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T DART+WACCM #EE2 KPR ZER. KRR
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HE

A IHT Whole Atmosphere Community Climate Model A5 2 % 5 filt 4«
WACCM6 Al Data Assimilation Research TestBed (DART) [A]4t T H & A
Manhattan, FF& 7 o2 KAERE . REFMKR DE BRI D, BT
— AL SR RS I R B [ A . TS TRAR RN S TR (U TR
TR ABRIN 2020 4 3~4 P /2 KR AT T RN BORFBA, IF
DL R B8 4 B 3 Mz e ML, X 5~6 A P2 KT 7 0~30 KRS
JRUBE TR PA S, 31~60 R A0 HAA A5 FUBE TR0 [ 450 o 45 SRR AL AR i
HE I 2020 7F 3.4 F ALARF-3iZ H AR KRR SR S8 40 R A I 1) B AR AR A
P25 AT Microwave Limb Sounder (MLS) T2 Wl 45 AR B2 i AR 4T ]
BREAAES:, EAR T AR AE Al AR I 5, R R AR S A AR E B AR
bt MLS B MM A R EARIR 2 FIH FEGIRE: 4 A% H 1025 S viE,
R 5 H AL TR R R AR S MLS T IME I Z 5/ T 0.5 ppmy, T
(¥ 6 H AL TR R A R AE 10~30 hPa 22 8] 1 X35, 5 000 22 J] 1) 2 S 3]
T 1 ppmve ABRIAMELEE T ACAFRZ 4 5 B AR AN, 53 e 7t
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T AR TR Z RPN A . AR RN 3~4 F . TR 5~6
HAEFR I A4 m] K38 48 5 Modern-Era Retrospective analysis for Research
and Applications, Version 2 (MERRA2) F/r#7 % kLgE R AG R —8hE, X
FEACAR T30 J2 TS, T4 TR 5L B 0 26 1) I 20 5l 5 23 A B Rk 2 T 350 77 A
# (RMSE) N~3 K M~4m/s. ARBEAT [FA IR 3~4 F o PRGN H) 5~6
A AU P32 B A 7] X5 MERRA2 F43 B % kL2 8] () RMSE 78 K343 X
IHERIE R 6 K e 5 m/s LA b WAIRTEEDRRE, AR 2 T2 B Re
ol B A FL TR TN 25 5 5 WIE 2 TR 72 5, B AR EAT R i 45 2,
AT 50%LL T

RHEW PR BUERMG RATIHR R A T

Stratospheric assimilation, weather forecast and climate

prediction model based on DART + WACCM

XIE Fei', TIAN Wenshou?, ZHENG Fei®, ZHANG Jiankai?>, LU Jinpeng'
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Abstract

Based on the latest version of the Whole Atmosphere Community Climate Model
(WACCM®6) and the Data Assimilation Research TestBed (DART), this paper
develops an assimilation interface for temperature, ozone, and water vapor data in the

middle and upper atmosphere, and builds an assimilation model with complete
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stratospheric processes that includes Assimilation, Weather Forecasting and
Short-Term Climate Prediction System. The system performs assimilation simulations
of the stratospheric atmosphere in March-April 2020 and provides 0-3 days, 4-15 days
and 16-30 days forecast and 31-60 days short-term climate prediction for the
stratospheric atmosphere changes in May-June using the assimilation analysis field as
the initial value. The results show that the system can reflect the time evolution of the
very unusual ozone depletion event in the Arctic stratosphere in March and April 2020,
which is very close to the Microwave Limb Sounder (MLS) satellite observations;
while the simulations without assimilation can simulate the Arctic ozone depletion
event, the magnitude of ozone depletion is much smaller than that of the MLS satellite.
The assimilation model system not only improves the simulation of the chemical
composition of the Arctic stratosphere, but also provides better simulations of the
Arctic stratospheric temperature and circulation changes. The simulated March-April
and predicted May-June Arctic stratospheric temperature and latitudinal wind
variability are in good agreement with the results of Modern-Era Retrospective
Analysis for Research and Applications, Version 2 (MERRA2) reanalysis with
assimilation. The RMSE between the simulated March-April and the predicted
May-June Arctic stratosphere temperature and wind and the MERRA?2 reanalysis data
are ~3 K and ~4 m/s in most regions, respectively. On a global scale, this system has
the most significant improvement in the simulation of the middle and lower
stratosphere, with the RMSE in the prediction results reduced by more than 50%
compared to the prediction results of unassimilated simulation experiments.

Keywords Stratosphere, Assimilation, Weather forecasting, Short-term climate

prediction

1. 518

FREAL T RS 10~50 FRZ B &EEE, BTk m PR E 5. F
MEZSEEEZDIERT, KAEBSRELREE, BeEe, WL EX
TR AR 5 8 H AR (R RS L% . Baldwin and Dunkerton (2001) @i %t H
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P15 National Centers for Environmental Prediction (NCEP) F-30 7 ¥ EHK > HriE
52, “FiE 10 hPa DL b A5 fRr 35 8 B2 7 1 2 Bl I [ 1) N A4, JF7E 15 K2
AL RITRE T, SRS R AR . ATk, [ — e (1
FEZERIW, REFEMRTIX, HAEEAAM 2 FRE R e Pz
AFERIRE (Fltn: #7KZ, 2006; Chenetal., 2011; HIXCH#%E, 2011; Renet
al., 2014). —J7, HT-FRZEHRR T E T LU E RS RS S e ik
JANRT BARRISEN s 53— D7 T, P2 R AR R I 2 [RMREh A AT 283 30 17 X
e WHACTRUZ OIS R RS HAE S ey B A, RERRIE— 2D B AR XHIAL
JBAMEAAL, W EEAIEIT 2 AKENAS AT 3 AT RSN It R R e Rl . R,
SR IR TR AR A B 5 A SR AL oy R A 2 3 T I N AR
ZOE (Fln: Yietal., 2002; SiA{CAIFRUEEE, 2003; Zheng et al., 2004;
MritiE4s, 2006; Lietal., 2007; Chenetal., 2008; [ 155, 2009; XI%%%,
2009; NEFSE, 2011; Xuetal, 2015).

S EVE AR GRS AR A R REEAT SR b, AT AR R PR
JE B3-S REALHI 5 T IR AT, T PR BN IR R 22 B R A
P AR R 34 A TN 75 T AR DG AR R AR b FEPIRUE R ik, —J7
T, “PIRE A D R R 2, TSR RS 2O P 2 PR b e
(A1 B RS K ST 5 W 5 ) 2 [ — 8 22 0 o U R B R T RE A PRt Z
FErE A A IME R SE SRR ERAE . 57, TR SRR 2 A
HAE R, B R 32 A8 A R TR T O TT R 26 %At = #E A3l gl R A
T 737 (R TR TN , L 20T 4 RO A TR AR 30 Mg T &5 SR W H (1
M o R AABAL A PR TR TR 52 AR T v, 32 BB AR 2R B 0 35 AL 2 S AN )
PSR SE R L WIS EN T BRAFRSE L DTSR i Ah, TR TN &L
(R0 IR UR AN P2 2 RS TR TN 45 SR — AN B R 9, A A B¢
FHEAT U R A AR A T AR SO B IX — ) ) B 5 VR - B 21 2 DA
K, SRR R SRR SOEBARTEABI AR (EaACRPRELE, 2003), DU
[R]AGTIAL S G B R ) A5 AR TEAE [ P 2 R

EIEPIRE RS BORE R B, T RS AR Y M) — e 238068 e A% 0 ] R
TR T ttn, EBs Faif S T =g R R T hRE KA
EFRMEA . Jackson (2007) @it 9 H IR R B EHAM RS (kT =484 5 [
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77 %) ¥ Microwave Limb Sounder (MLS) T [ &M Z2kHAIML 2 T Bl
R AT T R I, S MLS I BEREFfb 5, ALA0LEh L b T iat 2 S AU
PR & LR ZEAm e 22 RSP 0 AT iR ZEFRAIK T - Pierce et al., (2007) 4 HiKF AR
5 B R AR BE W B 4L (Stratospheric Aerosol and Gas Experiment 111D [F]4,
PR, REfY 5 E L S Real-time Air Quality Modeling System (RAQMS) #,
ARSI 2 A _E SR 2 1 SRR IR FE IR . A 955 (2017) s =
Py AT 5, ERERU R AL T 42 3k10~96 km CIIEIT 218D /& e Fl N
MLS B2 B B s oAb, =438 7 R 7k ie s B 2 1 #E P H 4R &
(McCormack et al., 2009). #ihz (Siskind etal., 2011) AP JZE & MR
#H{} (Coyetal., 2009; Renetal., 2011; Wangetal., 2011) FIBFsT . PU4Eay
SrUORHEIAL, TRTE = 4E 0 VORI R I B Al b, NI (R 4E (S R, 2 A
ZIR R ACIRS AR Rk, HBNBEE AR R R @l AR5 7 &,
Errera et al. (2008) 7E—MUAAEHM T, [Ffl 1 R AR NI 7R Aih
AT 70 5 L TR] A0 S AR B W 5 sk i 8 650 - b 4 v 58 X0 o P S SR 25
AR R . J5oK, Elbern etal. (2010) J@id 45 Ak il A 5 PU 4k A5 43 [F)
bR, W& T The Synoptic Analysis of Chemical Constituents by Advanced
Data Assimilation (SACADA) R%t. iXs&— M id &2 KA #5UE AL
A8, WLRGEE AR FEAL I Os. N2O« CHaw HNOs « NOAI/KIRZE
ORE. SR, A = 478 53 B DU 4EA 43 T V00T 20008 [RGB I F R A Vs E ¥ 1)
e RS, HTHRIE S SOREWN T2, TTRE SECRIUR MBS R
(Polavarapu et al., 2005).

BB B AL 2 T T R TE 1 o5 — BB R 7 vk » SR A S Rl AL
RNEEG RS T HEARE S SR E T %, XNRAFEREE RRED T E,
M REAIR T B T8 8 1 SR ZE W 7 2200 7 AR M R AR A DG R R T ek o R, R G
B R 7 R AE R BRI (R A BT — 5 VB HE AR 5 o s SR IE Rt e bl
(NCAR) Jf % [f] Data Assimilation Research TestBed (DART) [F{b T H, KA
(AR & 2 aE R L 2t e S & < 208U 7% . Pedatella etal. (2013) FH DART
WHFL 7 WACCM BEAE [FA I Bk LS, 5% s J2 KA 1) A8 3R DL e
I . AATTRIL, TEFML T R R ERE AT WL R . RERR.

JZ KSI1] Constellation Observing System for Meteorology, lonosphere, and Climate
5
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(COSMIC) #riif#, DL &z RS H Sounding of the Atmosphere using
Broadband Emission Radiometry (SABER) &M E kG, HLLK RS IR
TS5 I B B (38 AR ZE DR T 40%. AiRAITFE H, WACCM+DART ] LA
HI R R JE KA H AR, BEAE IR NI FT 3R 1) P30 2 1) B8 H AR HARFAE
BJi5, Pedatella etal. (2013) FJf] WACCM+DART HE I T 2009 4-F it |2 4% &
R B AR AR . AATTRIRIE T, RAE T i R R MLS R SABER T
AR BTEE, COSMIC 2 WL BRI Z KR KHL 3. R mfk
REEWLM R X 2009 4 1 H P2 G IR AL R R, ETHR A
SR IIAT B B R BN, X P REAE HTAT 1R 2 2 RN AR R PR B
FHEAE R BT AT 04 RS s [F) 4 R G AL, 7 B il B, %o it 2 A
TR Z B R R FE BN ARG A, O #Z A B 2 R AR A LA BT HOR R 7 7 T
EE 7. Sassi et al. (2013) [FIFEfE I WACCM It FI4b AR, 5T T 2009 4E
1 A5 2 Az RAERFRERIRATFHR A, IRt E I 7R A G 5
ISR PG, FFE ST T 200 AH (REHE) UFRAHRBSIE
M %7 o

FERT NI T, AR EEOCO R 2 T B R ER R R, FiRER
AR TR AN R B S T A S AR FRTRIE T35 S 2> o T ELARAT A P F b s 2 K
AR ANEUA R4 TR R A, A0 B2 FH OB i A R =R R4 T
HAE 2 HRSEA SER AT T X L e J . ] P32 KU U R et P e o
TWACCM+DART, #{ 3L 45 (2019) #420164F-2 H — CF it 21 R P3G il (SSW)
EREAE A MR EAT T REMN R IR, KILWACCM+DART R4 51
BB 5 TSI s B SSW A TB) b 2 137 25 R A0 88 4 o P[] PR JB AR AR AIE o AFLE,
bR s S A i R A = QO [P s T = N W6 & B B DT E 57 N2
BB EANRER RS EAL . R IRELERE R SR T S
Tt St 3 5 PR iz, ST 2 DI PR 2 R SR BRIRIERE E, TF
R TH] 171) P30 J2 DR e 5 M R o AR S RM 51 T, B A m i o ~F- 3t J2 R
FRR, S FRE RN EAR KRR, EHARRE R KRR A
SR 175 U 20 5 N [ 1 T AN = o 9 o [ o 11 A Y W W = N R D
JEIIBN RG-S L, SCREMR TR [ 2 I B ) SR TR 5K, Al I 2 [A) KA KAT dedi

R R 2R, XA, AT T WACCMEH R A WACCM6 KA,
6
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12 S AR DART 508 il ADART_Manhattan[F14L T B 5@ 7 — M H A 248
BHUE R 0-30R KA TR F130-60 K 50 1 T A T ORI . h Tk
MR PERE, BEFCH EAT T AL TRARAN TN 3AN D5 T AR, LA20204F3. 4
A AT Z H L KB FE (Hu, 2020; Witze, 20200 N B,
Wy R EE LR RS, B RAAFEEMERAE . L2020 45 KK
RIS SR T3 NI, X5 6 H P E KRS AT 7 RS, Xt T
AR T &5 5 5 A AT BRI 2 R . ORISR 2N A T H
. TRARFATHINAEARY, 5535 F AR I 72020423 4 H b Pint 2 SLE K
MRFE S, BB4T T 1AL JL AR T2 BRI AR B2 (0 R AL AN Tt . Yl
RE T, HESTASWT 1A G A BRP U2 L FE AN PR AL TR AT S50 6 77 1) e

HOT NN IR ML 1.

2. . RA SRR
(1)

MERRA2 i EE 7 14 ) KA ek, F T RARCR RS . MERRA2
J& MERRA [ 2 ik, HI/KFo#%k 0.625° X0.5° . MERRA2 {13 H 7 #f
RAEH EEFRZELN 2~4 km, fEXRE EEMTEFREZAN 1~2 km, M
1000~0.1 hPa 3£ 72 2.

MLS [ RAARFRIREE TR Bk, T AR RS . MLS 230
HH NASA T~ 2004 4£ 7 H 15 H RS T 0 Aura TE RO G #0145 . MLS
PRI 2 I 3L A7 B 28 7K P IR B 204 200~550 km, T B> #FR N 2.5~5.5 km, %
|7 78 55 Y5 By 82 5~82N. ATt R 1 MLS v4.2x Atk 5 PR RRIR B 7 il
Hi 240 GHZ IR SHME 5 115GHZ a5 E SRH 1 Al BE 7™ it S A 2 ¥y . AR
MLS v4.2x 2 2= i s AR SCR (Livesey, 2015) , 261~0.02 hPa V& [ 2
A ) RSB AR RRIA B 8 B HE R T2 70 3, R AR 78 R A P AU YE LN
261~0.02 hPa I R AR BE k.

TIMED/SABER R4 /KVAMBUR A S TEMNZE R, HTFHEERR
¥ Ffk, SABER &R TIMED P A EfIUAMY#s —. SABER 1X 28
(¥ 32 H AR A RRA T GO . PREFMRERZ MR L%, 35 mE
B P 35 A To R R R A SR 4 4 LB HE . SABER B ILAE ] 10 AN IE U5

7



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

limb-scanning ZL4ME M 115 K237 8k H, HobiEuEA 1.27 pm & 17
pm. SABER A DU HEZN 772540 B . ool A3 B IR &K Os. CO2. H20.
[OVRI[H] AR VR A bb A5 AR & 14 2 B 351 T 1S o
(2) WACCM#ER

Whole Atmosphere Community Climate Model (WACCM) 2 3 [F K S HF 5t
IR iR — T E — B E— R R — A sk =4 KA
B, SRAAMRAFE) JJHESE (Lin, 2004) . WACCM 4k 24 FRil i = 4
EERR T HIEAMOZART K LI (Kinnison et al., 2007) , 15 50RF0
B R AR 2 Fh e ) |2 5 32 R 2 K i R B T gy, 5 T 2
JRESAMALE RN FE (Garcia et al., 2007)

AW TR R A I WACCMI i sB 64K A (WACCM6) , Bk
T H R KA E Z A (8] E AL R KT s WACC M6 (17K T 73 #2248 FH 0.9 LA )
X 1.25°(& %) . fEFEH A E, WACCM6 ML A2 EY R EHZIEHE (5.96
X107 hPa; 140 km) 70N EE)ZX, FEHSPFRMAENIZLHLL km, TR
JFARELL1~1.4 km Z[8], FHRJZT (£950 km) & B A1.75 km, 65 km LA
LA E PR LIN3.5km. 5 LIERIWACCMAR A L, WACCMGFIL ) 2 K
AR . AR Y (KSR AR AR SO 363, fehs
B UET A SSW S 8L I = A8 Ak, B T AR BRIRLEE FIP-3iL 2 BRI K Ll 1
M, %FQBOM H1 JZ KA K I A A R I p KT o LR RIR . XUAN
KRS MM LR ZE 1R /N, L ART AR A FIWACCM/IME 2 o BRI e 1 BR 1
Ho PR E R ZE R S A LU A7 AR L w22, {HWACCMG6 g[S F 1201 41
FN21tH 20 RARRIHARRFAE o S 41, FAHs Hh DX FRPASEADURT UL U AR LB A7 £E — el 22
X AT RS H T A TR R S B ANGF I8 BT . WACCMBR - = A5 ) 2
E, o T ARSI, B ENGE TR SEIELL. WACCMBHE T

AR, KRR AT AR bR, S Ry —5, W BAE

WACCM6 H EE U (14 BH 451 2% 4, 5 0L I B8 400
(3) DART FHLR4S

Data Assimilation Research Testbed (DART) 2 H 26 [ [ 5 KA 5% o0
(NCAR) TZRHAMLH T 10 K I — 3K 3k T8 A EAKF (Ensemble Adjustment
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Kalman Filter) JERFRRH). & T BRI B DA R A T H
(Anderson, 2010) . f/M—IRHELE N IEAKFRE AL (Anderson, 2003) 43
N B, Sl E A IINAL B R AR E RS IR T, TH R I
AR SR TR A B BRI By B8 D, I ADILIN AR B SR IR A T AR 5 I SE R
BB AL AR B R AG THER S B RSB R S 2k H R &, 2ttt
SRR FUIRS AR B AL G (1 SR & SR S EAKFHME S8 FENKF 75721 32
TR RAE T — 7 EA 7 ZE0 I 50 i S i M R R AE R, AT RE 2 Kt
SRR Oy RO [ 2y N 2 A B AR, v SR,
TIATA, BERFESERR TAER K. HAT, DARTLEARZ WM i) [F 1k 1
ARyt —LIT K.

AW T8 HI I DART [FAL T B A Ny f5e ¥ i Manhattan i A< . DARTR A5
WatE 7%, NHAERCRI/R 2 J8As, 1ZIER AR HIME RSB E B A S —H
AL EHEAS B —BHPIRES, X FEIZATDARTHIA B 2 AU SE 1R A2 Bl — A
REEE . WHUE RS S8 A4 BRI 7SR RN F FRAVIRES, AAE B TR %)
LI T, ORI R X B T e H AN s P 55 IR B FE AR s PRk AT e A, B
LSBT PR HEAT R

(4) [l PRI RK Bt

AP —ILBE TR SOy s B, B 10 2020 4F
3H1H% 4 H 30 H. XH WACCM6+DART A {bi4Ll, [tk T SABER T
B REMKKRTR, BES/MAMIEKRE Coupled Model Intercomparison
Project Phase 6 (CMIP6) 2020 4F 3~4 H ZHiUEA-FI4E R, iR IKEh TRk
H Hadley STk, 55 20ty [y s S I RES, AALL SR Dy 2020 4 3 H 1
HZ 4 A 30 H. K WACCM6 H AN, = S A58EIEk H Coupled Model
Intercomparison Project Phase 6 (CMIP6) 2020 4F 3~4 H 2 NE A P45 R,
MR IXEN TR B Hadley M BEEF . 58—l L, RRRA T EE
[FAEALBR 55 =L N TR PSS, KA WACCMS6 4, [mIfRkisf By 2020 4F
5H1H%6H30H. %4>k H Coupled Model Intercomparison Project
Phase 6 (CMIP6) 2020 4 5~6 H Z AL G T HIAE R, AORMHR K 5R1E BT
Bk § NCEP coupled forecast system model version 2 (CFSv2), Ttk #1185 —4H
RgfE 0 4 H 30 Hortryy. SBIAHRE 55 =4 w2k, JE2RRYIEN

9
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5 HLRT 0 4 1 30 H4MHT% . DUALIRE 0B U L5025 i 8 1800
B R, FANS 6 M, FULEXONELS M. PIALKYH,
ALRSE 5 MRS, S A RN 5 M RI TR F 1 BRI

B T AR R T %

® 1 WIS

Tablel: Design of experiments

UL B 5] 1k, TR, MUK RIEHME
SABER i
20003 H 1 H WACCM6 BRiA ¥
F— FE. R4 Hadley Wi %5k
4 F30H ‘ BN
KA
2020423 A 1 H WACCM6 Bk i\
B TR Hadley Wik}
4 H30H B
o 202025 H 1 H CFSv2 W= 28 —dH 505 i)
= TelA4E W\
6 H30H TIN5} 4 H 30 Ho#ri%
» 202045 H 1 H CFSv2 vz 28 —2Ha I8 H 1)
£l oAk .
6 J330H T B R 4 7 30 HoxHss

FE— MR AEAT AP A 2MEH

o 1y S5 B AT R RIS X H,
DA BA [ 40 T2 BERE UG P st B IR 1 B R s 20 3 — 2K 50 1192020474
H30H 194 137 58 = H WACCME R Tl Tl il SR SR vl 47 . 1 38 — 4k
IHIAMERZ: 1. 55—k s Bxttk (A 5 2. 5 =415 120204E4
30 H (53 H13% 4 55 D ZH WACC MO 3 TR TR 56 32 0T a6 3% . 28 = 2H RS
PUZH Dy g s el . 58 = 2H 56 i /R A2 Aan il A1) T WACCM6+DART [A] A AR A
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HWACCM6FEAE T FFR WIME 5, WACCMGTHFR T A5 7 X5k 7 5 3o R 1) =] R 350 R
BRGNS A T 5 5 = A0 5 Bt b, 1 IWACCM6H) Tk ¥ E 7E
B AT RS FE 00T, X D7 sk R A (el 4R B

3+ 20204EdbARPRER A3 4AH A 55, 6 5 iR B

TCO

320 340 360

1 B4k (A SABER ZERHGIRE:, IR 1D AR 2020 423 A 1 H
(a), 3 15H (b), 330H (e, 4 H15H (d M4 H30H (e TCO

A, HAL DU

Fig. 1 The first set of experiments (see Table 1) simulated TCO distribution for March

1 (a), March 15 (b), March 30 (c), April 15 (d), and April 30 (e), 2020. Units DU.

WATE Je M 7 88— 45, it & WACCM6+DRAT #E R 7E dh i 2 KA ]
7 SABER % SLERKIA 3 MAEMG, “PiREREMEDESER. K14
H TR AL SRR AR (TCO) B [H] (AR IE . [ la~e 205K 3 H
1H.3H15H.3H30H. 4H15H, 4 H30H TCO &k, aTIL, M3
1 B, etk N SEIF A LR ERHE (B 1a); B 15 HmE, R4
BokEdkainsg (B 1bds 7 3 A 30 H, WAL H IR B AL
%, TCO P&{KE]T 220 Dobson Unit (DU) LR (K 1¢); 7£ 4 A 15 Hi, btk
REBRER R COETF RS (B 1d); 214 H 30 H, bR E R BEHFES
PEREEALER (F 1ed. B2 47 i MERRA2 HOHTERHTHEA RN, AL

11
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ek X 2419 TCO B 8 A AL 2. 2020 4R 1) RAA KBRS M 2
ABEIFEEIHE 4 Ah FRIZHE (Hu, 20200, 3 Ad R, RASEMRERIKME,
X MRS A RS H) 2020 45 4 H 19 Ho X B FREERZ, B2 il
H1 TCO HIBRARMEAE 320 DU 247, XZK YK 2 F1 TCO #iZk /& 60°N~90°N 13
B2, 1ERNSH, BN, BANEHRIX TCO AR M T4 A8 &
400 DU LA |, X R FE ALl s 7E 3 A, s & R = UMK
JEMBIXHEARSHIX . B 1979 FLIK, btk Bt i R R A R AE 1997
FEFI 2011 PRAE H I 22020 4F 3 H 1 S AR SR S B A I sk P = A TR AT 119
STECEE 1 AT 2 FTLAE 5], WACCM6+DRAT HE 7Y () [ A X6 A A0 45 B AR i b 2
T 2020 FEACHCFRZE S 3 4 H RKHUBLHTRES o

520

480 -
440 =
400 -

360 e

Polar Cap Ozone/DU

320 =

280 -
Nov Dclec J;n Féb Mlar Alpr

2 MERRA2 H4#r 8k, 2 30 45 (1990-2020) 60°N~90°N “F#4ff] TCO

A2k, BN 1990-2019 4F TCO HZARLMIFHI4E R, B X%

1990-2019 £ TCO HI H ZALEH #5403 2020 £F TCO H A4k i £k . #.4Z DU

Fig.2 Monthly TCO changes averaged over 60°N~90°N for the past 30 years

(1990-2020) from MERRAZ2 reanalysis. The black line is the average result of the
monthly TCO changes from 1990~2019, and the shaded area represents the range of
1990-2019 TCO changes. The blue line represents the monthly TCO change for 2020.
Units DU.
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Fig. 3 The second set of experiments (see Table 1) simulated TCO distribution for
March 1 (a), March 15 (b), March 30 (c), April 15 (d), and April 30 (e), 2020. Units
DU.
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Fig. 4 (a) Simulated changes in Arctic average ozone in March/April 2020 from the
first set of experiments (Table 1). (b) Simulated changes in Arctic average ozone in
March/April 2020 from the second set of experiments (Table 1). (¢) is the difference
between the changes in ozone in (a) and the climate state of the Arctic average ozone
change over the past decade. (d) is the difference between the changes in ozone in (a)

and the change in Arctic average ozone from MLS data. Units ppmv.
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Fig. 5 (a) Forecasted and predicted changes in Arctic-averaged ozone for May and
June by the third set of experiments (Table 1), respectively. (b) is the difference

between ozone changes in (a) and ozone change in MLS data. Units ppmv.
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Fig. 6 (a) Arctic average temperature change in March and April 2020 simulated in
the first set of experiments (Table 1). (b) Arctic average temperature change in March
and April 2020 simulated in the second set of experiments (Table 1). (¢) Arctic
average temperature change for March and April 2020 in the MERRAZ2 reanalysis
data. (d) is the difference between (a) and (c). (e) The difference between (b) and (c).

Units are K.
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Fig. 7 Same as Fig. 6, but for zonal wind. Units are m/s.
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Fig. 8 (a) Arctic region (60-90°N) average temperature vertical curve on April 30,
2020. Black line is based on MERRAZ2, blue line is based on the first set of
experiments, the red line is based on the second set of experiments. The Blue line in
(b) is the difference between the Blue line and the Black line in (a), which represents
the difference between the first set of experiments and the MERRAZ2. The red line in
(b) is the difference between the red line and black line in (a), which represents the
difference between the second set of experiments and the MERRA2. (c),(d) are

similar to (a),(b), but for the changes of zonal wind.
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Fig. 9 (a) Forecasted and predicted changes in Arctic-averaged temperature for May
and June by the third set of experiments (Table 1), respectively. (b) Forecasted and
predicted changes in Arctic-averaged temperature for May and June by the fourth set

of experiments (Table 1), respectively. (c) Arctic average temperature change for May
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and June 2020 in the MERRA?2 reanalysis data. (d) is the difference between (a) and
(c). (e) The difference between (b) and (c). Units are K.
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Fig. 10 Same as Fig. 9, but for zonal wind. Units are m/s.
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Fig. 11 (a) and (c) are the stratospheric temperature and wind RMSEs of March and
April 2020 between the first set of experiments (Table 1) and the MERRA2 reanalysis
data, respectively. (b) and (d) are the stratospheric temperature and wind RMSEs of
March and April 2020 between the second set of experiments (Table 1) and the

MERRAZ2 reanalysis data, respectively.
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Fig. 12 (a), (c), (e), and (g) are the stratospheric temperature RMSEs between the 0~3
days forecast (a), 4~15 days forecast (c) and 16~30 days forecast (¢), and short-term
climate prediction (g) from the third set of experiments (Table 1) and the MERRA2
reanalysis data, respectively. (b), (d), (f), and (h) are the stratospheric temperature
RMSEs between the 0~3 days forecast (a), 4~15 days forecast (c¢) and 16~30 days
forecast (e), and short-term climate prediction (g) from the fourth set of experiments

(Table 1) and the MERRAZ2 reanalysis data, respectively.
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Fig. 13 Same as Fig. 12, but for zonal wind.
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