kg') Z[a] (Holton et al., 1995; Hoinka, 1998; Dethof et al., 2000; Wernli

and Bourqui, 2002), A3CikHg. = 1.5PVULEJYE) 22 = T I o
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3. ELDUFR I TH] ) L2 BUER BRI R FF B AR 32

(a1) 2016-06-30 0458UTC

(c1) 2018-07-02 0447UTC

c2) 2016-07-02 0447UTC dB;

15
12 M ‘ y '!
o |
% AR 1
3
. et e i

25N 30N 5N

30
20
10

-10
20

1 BBy (al-f1): 6 30 HE 7 A 5 HE P2 By /Mt BEsK (HAz: mm day™)
Bl B aR O ELZERKZ CloudSat HUE M. N (a2-2) LR PUERTHE/RI
CloudSat HIA [ (FA7: dBz). Al-fl Elhapta H 2312 CloudSat HLiE 51 .

Fig. 1 Upper parts (al-f1) in each panel: the spatial distributions of hourly Precipitation (units: mm
day?) and the orbits of CloudSat and AV (shown in green lines) from June 30th to July 5th; Lower part
(a2-f2) in each panel: the vertical profiles of radar reflection based on the satellite orbits (units: dBz)
from June 30th to July 5th.

KAET 2016 4F 6 H 30 H 00 i} (UTC) #2016 47 H 6 H 6 B FEKE
NPT 28-34N, 107-121F Z[A], HMA5EAR 0 1 Bizs: 6 A 30 H 5 I F#KH
WAL TPON, FHER, BRPE =285tk 27 H 1 H 6 T AR SR RY 7 X 35
7 H 2 H 5 NI E SR — R —BUERRKREEISSS; 7 H 3 H 6 I 120 LUK
LRI ALG, AR 7 H 4 H 5 W 115E DURIIMIT4k8: LA,
1M 114E APHII R RIA%, FfriivRiAe et — Dk, =7 A 6 H 5 R SR
THIR. FAMEBFKP ORI EER AL, sl S DEPUERNES, 2
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HEHL CloudSat PARFNE—3. 52 TR 2 FR IR A, PR ARG RN
R Y B R AR PR o X 3, (FR DR ARSAAHE B LRI IRR ISR, 7 A 2
Hf14 H (K 1cfle,
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(e ) 2016 07 04 0438UTC | f) 201 6 07 05 0522UTC |
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00 -:M" ! b -
0 5 L 44 :
0.4 2l i:
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B2 (@ - 5%x6 H 30 HE 7 4 5 HIY CloudSat =288 501 EIE . b RE g siial
A X IAR IR K s DX B RN MLS $33d BRI = X E . g
NAMR A (Do), EEEANRGR (A, REENELR (CD, BEARRA (Ao, HEN
B (SO, WEONEMRE (So), REANMRZE (Cw, B NHNE (Ns). HREASEAR
RN IFRRIBET L O AR R R

Fig. 2 (a)-(f) are the cross-sections of CloudSat cloud types (shown in different colors) along
satellites orbits from June 30th to July 5th, respectively. The area between the black solid lines represents
the main rain belt range. Black dashed lines indicated the position where MLS has swept over the deep
convective clouds region over main rain belt. Red represents deep convective clouds (Dc), light blue is

altostratus (As), dark blue is cirrus clouds (Ci), orange is altocumulus (Ac), yellow is stratus (St), light
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purple is stratocumulus (Sc), dark purple is cumulus (Cu), and pink is nimbostratus (Ns). The orange
solid and dashed lines show the dynamic and thermodynamic tropopause height, respectively.

GGt B RE FE R T — M RO B xR (Wewk, 2014). S
TIEERBNFIERRUZ T, o] DA RST8] RV P08 s sl o et 775
MRS B 2 feos 1 6 H 30 HE 7 F 5 Hus BEMIETT M %R L A o
T R B R 2 T FE e T 15km PRSHR SE. Hdr, 7 H 2 H, 1T
FEBITE T TR A 2 7 o XA TR b (18] 20), S [alJEHEA 31.5N-32.6N,
AR VB2 R ORIy 16.5km, MBIt =T (15.3km) 4%
i, REEEFIAAAARZTRSE, AN FEERUE L IR AL 7
H 4 H, Rz RS X Figre b (8 20), ZERE 33.2N-37N, %
T IRy 15.2km, &t “BIAIARHRE T A “ AT IRZET (B0
14.7km), A FFIEMERUE G ICNFIENEARHR ST B.

40N i

30N —f .

20N : . . ." . B A ...C:
100E 110E 120E

& 3 MLS HdlauiE A, A-F iRy 6 H 30 HEI7 A 5 HEHUE .
Fig. 3 Orbital map in the MLS data. A-F stands for the Aura MLS orbit from June 30th to July 5th

respectively.
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Gk, ERDURNITREF, PEVORHEIRE B, 817 A4
05 I HERYZEIBHERTR I 5 SCHHER AT FEHEAT MR EL T, LA T AR
TR RIK B R SR LR TR0 205 R,

4. FBEMENRESN SRR EXRE/ T FRERS 2

IR A He 7R 52 2180 v ick LA SRRt i Hh B I AR A R i B 2 1
SERIggm ;SRR AZ 33 B A ik s S O AR R R AR A R )
TGOS WK E BN R T RS IKAAK R B & i, RS R R PR
JEAKT A SAAAG ) 7y — BN T (5SS, 2012). BRI, ASCikfEbl E=A
FEFRRME G B XTI S IR Bt R 2 K8 R oTik -

AT AR RN R AE T SRR E TR S B, 1B 4 45T 6 A 30
HZ 7 H 6 HEMW IR (B3 HARNEFREXIED SFERKR. RE. UOKE &1
TSRS L. 7 H 1 H, 200-120hPa i IS AR A LU E 1%, JF7E7 A
5 HF/K4 G R (K 4b). TR E ARG LR/ NT PR, IRRREE
LR AR TN R AR A L s S B AR TR . SRR S
HEANH], 150-120hPa g E/KISIRAELAN 7 A 1 HIFGAHIN, XRdhn— B kL)
KSR (7 H 6 B (Bl 4. UOKEETEARAER (7 H 1 H) JHaishn, k&
IKEER (7 A 5 HD Jailigsd (B 40). KIKRA RIS BRES T FHRE,
B HERRAE T B IE R R R B AR S R m A 2 B RE TR
JZo B KRR A LRz UK & B AR R I R W I R R R e it 2/
TR E R 5 A
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200 2
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1 - 9
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; 5 7
140 = 3 5
160 -~

p L 3

180 —

200
0630 0701 0702 0703 0704 0705 0706

46 H 30 H-7 H 6 Hifl, J&T MLS #iar /i B2 (2) /KITRETE (Ffz: 10 vmr;
volume mixing ratio), (b) RS & (AL 109vmr), (o) WOKERE (Ffi: 108 gm?3) BER
[T L. o, XS], Y BRI & .

Fig. 4 From June 30th to July 6th, time evolutions of (a) the mixing ratio of water vapor (unit: 10
vmr; volume mixing ratio), (b) the ozone content (unit: 106 vmr), and (c) the ice water content (unit: 102
g m?) in the MLS data averaged over the main rain bands. Horizontal axis represents temporal
evaluation and vertical axis represents the concentrations of three constituents.

N T 5 U B DR RS TR 3 D i SR R KT R VORI & 5%
SO AR ZE R, ASCE R 2 i M) B R M B RAET 7 H 4 H
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05 i 09 73 20 4T3t He ) 344N, 123.37F F135.6N, 122.94F Pikt, JaE i
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(b) water
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fi7: 108 vmr), (o) FHXTTFUKAIMRHEE (AL %) F (d) WHOKESEME CAfz: 103gm?)
(e) #fE CAfr: K)o FPRERFEREEEw AL 103 Pash), R E LR AR XIS R
IR ROSLLLREN A ARETE: BREORAR AT PR Z T
Fig. 5 Distribution of (a) ozone (unit: 106 vmr), (b) water vapor mixing ratio (unit: 10 vmr), (c)
relative humidity with respect to ice (unit: %) (d) ice water content (unit: 10 g m3) and (e) temperature
(unit: K) in the MLS data along the orbit profile on July 4th. The black vectors indicates omega (unit:

102 Pa s%). The area surrounded by orange lines is a deep convection area. The black solid and dashed
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K5 fEor 7 7 H 4 HEXHRZ Tz BESUE (B 3C HUE) FiT R
AKIRAE WOKER B2, WK 5a iR, {E 240hPa-120hPa Ak, X
T DR R S A T R PUE B AL P A AR A X I R D - RS EIRS
TR A REA S EARRT R D, AL 51 7S A 3 BRI e AR R Jo R JAL 2 TR AL ) 2R
AR, 12EARILUOT R G E RSN UZ & UL ERP5orA . AEXHRUZ
s b, FRZALE SRS R A D> 1 32.53% (K] 6a). FBE MRS B
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Fig. 6 (a) The vertical profile of water vapor mixing ratio anomalies (with respect to 2005-2016
June to July climatology) over overshooting deep convection regions in the MLS data. (b) Same as (a)
but the distribution of ozone. Horizontal axis represents concentrations of 0zone or water vapor (unit: %),
vertical axis represents the pressure levels (unit; hPa). The black solid line indicates the deep convection
event A, and the gray solid line indicates the overshooting deep convection event B. The red and purple
short solid lines indicate the dynamic and thermodynamic tropopause height, respectively.

IR SR BN B AL BT AR A TN G2 . B IR
TR, RERZKIE A RPPRE, R BT FRE K S 2.
2L, SIEHUEDT A E AL AR X AR L, XX A 140hPa-120hPa F{I7KI
REHHIEEZ (& 5b). W)L, XUk BRG] ERKI R S A

14



281

282

283

284

285

286
287

288

289

290

291

292

TiE - (139.06hPa) B SMRAMZ 1 98.15%, BT F(: B smFIRM L%
W FRZEAKE A, Hagmm s TR FEE A (Bl 6b, B 7h). BT Z&EM
KA B SR TR E e (& Se, K 7e), HEBIASAIMAKAEE &,
SAAMTXHRERAKRBEA RS . HoXRFE R E IG5 7 Jmkh EXNRZ TR
RIZKIRIR A L.

100

120

140

160

180
200

100 4 -

120

90 —

- 140

120

150 4 ]

1 ) T ) " ) 180 4 °
3 w3
1 1 A 1

25N 30N 35N
[T T .
10 3 50 100 130 200

K
200
E . . . . . | . . >
60 —
90—'
- _‘-.—_.——"--‘s\
. - .

120 4 _m—

150
180 4ot e Il toa
210
A
25N 30N 35N
BN T T T T e

192 196 200 204 208 212 216 220
B 77 A2 H, IPUERIHT MLS £ (@) S8 GRAL: 109vmp, (b) RIRAH
fir: 108 vmr), (o) AHXTTUKEIARNREVOK & & (AL %), (D) OKEE GREA7: 103gm®)
il () MBS CHpfir: K. EPREAREEE o (A7 109Pash), R EAMHIX I

NERTRDIR. BOSLEFRE) A RE T RO R R AT R Z T
Fig. 7 Cross-sections of (a) ozone (unit: 10 vmr), (b) water vapor mixing ratio (unit: 10 vmr), (c)

relative humidity with respect to ice (unit: %), (d) ice water content (unit: 10 g m3) and (e) temperature
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