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Abstract

In order to solve the problems of being short of stratospheric atmospheric observations, a method
of improving the global numerical weather prediction (NWP) qualities is proposed by assimilating
satellite ozone data. The complex problem of ozone data assimilation is transformed into a
large-scale optimization problem constrained by the governing equations of atmospheric motion,
and the global four-dimensional variational data assimilation of ozone from SCIAMACHY remote
sensor is implemented to produce initial fields for global NWP model. The numerical experimental
results show that the utilization rates of surface and sounding observations have been upgraded
to a certain extent due to the introduction of satellite ozone data assimilation, and the distribution
of the ozone prediction field changes obviously. Furthermore, the forecast skills in the northern
and southern hemispheres are improved a lot by carrying out the statistical verification.

Keywords

Numerical Weather Prediction, Four-Dimensional Variational Data Assimilation, Satellite Ozone
Observations, SCIAMACHY, Adjoint Model

~

REWNEI 2 TKOLEL 57 FER EMLEA

OB, RER, R F, A3E, L K
[ B R R S R R B, IR Kb

Email: "caoxiaoqun@nudt.edu.cn

Weks Hi: 20174F12 60 FHBER: 20174F12H21H; & A HM: 20174F12 4 29H

SERER

NESIH: EANEE, RE, BE, BULE, SRR LAWK AR AR 7 SRR ROR ). HEREL A RTHY, 2017,
7(6): 856-866. DOI: 10.12677/ag.2017.76088


http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2017.76088
https://doi.org/10.12677/ag.2017.76088
http://www.hanspub.org

BN

R

3P BRI R R /D A, 3R H A R R REN S SRR RS IR R 2.
BB M REA TR R RO — N RSB shiEH T AL R AR KRR AL FRE, HET
SCIAMACHY P 2 R & WMl i1 & BRIU 4635 5 BB Rk . RIS BRI T EEREWNF B FLKEIN,
—ERE RS THERAESROFAAF AR, SSERESETRGNSFAEEHESTN, Xk
LR A RBTIIE0-B A — ERERIRE.

3 40
BHERS TR, WEDHFRFEL, BEREMNN, SCIAMACHY, FEBERE

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5]

RARMIKRKSPEEMRES A —, BRSET WD, (HESASE, HIRAEYE. KSE3)
FEME R ARSI EK . 15, KAREAZ R ME— R A BRI 250~300 91K 58 AR S IR U
AT LR N R BR A G 52 K PSR AMR S B 1] [2] [3]. KA SREBM B m N RAAFREE, T
CERAERVE SR> B bR I S EUR I S s, 51 T & EBUF . N RAEFE R IR R
T[] [2] [3]e Hik, RATLENSE IR P RSORS00 2 1 2 B, 5L AR o v P 11 20 A B 32 )
ZERE AR, D KA ER S A 7= A5 BB . 7 i e i B R 2 Hh B ) S AR 0 5
R AT TRIB) AR, TR SN ZE K. B, XTSRS, SR
BEFRAE, Fm KRR EIRER TR AR B BEEZEN . &5, RELPm IR ER R
R AT A I E R R ERATR XY BRI E LI B, SRR N — AN B R R
AT A BREUE R SR (NWPYIE R AR 73 ZERHAI b R GeH EAT 25 18 [4] [5]. — 7 T I g% S A5 s
UL A P SL AU BR 4R T A SL AU SUIRAEL, AT B8 s ke S 4 A T2 2 3 2 S 236 11 I ) A0 T v FEE R [ 4
MRRR . H— 5, AR RSIE SR EEY S A NZE & 7R E T E XIS RS (E S, A RESR
AP Z A B AN

TS TR, B AMEAE PR R LB KA BRI . —Fje NWP ik, FE2
WP 2 By BERHRMGAE N BUE R S TR R —i0 5, R M4 ik B — e e o, H i oot
W55 NWP =i i & oAb —Flig i @ i, B T2 A A R AT BRI L, A2t
A PR A A B (CTM), BT DU A AR, IS AT e AL 52 28 AL 2 AR 4] [5] [6].
NWP J7iE R H B2 RS R 22 RO DG B 5 RS TRACR , AL 225 07V
HRARF T Z[7] (8] [9] [10] [117o 3 S FN R A A A X IR AN B A fje oy 548075 e Tl S fit it A7 )
HI12] [13] [14]e N TR/NRETRIRE, SKAEE[15) MR 16)4 S-S TR S BAMZE ML . Phik
R TR R 3 55 7 VA AR R T SRR TR T o BRI ARV AE [ 17 T4 & R IR 2 98 7 IR AR B I A% 2
SREBMARGE L T A XIEE AR R RS, PR T 5 2008 4E16 5 Bz 2 A E 1)

ik

DOI: 10.12677/ag.2017.76088 857 HOERAL R


https://doi.org/10.12677/ag.2017.76088
http://creativecommons.org/licenses/by/4.0/

BN %

M i S BRI S . BT, [ A OGO R AR T B AR A R AR AR A . SRS
QeFisR T I, TEE T 1R RAA BORHR A ot A BREUE R S IR 0T 7 AR B AT .

AR B TS O BRI A BRIV 4E 38 7y R BOR D9 fE A 2 A TR I 3 2 18] K A B e 43t
Wihassm. EoekE T RAEMMGRHFEAR, K =% 10 R BOR R R A oy — A BUR e sh i i s
FE(H Navier-Stokes it {4 /127 77 R A B4 & A0 TT FR 2 ) N LT AR AR IO R R e A I R, s Bl T
SLE UL AR DU 4EAR 2y BERHRIE . SR 16T SCIAMACHY P& SLE I J& T 43R Rk FERES .
WA RRY]: TR E WM BUR RAE — @R B3R 7 i AT PR WL ) R M 3, A R R
AERBERA AT BA YR, X ALEEIE A R B0 #0E — € IR R .

2. REFAPEUEAR
2.1. MBS ERERGE

()P 7 i — e I 2 S R 73 A7 A6 22 LI K0 ik 5 30 32 T B R A A b =X 1y 23
Jrig, H AR A RN TR — UE BRI . 15573 QUL RO LR ZE R I R A ) A T AR £k
PEBN 7R RGP AR S HEE[18]-[23]. FMLTEE R HEE. BEJR. AR&MEsh 1 RGN
RAERPESIS A Z M, AR EEMMA18] [19]. HATSSRERMT IR EZ o MRS —3K
A GERHRME T, 55— S Y BERHFIAE 73 18] [19]. FTiH 4xBRIU 4E43 73 Bt kR L% (4D-Var),
Wt A JEIE U 4E TGO BRI EATE 73 MURT, AT 4 BREE Fiiahoss 20T 75 22 A S 2 IR
SMA[18]o 4D-Var F& H AT b bR AR TR 55 856 1 B A iR e i R S, AR 4 v B R Tl
B RE T THTERAS 1 KB

S FH B 13 10 DU 435 43 B0k ) £k 75322 92 B0 4 3R B S80I () 2 B Ak . R AR OR R Ak AR I b —
UL IS B 17 AN R S A T RE N L AR A I R A e DL A I R 18]-[23 ] SR B Rl
(O E bR T R B2 i J, ROINZ 66, B, B BRSO J =, +J, , BARIER N FE)
KR

N T
J(a) =30 )" B (=) s g i [0, ()] or} 0 ot [ag, ()]-or)

i=0

oo, R EH R SR TR U OB RS R R A A B R A T
R AN o RBCTH AR R, T A, AU 7 BT BRI, ForieR s
AR MR SR B M, 5T A R 4 b TE S MR A I 21, BUAE  I 2), TRL
x =M, (x) R HTBERBUME I ¢ W ZIBRRES . 1T 1 I 20 BERARAS R M b — M2, 5124 i 2
RRTRY, FICATZRR: =M, , (x,) . ARy, =H[M,, (x)] 256 L BRI BURA
XL IR . B T O 4 B FRTs SRR 277 225 M. S T SCHL LB R A, it
B O 1R 2 Y7 2 M LR MR 8 25 20, W78 bk FLB s SO MR A i 5L O, T2 ¢ BEE 77
LR R (T, pop) UREGE ¢, T B4R 5 4B RS BRSNS B2 55 %50, FARER BT 09
Wi x, 2 20 TR 2 1 0 0 (R R A s 2

2.2. REWNETFRRIT

SLANIN E 2 BRI RN, Bl Joget REHRENG TN S5, ZSNNEER D
TR RENE IR AN BRI, LA TR ELAR I S B R ATEE, AT DB S R B AR, FRIAEBRAE
EALEK AT T E bR Ll R AR S S R AT R A . AR I [A]) S BRI AL R S

DOI: 10.12677/ag.2017.76088 858 HOBRBL 2RI


https://doi.org/10.12677/ag.2017.76088

BN

HORARR A SO B (a0, RAARKIR)# 2 LA — S TR B 5 A AR 20 (02 IR R B (U E )
TE BRI, 172 A TR R R 3 A A W 2 () — B 23t o 4 T O 0 s e o N I 28 v S 400
T SR F A B (0 RV R AT R, RARI AR/ kgem ™. SLEUWINR A -5 AT poK AR (R Y
SR, A [F] A SEAE T DU B 21 BT AP 2 1) LTI S 1, T8 2 SR S S 00 (19 4 TOMS
H1 GOME A & LA B W 5k MERIS AU KRV » 7 e AT 950 8 T B 23 2R 12 A 00 (A
SBUV). #FREMIM, FEHITEMmZEITIE, NOAA R4 P2 ER SBUV {#E MM H i £ R4 R4k
AR o ZE 0T 1E WP FAE S R e ), (R R AR A% SBUV MLHEAT M 21T 1IE. A LA B B2
ML TR AT T B 2o, THRE AR N Q)X FR:

1 k
TO3,k =EZ% (Pi _pi—l) 2
i=1

ER g RFRUERNRASER, p M p ANFRZUER L FHANAUE. &R0RE ST
P it B, AR SR SRR . ERER TR, | T, BB 0. ZEBIHLIY
LI, A SLA B TOs AR R A 1L

23. REXFREEAR TSN/ HHERN

NSRRI H e R B AR A, 7 B 50 NS o M B (9 DI e/ AR 5K 217 [22]
[23]o AR EUE PR AR VI NE/ AR T SRR O 2%, O 7 R S BT AR D) 2 1/ A i Ak
B BRI, H SR RS AR S AN fe] S B AR S B T SRR I DD R PR BE R, X A
REAHR T AR AR CU(SNM) , A B RS 55 A B e 2 R R G O R R PR R SU(FNM) o £EAMIEFR
SR TSR A R R FNM, TR R I SR Qi D42 7 4 2K, AR D) etk /A AR e 23
HER A HAMEIA I ENM — 2 (B0 T ORIENSSR, DIANE/ AR REAR 33 T AR R AR S L. ks SNM
FRIDD A/ A BE A 2 D B 7% 2K H A bR B80S B0 R T 5 o =5 ZE R DD ek A B AR K217

XF BB AR (1 an, SRR I s i 6], SERERIIEATTRE T BLRZR 9 F i A (3) 3

% 9oV RV | S s ()= T
=E +D,

Horbt o, R WA § K, seN, RUFHERN, v RRER, B KOEEh BB 50
B MR R A TP, & (r) RACERIL r (RS, TSR i () TrERm, (r)%
TR, U U R LR . B A D, 5 SIS O BOE  RLEER, p %
TR, kARG BER 0] (1] PR A M HE R (CTM) R L E 7 — LS
B 5 A4 T DIE W S 7 RS R B R L F @R R

a%$+ﬂ®5—%VQMV&ﬂ

(€)

4
M R ), ()]0 0

¢

S B (R D2 A /P B A 38 T i B M I [l BABLA G 2l A QRS 1 B Bl TR SEBL[19]. (H2, 3T
B3 TH BRI BEAURS AR 52 K1, BRI A3 TR ARV TR, HRAE
fmfsE . ot . WS REMERN TR EANTLER, RN ZERA T L7 21T
THEAAE _ERRAL .

DOI: 10.12677/ag.2017.76088 859 HOBRBL2ERT


https://doi.org/10.12677/ag.2017.76088

BN %

2.4. REFEREURR

N TR, fE SR ARV GEAE 7y GORHFIE h 51N 2 IR 53, R A R B R ik S LA
A e HUSE. LRI AE RS R TN i &, RO e st EEH R . ZHE
THERMEAETE, THAR R S s URIAE, B x) =x,, T T n OISR 7T g Wi E—k
ST xR b 2T R 2 B R T A

FEVSERAL L, AR R N AMEA AT ATEA A7, WIRIMREESMEIR T . N1E
0 HEER B SMEIAHEAIE A, B bR R (S ARG 2R bR B S 9 TR v 73 3R
ISR T A B TR ER, AT AT DA 5 AR H . AR AR S MO 55732647 1 R AL AL B,
B H b R A 5 4 R, NITTAE AR IA AR T SRR 02 ROt R gAMb, ARZpE iz £ v
FEAMEIA o SMEIAERIRS IR 25 22 B(T799) 0 HER T AT, B KB Pl AR 2 VAR Xz v
SO A B S PTER AR, BT ER AR M g e, SR A R R AR S AR U
[l 70 9 R REAT T . WA SE R A SRS B, BB DUL4ERe D HE L . D2k I/ AR R U
s AR IEAAERAR T R (T95/T255) FHEAT, KA 12 /N SR FCRZS LI ML AT VAL A 1)
LA PR AR T 5 H AR R B BERE s B/ IMUE SRR SEHI R BT . i R IEIMIR R TO5 f3%
FRBEHS L 7 9 T255 IS AR A AU AL B, DU IEAR I R 21].

SR BRI 4EAR 73 R4 ) 3 Za 500 TRALHE

F—: WRRESEZENES AR ZIL, BAXPUERARED] T —MEE R 2 R E I
o AR SO PUL F B 6, RN S E SR W EE, [EERNE, £
I e T SRR EAT DL B R e, ks A8 B /I IR iR 2 X B T R

Fob: AR R B ORI R A ) D) e P A B R AN D) 28 PRI 517 AL 4120 RO
R LTI R THEH 0T Hessian FEFEAOARFIE [ R, JFHI T8 T R A Z ISR PUAL B . ZAF
AP TS TR Z VT Z RIS iR E A SR E .

F=0 BUBTR BRI, DA B AR IR o T R R ORI S SR 2 X U £ 22 A fi
FENLINEE e v, 23 W i AL SR AR ORI e kv Al o TSRS PR A=, 19 A T %
AL 3T RAOMR MG . BB e R B BHARAE 2T — B (0 F R B IF et

FOD: fEREE PR, BRI EM B RS, $T58 ZIREE R METH S

B LRGP TR E S RE R W B, HRATE AR, THE A
WF RS Wi 2 [ ZE (AR RAT T KON SRS i 2, HT2En.

3. REANFELE{ESE
3.1. DERSGUWNBIERHE

HAr, EWsMSEuts] 7 & T, fis M ERESEF6 KR RSN RS, KB 7 EERRRR
AL FELEAUIN, Alb S5 HUE R AR S I AL A A 1O E B S A O I (4] [5]. AR T
T AT R BA, T R AR R 0% £ 4L B re I TR 72 [ 23 3 ) SR S I B ket . L B il
IMEA, A e 4 L 4 2R o6 H i 3 B0 R OO B , P DAE R SRR I B BRI
SR U A 1) R RO B R B R JS, H RTEE BRI 4EAR 43[R R Girh D4 S Bl 1 0434 g
KRAWBEHEA(SCTAMACHY ;  Scanning Imaging Absorption spectrometer for Atmospheric Cartography) &
A B RV [FfL . SCTAMACHY RE[RIIN HEAT R 2 AL = Mg o =ORI, e/ 8
AR TE 73 A7 T2 40 A] WO AL LA B 2D A0 X35, AT R B 3 22 R AU U R R R A 25 1)

DOI: 10.12677/ag.2017.76088 860 HOBRBL2ERT


https://doi.org/10.12677/ag.2017.76088

BN

S, Be AT R (KRS B 10]. A Rk 102 5 T 22 40 6 E IO 1E 77 25 (DOAS) S 35 1
SCIAMACHY RAASM ST, 2¥FEN 60 kmx 30 km, HIEHXTIRE KL N 2%. DOAS i 7iEAEN
RS 32 S B S e 15 3 KR SR TR B A B RS B, LA AR08 Y R 0 ' 35 ey i R
S TR U 55 5 L R B R A (R A

3.2. WABTREHLER T4

K T ) SOOI B ORL FE A R R S, AR S A A R DY 4R 4y BE k) R R b S E TN
SCIAMACHY LA &SI TR FEAG, B RAUISR A 2 A5G W oel . T ESRS 2.
PR RENINEE, BARMWE 1, £ 2 Fon. TR 2850k} 32 B I 23 Sl i 10 RN 20 M S 26 000 95 kL
ALHEHIACEA Se B I 5 A/B (AMSU-A/B). U 48 FE ZR A (MHS) R AMAE I 4 T (HIRS-4).
T PRk EAG TV SR BRI, B AT T2 B9 X i b R T ) S R R AN AT Rl . T T
BRI TR, BT FEA R B AR A R, TR X g3, Bl M AN UK T 46 F LTS %
SCIAMACHY A %8 7F 5 26 5 R b ki X DA s 75 A R 0, AT 408 e A2 1 a2 XSl 00 00 s /> i LA
—EAEA . FEARSLIG IR R TR BE 2012 45 2 A 1 H 00 If 3 2012 3 H 10 H 128, W2 H 1 H
00 i FFUATE P 4EAR 53 R AL R GE P 51N TR SLE, DR R RTSR I B A S48 43 B 37 0 B S8 00 )
Z A — AR, el — B R BUS 2012 45 2 A 20 H 00 B 1 RS Rk AT 2047

M 1 s, B R R A TR ARSI, e R R IEINT H RTRk Hh b TR AR S
NI L 28 (B0, A PR SR B R B R A e e I8 AR SR I TR R v, [ A U
AR in i B T 38 3o L AR R I Ak BE SR R R B8 B o R o i DR 37 S S W I B8 ) 5 N8 o
FOOIAE BAEAN 73R E S “B X, R SN R PR e, BN T S sk
LRI — B0, M A7 JE SR AS B [m Ak B LI BE 05 1 [F) 4k, TG 20 M 37 AR AE DUk 5 e A2 2
(55 I CRATLARFTIAHE),  PR A [ A A B 3 i T LT 84k, BT AN TE A IR

Table 1. Impact of satellite ozone data assimilation on the number on two kinds of conventional observations which are as-

similated
%= 1. DERSIVNER RIS E I ZR R E8520
MR N -
B AR EE BERHEE
ARERE 81,601 79.876
FLRE 81,641 79,894

Table 2. Screening results of all kinds of observation used in the global 4D-Var system (statistics of 12-hour long assimila-
tion window at 00 UTC on February 20, 2012)

2. METHEMLRG PN T ERFERER2012 4 02 B 20 H 00 B 12 MR E OB E)

PRI Bt WHE BRI E FIFZ(%)
SYNOP 2,242,813 81,641 3.64%
AIREP 121,700 59,538 48.92%
TEMP 391,149 79,894 20.43%
PILOT 45,960 14,818 32.24%

RADIANCE 14,274,400 542,520 3.80%

OZONE 35,511 32,522 91.58%

& i 17,111,533 810,933 4.74%
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Figure 1. Analysis Fields of Total Column Ozone (TCO) for the Northern Hemisphere at 00 UTC on February 20, 2012. The
left picture shows TCO distribution without assimilation of SCTAMACHY ozone observations, while the right one shows the
results by assimilating ozone data.
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Figure 2. Analysis Fields of Total Column ozone for the Southern Hemisphere at 00 UTC on February 20, 2012. The
difference of left and right graphs are same as in Figure 1.
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Figure 3. 24 hours Forecast Fields of Total Column ozone for the Southern Hemisphere from 00 UTC on February 20, 2012.
The difference of left and right graphs are same as in Figure 1.

3.2012 42 A 20 H 00 BRI RE SRS 2 24 DR TIRIAXLL(EGEIEFRSE 1 244

TCO without Assimilation of 048h fsct from 2012022000 TCO without Assimilation of 048h fsct from 2012022000

0.01
0.0095
0.009
0.0085
0.008
0.0075
0.007
0.0065
0.006
0.0055
0.005

Figure 4. 48 hours Forecast Fields of Total Column ozone for the Southern Hemisphere from 00 UTC on February 20, 2012.
The difference of left and right graphs are same as in Figure 1.
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Table 3. Comparison of monthly average anomaly correlation coefficient (ACC) for ten-day global forecast fields of 500
hPa geopotential height in February 2012.
% 3.2012 4 2 A 500 hPa (U B EE 10 XKIIRA A FHBEFHEXE

I ]
P EA S

NoO3DA  0.993 0.979 0.953 0.910 0.851 0.781 0.709 0.626 0.558 0.488
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24h 48 h 72h 96 h 120 h 144 h 168 h 192 h 216 h 240 h

O3DA 0.994 0.980 0.957 0.917 0.860 0.788 0.718 0.638 0.585 0.533

NoO3DA  0.988 0.965 0.924 0.867 0.789 0.696 0.595 0.479 0.387 0.287
O3DA 0.990 0.970 0.935 0.881 0.810 0.704 0.602 0.494 0.369 0.288

Table 4. Comparison of root-mean-square error (RMSE) for ten-day global forecast fields of 500 hPa geopotential height in

February 2012.
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