2017 4E 4540 3% 45 3 H.412-417

RARFFR

http://qk.nuist.edu.cn/dgkx

EREENLEES RS EELHTMAH L

e gD g DD * * ® O @ v 2 ®
T AR SN ELRT AT X, e
O B fE R LRAY: SR K ELTE S LI /SN A bR A EBA 050 = /K5 K FE Bk B0 50765 U R AR s Vo5 7

=0 210044

Q JTARMGERFMGHE GG F6E, /R WL 524088
@ PESIEEFPE R, AL 10081

« It & A, E-mail ; dongguo@ nuist.edu.cn

x o+ K & A, E-mail ; gmuxujj@ 163.com

2016-03-15 W fF ,2016-05-22 $25%

5 AR 23 4 % B0 H (416750395 413050395 41375047 ;91537213 ;41641042 41375092 41475140) 5 T 55 15 4 16 3 2 B4 # 3% T #2 10 H

(PAPD) ; [H 5 f 2 H 42

fE A0 MLS E 2 %44 ERA-Interim F 547 F 4, kR T HRH R L EALF R
Rty EAEMPHEANG, ER LT . FRHRAFRASEEAT LA EB/A
AL P s, — AP S TR ETM ML, 3R E Y A —-15 DU, B R B £& 4 KFHK,
FBAPSETEFRE,BELAH-1DU, BRRBTHRALKFREALSHGR AW
HehtEidise., LELFLALNALE AR T S AL T AL TRMLE, %P SR

294 -5 DU, L m 89 £ &R B LK F45H

FEEZ AU R A A ) 4 4 i B AR
(Andrews et al.,1987) , 1 AW 24 S R G R P
A WA RAEJZ ML ER B YR Y & B ER AR R ZLY
K FH % A1 48 5 %, Tt 5 A= 47 (Fuhrer and Booker,
2003) , Molina and Rowland ( 1974 ) & i 5 .15 fie
g fdi A28 W 0 H., SRR AT LA R A s
FEAE HIE, Y AT 8 CAE A 1 B R R R
A, HB AR A B, B AR R T
B £ i & TE (Farman et al., 1985) o 1 /g #5248 {F
S0 E & RIESE T Molina and Rowland (1974 ) (1) 3
WL IR BT 1987 4 52 A R R R A2 ) 5 A o
BOE B RI% . J5 K, Molina I Rowland [H It 315
T DR, $45 , Newman et al. (1997) &3 1t
e i) S5 AE , Manney et al. (2011) A& 3 1 Jb A%
REFER . 15 R EFEIT I IE HR R 224t T3
BRBL 2 BURI 27 St i WS T AR

b, RABFEIEA H A = 4 X
Zhou and Luo ( 1994 ) | F 1979—1991 4E 3 4 f)

KR
REAB
R LY
£
EHALEM;
T A AL

TOMS TLE BE# Ak BLAE B P47 (4—9 ) ¥ 6 g Jit
A R L TR £ R Y b AR XA S
DU DA b, FRH 75 580 I R A4 . Zou(1996) Ak
TIZRSAA 7R, Bian et al. (2006) % BLAE 4 7
A I A7 7E T e )i R IR X, Liu et al. (2010)
WFFE 1 42 i g SR AU MR B JE B bIL )

Jil 5 BEAE (1995) d L4 T 5 2= 7 e g M R
A BT LR < )5 3t b T 32 3 T 2R ) ok
FOAH R B9 fl o i A OB U LR . RZBCTARIN
N KRR RA K80 st EXRIZE TP
JEIX (UTLS) #975 58 g it 3R 4804 62 3 S 28R T,
e A P s (R B R AR 5 4E, 1986; Liu et al.,
2003,2009; 75 23 KL F0 £ TLE , 20045 AL A F1 R A
%5 ,2005; Tian et al.,2008; Bian et al.,2011; Guo et
al.,2012; 47 X e 55, 2012 75 5 7R 4%, 2016 ; Guo et
al.,2017) . Zou(1996) tA 3 £ a1t 15 H % UI A
X T BB Uy ok B R S — . Tian et al.
(2008 ) 1 Bian et al.(2011) A A & JEUAH 0F T[] 4 i

SIAME S, IR AR 2, 5 BLR 45, 2017 3 7 e JRURI b 36 B 2 RS 48 i 45 A0 RTE JROL TR 109 LA [ ] R AR 225 41, 40(3) < 412-417.
Guo D,Xu JJ,Su Y C,et al.,2017.Comparison of vertical structure and formation mechanism of summer ozone valley over the Tibetan

Plateau and North America[ J].Trans Atmos Sci,40(3) :412-417.doi:10. 13878/j.cnki.dgkxxb.20160315001. (in Chinese) .




SRR, A5 R AL R R F R

SELAY 3 L5 H AR UL A LA e

X HETF T 223, B s R R LT REEANE,
T A T v A v B b [) 205 B G Al 3y X AT A7 78 B4, A
e & R TE N R R 22—

T e ) S AR A B i G T UTLS X, LA
A TAE W B A S 7% X 3, 4R 1, Guo et al.
(2012) 7€ F| F§ SAGEIT T3 & 95 k0 5% 5 0 5 7R %
UTLS RAXRMERN, 2R FREZE L ZEWAFE—
VR AR PG HE, SR R R G IR 2,
JG K ,Guo et al. (2015) 7 B E %8 MLS F ik T
B2 R D LA OB S5 O HE I Ak 2 i AR
AIREAR B E AR . g5 (2017) gl T K R
T e BT T L 25

T & i Lo b 36 s i 4R T, 280 T 95 7 vmp )
PN A T o A 20 i 2 TR i, — 3% |
R A R RCAE . X NI R G AT e X R
AR, L, A ST T AR R
AR5 TR R LA I IR LR E 5B BOL]

1 HRFFHE

Tk I s 54X MLS ( Microwave Limb Sound-
er) #5481 26 B F Ml (NASA) i ¥ 1L 2 Aural,
MLS X} 118 GHz,190 GHz 240 GHz 640 GHz i
2.5 THz 47 S0 I o 00, 38 3f S 38 AT 343 UTLS
X AR A3 i BE K B A I B LA B A 2 vKOR Ao
B BE AR SR AR AL DG 1 17 R R RS B0 1 R
£k (Waters et al.,2006) , =F MLS Jz 3 11 B & 35
AH AT 2 UL #H 2¢ 3C Rk ( Livesey et al., 2006 ; Pumphrey
et al.,2007) ., MLS ¥R #8455 24. 7 s Db 5] 90
km 5 B2 [ 7E B IE T B AR AR — O R e
FEZ) 90 km , 5 KR 3 494 YCRAF, Al B i 5k
82°S ~ 82°N [ 4f i Ju [ ( Waters et al.,2006) , /K-
ST E BT PR R 1 SO R A0 A — SRk, A
BUBA 240 ZRIEmL AR A4 B 8] A 2 2 R B Y
J2005—2013 4 &= (6—8 J] ) R . — A A
& — AL R EE , A B Y 2.5 km, K
Sy HE R K Y 300 ~ 500 km, AR 4§ Livesey et al.
(2006) 25 s 14 Joz 45 il 7 1, X8 H 0 IE B AT
T AL AR T SRR AR . A MLS 9 n B
FRAT LA NASA g 3 35 1l K 25 "R AT 0 19 04 A
7 Bk % .0 (GSFC-DISC) T #(,

Wi H R AT P 0 (ECMWE) #2 it 1
ERA-interim A 37 — BRI Hfv0 7 23 A1 558 B0E 2%
4 2ok 3 30RO A OB, SR AT IO 4 A2 43 O v A s
IV I3 P AP I T SR 25 AR DA R DR AR A v
B AE 3 A 2218 1, JF B0 R T PR e I A% AR Tk

(Dee et al.,2011) , BFEJEER R 1979 T 15, &4
AW T BT . A SC i A J2 2005—2013 4R K ZE
(6—8 J) W37 W kL, 3 E 5 19 43y 37 DR UER
JEJZ i BEJE [ 1000 ~ 1 hPa, /K - 43 #F 46
0.75°x0.75°,

PR R AR 22 A 43 Wk B 1) 4 A G A v 243 b X
EALPAT TERL, R 1 T 88 KA vk B2 5 (R
2 B H b XY 2200, AR SO T Sl 25 . KR
IR () 1 & 1) e 22 5 1 R R B ()
SRR 2206 . TR AR TEAS ) w8 B b vk
FEAEAE 22 AR K, N T 8 28 1 S8 7 26 1) 22 19 1 B
FRAE, 51 AR i 25 38 . KA W B (o) Y 46 1)
i 26 %845 T R LA MR BE () B 26 iR 22 5 KRR
O3 W BE (o) B 26 B P 9 0 LU e, B o 17,
H A R AR R 2 40 AR 62 (DU)

2 FHEREMLt=EFTRETELRS
2): el 45

BGRB8 ) i 22 R WoR T B 25 v R
kLS RASMEELLEMH(E 1), FEE L
25, 1 RS BN SE R, 4 AL T B R 2 A
FERZX (UTLS) LK B2 X (E 1a) o midk
% FAEAUFAE—A L A F UTLS X (& 1b) , b
FHFRAR M0 5 Y 200 hPa( & 1b) £ i
i J B AU T BB O 9 7R B (24 100 hPa, €] 1a) i,
B2 A R A S UTLS XA AR o0 38 3 4
WL B G R 22 Rk B -0. 3 (& 1a) ,215.4~26. 1
hPa 3 B 1 43 f5 540 45 ) i 22 19 v oD s BE Dy - 15
DU ( W) , 10 3 2 H O 1 58 B 4 55, B 45 1)
i 25 %23k 3] -0. 01 (] 1a) ,26. 1~1 hPa T {5 5
REA w20 E N -1 DUCER), &
Z b 26 SLAAUAT 1 0 B BE DRy B4R 2h ) i 25 %6 - 0. 18
(& 1b),215.4~26.1 hPa & B B4 5 B & 46 4] R
ZEH O IR -5 DU (KIS ) | b 5 2 75 6 e i L
AR TR LRSS .

3 EREEMILEEFTRESHAN
i B b 3

H R E A A UTLS Ko fdbE 5
Zo BLAR AT B R S 7 A Y B AR o R
WAL . AN 2 frR, BT R e I ks fdk s b
25 UTLS X ¥ F7 76 RAE . s i 128 i R
WAL 25 b 23 ROSE Y LKA 22, HO9 e R
25 SR IV 1) R A e R O AR b 6 B R
SUE R R . B 2R R R R R 44 X100 hPa [

413



REBEHIR 20174650 H40% H3m

10F, b 1535
1.5F 449.6
221 445.3
32+ 441.2
46t 1375
6.8 P 133.7
o
£ 100+ - 430.3 g
£ ot 0, 1275 &
© o215 S {245
316 . {217
464t & {19.1
68.1 / A /\/ {164
100.0 - J)s. 2, 1141
e, ) 2, %
1468 V (1” 1120
2154 7~ ~ 49.9
#L—_A_L_&
20°N  40°N  60°N 20°N  40°N  60°N  80°N
2153 i
Bl 1 2005—2013 453 /4 7% 80 JR (2375~ 105°E 72 ) Rt 38 (b3 90~ 110°W F-4y) B & R4 2
il i 22 6 (B 2 15 B2 AR SR MR )
Fig.1 2005—2013 mean summer zonal ozone deviation rate over ( a) Tibetan Plateau ( 75—105°E
mean) and (b)North America(90—110°W mean) ;units; 1 ;shading areas indicate terrain
2.0
80°N 1.5
1.0
60°N o 0.5
i 0
Ry
40°N -0.5
-1.0
200N _1.5
| -2.0
.:' vy \’J"'\. . ! 25
140°W 100°W 60°W 20°W 20°E  60°E  100°E 140°E  180°

7

[l 2 2005—2013 45 7 F- B9 100 hPa 3R (2 ) 5L 40 1 0% (B #1077 kg - kg ™" -

Fig.2 2005—2013 mean circulation( vector) and ozone flux

100 hPa

SLAEH B EUE IR E) 1310 P kg - kgt - s L
LR IX AR B R DUIE B 3L (HL3
F5x107"7 kg - kg™ 87 XL T R RS
UTLS [ f {5 FF 0 55 13 e 4k 35 B 2 BL A 48 w0
FERREOR B . 25 b, T M R 2 LA UTLS IX
fy e FIE 26 3 28 5L LA 1 T P AR 26 LB, 3
PASh 1 i R

RS T R e O =R W W T
E EEREIFAFERERN L. EEHHE
JECRL AT b 3 ep 0 B TR B PL R AT B 45 Ak 2 RN A
o W 3 FTR,7E 10 hPa |, 75 5 & Ji X — S 1L

414

)

divergence ( shading; units; 10™"* kg + kg™' - s™') in summer at

SR G A S A 38 A () 2 38 EL A i DXy i — AL
SRR E B R) 445 2 HC At IX AR . b 36 B, — %
SR S A S T 3 () 2 A At XA . 7
TR 4 i DX — 40 A S A S A 1 i L 0 R T R SR
X B R A A5G T BB 5, T b 9% — SR AL SR
A E AR AR O R 7R 13 TR SO0 R4 i AL i A
ATRERRSS o T A, TR R X AR AR R B A i
AR BB FIE A SO A AR E P, T 3L
PRI o DRI, S o A5 75 G o L X3 S X SR
A IR ] 46 2 HAt M DX 5l o 258 1, foiad A
AT RE BT R R R AT TR O BT



T, 45 . T R e DN It 3 B 2 L A48 T LS 4 AU IRODL AR £ L A

20°E 60°F
LR
Kl 3 2005—2013 4 5 FF- 1) 10 hPa — b5 (a) AL S (b) Rl = AL & (o) W ¥ 2 1i
2% (#4437 : 107" mol » mol™")
Fig.3 2005—2013 zonal mean deviation of (a) chlorine monoxide, (b)hydrogen chloride and

100°E  140°E  180°

(¢) nitrogen dioxide in summer at 10 hPa(units; 10> mol - mol™")

2) 75 9 R T SR A 1R R (SR 2 O

#\
4 mig ~15 DU) Fidt 2 544 19 b (IR B2 -5 DU fr

FIHI MLS T2 % kLl ERA-Interim i 43 47 %%
BEL AT H A TR R R A AL 2E B R R A A IR
ZER AL ML . S5 R KN

1) 5 80 o Ji 7R R AR I LT ) b AE TE L
DA MR H TR ES RAAE— b,

T EXRIZ AR P )Z X, 3 2R R M R Ui
F18 A RO R

3) 79 e I A B AS  EE L T EP
Tz, 20 -1 DULJE s Rl fE A 5 A 2R 1Y
HEALIFE o

% % 3Tk ( References )

Andrews D G,Holton J R,Leovy C B,1987.Middle atmosphere dynamics[ M ].San Diego: Academic.

Bian J,Wang G, Chen H,et al.,2006.0zone mini-hole occurring over the Tibetan Plateau in December 2003[ J].Chin Sci Bull,51(7) ;885-888.

Bian J, Yan R,Chen H,et al.,2011.Formation of the summertime ozone valley over the Tibetan Plateau:The Asian summer monsoon and air column
variations[ J].Adv Atmos Sci,28(6) :1318-1325.

Dee D P,Uppala S M, Simmons A J,et al.,2011.The ERA-interim reanalysis ; configuration and performance of the data assimilation system[ J].Quart
J Roy Meteor Soc,137(656) :553-597.

Farman J C,Gardiner B G, Shanklin J D, 1985.Large losses of total ozone in Antarctica reveal seasonal CIOx/NOx interaction[ J].Nature,315(6016) :
207-210.

Fuhrer J, Booker F,2003.Ecological issues related to ozone :agricultural issues[ J].Environ Int,29(2) ;141-154.

Guo D,Wang P,Zhou X, et al.,2012.Dynamic effects of the South Asian High on the ozone valley over the Tibetan Plateau[ J|.Acta Meteorol Sin,26
(2):216-228.

Guo D,Su Y, Shi C,et al.,2015.Double core of ozone valley over the Tibetan Plateau and its possible mechanisms[J].J Atmos Sol-Terrl Phy,
130/131:127-131.

Guo D,Su Y, Zhou X, et al.,2017.Evaluation of trend uncertainty of summer ozone valley over Tibetan Plateau in three reanalysis datasets[ J].J Meteor
Res,31(2) :431-437.doi: 10. 1007/s13351-017-6058-x.

SR E AR, 1986 K I IR0 WP b 28 RS2 1 S A AN TESE LGB T RE DK [ J]. = R4 24 3. B AR 24, 8(4) :87-93. Guo S, Xu
Y, 1986.The possible contribution of the large scale topographic heating to the discontinuous feature of ozonosphere meridionale effect over Asia
[J].J Yunnan Univ(Nat Sci Ed),8(4) :87-93.(in Chinese).

Liu C,Liu Y,Cai Z,et al.,2010.Dynamic formation of extreme ozone minimum events over the Tibetan Plateau during northern winters 1987—2001

[J].J Geophys Res,115(D18) :18311.

415



AEAHEFIR 2007457 H40% H3IMW

Liu Y,Li W,Zhou X, et al.,2003.Mechanism of formation of the ozone valley over the Tibetan Plateau in summer-transport and chemical process of o-
zone[ J].Adv Atmos Sci,20( 1) :103-109.

Liu Y,Wang Y,Liu X, et al.,2009.Tibetan middle tropospheric ozone minimum in June discovered from GOME observations[ J ] .Geophys Res Lett, 36
(5):126-127.

Livesey N J,Kovalenko L J,Salawitch R J,et al.,2006.EOS Microwave Limb Sounder observations of upper stratospheric BrO : Implications for total
bromine[ J].Geophys Res Lett,33(20) ; 1-5.

Manney G L,Santee M L,Rex M, et al.,2011.Unprecedented Arctic ozone loss in 2011[ J] .Nature ,478(7370) :469-475.

Molina M J,Rowland F S, 1974. Stratospheric sink for chlorofluoromethanes; Chlorine atom catalyzed destruction of ozone[ J].Nature, 249 (5460) .
812-820.

Newman P A,Gleason J F,McPeters R D, et al.,1997. Anomalously low ozone over the Arctic[ J].Geophys Res Lett,24(22) :2689-2692.

Pumphrey H C,Filipiak M J,Livesey N J,et al.,2007.Validation of middle-atmosphere carbon monoxide retrievals from Microwave Limb Sounder on
Aura[ J].J Geophys Res, 112(D24) :177-180.

SRR, T, 2004 KR AR AL 5 R R S 2 R RIRIT [T]. S B R B AR, 22(4) :293-296. Su S, Wang W ,2004.The
relationship between the total ozone variation in Asis and the South Asian high pressure[ J].J Yunnan Univ(Nat Sci Ed) ,22(4) :293-296.(in
Chinese) .

IR BLIR  FMR SRR, S5, 2016 R o T AR B 2R 5 e I R AU A A B nT RE LRI [ I ] R AR 24, 39(3) :309-317. Su Y C,Guo D,Guo S
L,et al.,2016.0zone trends over the Tibetan Plateau in the next 100 years and their possible mechanism[ J].Trans Atmos Sci,39(3) :309-317.(in
Chinese) .

Tian W, Chipperfield M ,Huang Q,2008.Effects of the Tibetan Plateau on total column ozone distribution[ J].Tellus B,60(4) :622-635.

TT W SR, XA, 45,2017 WACCM3 X B 2 75 8 e J 5 46048 W00 55 1) A AR AL PR BB A [ I i U4 ,36(1) :57-66. Wan L, Guo D, Liu
R,et al.,2017.Evaluation of the WACCM3 performance on simulation of the double core of zone valley over the Qinghai-Xizang Plateau in sum-
mer| J | .Plateau Meteor,36( 1) :57-66.(in Chinese) .

Waters J] W, Froidevaux L,Harwood R S,et al.,2006.The Earth Observing System Microwave Limb Sounder( EOS MLS) on the Aura Satellite[ J].
IEEE Trans Geosci Remote S,44(5) :1075-1092.

W X, FR W, 5 AR, 45, 201255 9800 RO it = T e 5 R B B I BT s S B SR R [T ] RARE 224, 35(4) : 438-447. Yang S,
Zhou S,Zhang R, et al.,2012.Coupling relationship between tropopause height and total ozone as well as ascending motion over the Tibetan Plat-
eau[ J ].Trans Atmos Sci,35(4) :438-447.(in Chinese).

JEAET, BT 4, 2005 7 56 e Ji AL B g b 2 RS RRAE B S A A OC R LI ] b B RE 2 B R K454, 35(6) :899-908.  Zhou R,
Chen Y,2005.0zone variations over the Tibetan and Iranian Plateau and their relationship with the South Asian High[ J].J Univ Sci Technol Chi-
na,35(6) :899-908. (in Chinese).

Zhou X,Luo C,1994.0zone valley over Tibetan plateau[ J].Acta Meteorol Sin,8(4) :505-506.

JE 75 WL, B ARG, A5, 1995, F [ X R AU AR A 5 R SRR A R0 [ D) RS2l 4R, 40 (15) :1396-1398. Zhou X, Luo C,Li Wet al.,
1995.The change of total ozone in China and the low value center of the Tibetan Plateau[ J].Chin Sci Bull,40( 15) :1396-1398.(in Chinese) .

Zou H,1996.Seasonal variation and trends of TOMS ozone over Tibet[ J].Geophys Res Lett,23(9) :1029-1032.

Comparison of vertical structure and formation mechanism of summer o-
zone valley over the Tibetan Plateau and North America
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Since ozone hole in the polar region has been found,ozone depletion aroused extensive concern all over the
world.The ozone valley over the Tibetan Plateau( OVTP) and over North America( OVNA) are seasonal ozone
lows out of the polar region.They occurred both in middle latitudes and in summer half year.In order to compare

their vertical structure and formation mechanism,we calculated ozone zonal deviation rate to show vertical struc-
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ture of ozone valley over the Tibetan Platcau( OVTP) and North America,using MLS ( Microwave Limb Sound-
er) data from 2005 to 2013, where ozone zonal deviation rate is ratio of ozone zonal deviation to ozone zonal
mean,and ozone zonal deviation equals to ozone concentration minus ozone zonal mean.The ozone zonal devia-
tion rate indicates that there are two centers of OVTP and one center of OVNA.One center of OVTP is located in
the upper troposphere and lower stratosphere (UTLS) with peak ozone zonal deviation rate of —0. 3, the other
center is located in the upper stratosphere with peak ozone zonal deviation rate of —0. 01.The center of OVNA is
also located in the UTLS region with peak value of —0. 18.The integration of zonal deviation shows that the UT-
LS center of OVTP with —15 DU is the strongest,the UTLS center of OVNA with -5 DU is in the middle and
the upper center of OVTP with —1 DU is the weakest. Therefore, the vertical structure of ozone valley is clear.
Then we analyzed the dynamic and chemical mechanism of the ozone valley.Summer circulation calculated from
ERA-interim reanalysis data and summer ozone flux divergence calculated from ERA-interim data show that anti-
cyclones are located over Tibetan Plateau and North America in the UTLS region.The anticyclone domain over
the Tibetan Plateau is larger than that over North America.Moreover, corresponding ozone flux divergence over
the Tibetan Plateau( 1x10™"> kg - kg™' + s™') is more robust than that over North America(5x10™" kg - kg™' -
s”'),which is the main reason why UTLS center of OVTP is stronger than that of OVNA.UTLS center of
OVTP,UTLS center and the only center of OVNA are mainly caused by dynamic processes. However,the MLS
data implies chemical reaction may play a role in the upper center of OVTP.Zonal deviation of chlorine monoxide
and hydrogen chloride are negative while zonal deviation of nitrogen dioxide is positive at 10 hPa over the Tibet-
an Plateau, which means chlorine monoxide and hydrogen chloride concentration are higher over the Tibetan Plat-
eau than that in the same latitudes.Besides,nitrogen dioxide concentration are lower over the Tibetan Plateau than
that in the same latitudes.Higher chlorine monoxide and hydrogen chloride concentration imply that chlorine cata-
lytic reactions make ozone loss stronger over the Tibetan Plateau.The lower nitrogen dioxide concentrations may
slow the reaction which deactivates reactive chlorine into nonreactive chlorine and may strengthen the chlorine
catalytic reactions.Consequently ,chemical processes may have an effect on the upper center of OVTP.To sum up,
there are two centers of OVTP and only one center of OVNA.UTLS center of OVTP with —15 DU is the stron-
gest, the UTLS center of OVNA with -5 DU is in the middle and the center of OVTP in the upper stratosphere
with —1 DU is the weakest. UTLS center of OVTP ,UTLS center and the only center of OVNA are mainly caused

by dynamic processes.However,chemical processes may have an effect on the upper center of OVTP.
ozone valley ; Tibetan Plateau ; North America;vertical structure;formation mechanism
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