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HHMEAAOHL S >RELE
ARETZRA

2@y’ ®RIW' MK A

'PREERBHEERDL
‘EVERABARHBHREAM

(PERBA+TAE+—HA+NABER: FERBENA+AEABLBER)

" =

B W (adjoint method) EHMIZ A KRR UL T TRENBELNE - Fil2
MRS FLUDDAORNARER L - HEFARSER  RIFWAARENBI AT
BET  FEEAITN—ANRZHMATEXR - AREVEONE © A —SKEXf08
HMEpemEs o e — A5 (ADVAR) AR - — R X ERE SN THLE
WBPREES - H— RAARATAERBKAEDEY 34— QIRERMAARBEK
A IEYT SRR (Tangent Linear Mode AYBEZ NP B -

A —E Rossby-Hauwi tz S ISR YT EE  SAERE IS ER L BRI
HWEBM—HEROEREESZ +HRERD  SSHRBREVAER TR —F@EILENER
(twin-experiment) - FrRAYR A H B (cost function)EH B AWMV BIBERS 36 /MBS
BEMENES - MREFHBEPHERBHRRIEMRES AR > BETEHRARAEEER
REBEEECHEIMNE  THEEREEERNEREVAVERBRL - H2  ENA—

BESENRES S uscale =1 vscale =1, ®Oscale =5x107° ) » BENERER
BEHEMAEREMEE -FRYNYBES - 5—EANBVE  ABFTERBENE

BEABEFANCHEESREN  EGERREENERTIRERE - S —-HHEXR
BREEENHEFECAZTRARBFEFORE  HRGERANEBNERLRES -

PREEAA « tRRER S - IEUIRMEER - LEHRER - IRAEE
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R B8 B 3R (adjoint method) ER R LA R R A2 B (Daley,1991) » 53 51X
Marchuck(1974)F0 Lions(1971)B A% - Marchuck FIA L EREH R BEEANHBEE
(sensitivity)RJRE 5 M Lions RIBZRAMERER EBEEMEN » H—EMI>RENS - &
ZULLE R ERENREYRE - RS ERXHERC AR — HERBHITPH
HREHEEH  BREZ EREMEBER B TROKRRENAEENHRBMEE —
EERENGER  EABZLEBRBLOZFMENNEE  KINBEMENARXES
Cacuci(1981) ~ Hall et al.(1982) * Errico and Vukicevic(1992)% ; fo$ 3% 4044 e A9 RE
B R4 Farrel(1982) ~ Branstator(1985a,b) * Borges and Hartmann(1992)#1 Borges
and Sardeshmukh(1995)% - & RN AN 7 XA F] AR EKBEKE LeDimet and
Talagrand(1986) » Talagrand and Courtier(1987)F1Zou et al.(1992) -

B RN ESERITEE  MEFERKERA KR - GEBEMEEYR mE
REBUBR—BRHNERS  HFEMEATEHEENEEY  JFAEANMERIFIEAZRAR
F?EAREMLSTRARESENOME - BEERERNES  RATRNMAHE
ZHCARME M EBELENES » GFHNERBE (A Kontarev(1980) * LeDimet
and Talagrand(1986) * Talagrand and Courtier(1987)% )Frid HeYMATEE gk » (1S
Al #% Talagrand(1991)FRER B A I » BT EYIR MM A (tangent linear model )&
WEERS EEGERMEEBCRBEERY N HIMHPHE FEHR0 145
HAN R EKNEAAS - F% Errico and Vukicevic(1992)%1 Zou et al.(1993)ZFr
HEANGYE  FCRKEALKEY T ERKEFHERS -

EHSREMET ABERE —EHEEOEE - FHZENR mERATERNER
g x=(un®) i=(and)  EET REMAORGEE KX
J= (x—%)7%/ 20988 R 7 EIBEE - BB EUUR S ERORZEOBE  TeRE
RAIS B R EEHEGELHES RS — -

HRERERNERERFAEFRARNEE B TEAESRETFHRE RREERTE
REHROEBTENME AREEHFEEMNEEEF RAE FRBBREK  BEIF
RES—2MENGHE A HENERARNRAEBEBKRNERTET KGRI —
B MR E GREFIERS ARRAOKERKTEHEUNEBN RN A -
EWD RPN GHEEF BARWMERSGESAR VHRAGATNRERGERIEE T &
HERNHE HE > HESKAEB(Green™s function)# R o 783K 2 BB R RE R - £
PERMENRH KT B (Lagrange multiplier) » HMBEMNBREEMN - ARERBPH4
BEFRARLEERNNGR KEEHFERAE LR MBESEE LNEERE - Ltz
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SRR 00 R A2 1 5 76 58 — W R R -

ERSEREAITT RAGHEEFHERSZHBEY  NRUEFHBRB(Z#LE
MM L —RERFR) B - AR ZRNEE - TEFSNYERERT KRR ARG %
RENREMEE » UREBEMKNVRAE R (cost function)—ZEF » LHEWEH TR
Bt MEREERWENME  BRAAEREANERERXYERNEME 73 —HEL
BMELNBRAERAZEEGRE - EREFRE ST ENES » KIURERH 69852 R EE
(unconstrained optimization problems)®RA S » MIR&HI M REIKE (constrained
optimization problems) ¥ & #i bl SR & 69 B 5> RIRA KA - M0 HME L BUEE K ER B BiE
PR RA—ERRENRIESEN  FLUERRSBoYELRE —ERIFNE
i A KRR B AR EE R E BRI R ECORMEL -

FE=EF > BPERA S KAERERMERITEFMBE GRS EY
HEFHHNEFERA - BENEEGERAN TR ERSEASEARBAES 5 R4
R EEANER 4 HFrEER o pEEEXOR AR —BRELENEVRERESR
BAFAERERG RPBEERX LNEENRRBBE D - RENE G 3083 R ETD
BEMELRE » A —HWEEEE (conjugate gradient method) K KEVE > fE » HE T
FEAERMREIEEACNNE BAMKREROTERGCHEERFNESR -

Z o HREREEMERE&EEL

(BRMERBPEHREET

HREEFREXESERB PO EROT ¢
(Lx , yy=(x , Ly) (1

HPLEBRBERETF  xMy2HRTHRE ( , ) ZRAR - (DANEERXWTHARER
BLEEREERMNy ARNAR > SR x AR UHy BHRCAR (T2EE 1) - B85
Z #@x Ly, (x , LUy) EARMA - M x QB LoEREREE B 2R BB BEY
TE—@EY > TRE UrpEEEE AR MIEALBES (x|, Ly) ARERSR B
Rz (Lx , y) AR - 18 LR L NHMET  EHKEMS > LE « RER
FNARGE HREFPEAMSERTERNBE - EARSATRAEEFNRERKER

MR BEREEEOREWE  EESKUNEFEH THORERE - EREHMBHRE  £%
HEMAANCHRE—RTER > AUREFRERYIZYENEHE - 4 xyafBR—7

BEXES EF—MESARAXERRE TRHYRREEEXPRLZEELRE
(Branstator,1985b ~ Zhang,1988 1 Borges and Hartmann,1992) - 78 BT8R 3THY 22T &%
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LX

——‘Y

<LX,Y >

A B

B 1 EETERTEE  FORFAFLEANX -

BB R EHE  BEM - ERWARSTHSE EETAHBRRAMERNVERK &
HEE T FAAERE T EREEHOER IR REMERFREL NESIHEE
FROMEAFIA -

(DB

E/NEiFT B EAER RO B FEN RN RS TR AR BHER K+
ZfF > HEREBRIT

WRE—®HREMTF
Lx = f (2)

HbPLERWMHAET x %Ei&ﬁﬁ&ﬁﬁk‘ﬂﬁ’ﬁﬁ!’ f 2 HEPHIEHEE(inhomogeneous term)
REBEMHEFIH (forcing term) - HWBRHE —RHEB G EAE » NHM Lx fFE8 B LM AK
ERK

jGLxdn (3)

170 38 B 22 R 9 P A J'() dQ R E BRI SR ERE R < E B 2/

(BRI ZERRARIRE T ] RS2 R A8 B ok — 5 & B3 - B O) R E 4 845>
&E

J'GLde= Gx|pe + IL'Gde (4)

Ho B.CRAAGS - MBEFE—SEHK > 4 U'G= 6 (MGHBL '6kB) - JI
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[ LGxda = [ 6xda =x
XBH Gx| oo B—HYENE  SHLELRTRAS > MLTE

x = [GLxda = [ Gfda
A RE AR H RN —EE R RS TN BRI A MR
BRI E RS 0 IR R S SR —RAE - 53 MR A 0 7 TR R e A 1

T FrELREMRIL(trivial solution) IRIRERE)  REEYHEMED » HKEWR
AR PIHERARRE » MHERESHIFEAERN WL TROKE - TTRD AP

Iny do = yx|,c + J.L'yx dQ (5)

BEARETESR  7£(ORTPURKERCISLRY y » BEAETH0RE2EY -
AR EBRE - Lo E 2R yx| EE -
(DDBAIREIIHNERLE

MRHFLEFERBEFEAT

- = = F 6
rY n(x) (6)

HobnBHFEUHET  xRBBAHAERNTHR  RTEERARTFREIRFGET  #&
iR EBREARE - Rx= X+ x'» Ho X' REHE TXR-SFBH: IRF
RREBE AT H A - BB ROR ELB C BRIE - FOULHE n(x) 8 Tay lor SR BURSE -
g

n(x) = n(x) + —aﬂlx’ + O(x'?)
ox

RRERRE - M6OATRE

éf..}. éi:n(i)-}-éﬂ@x’:?-}-f
ot ot ox
x Ix _ n(x)=F - G
ot ‘

ox’ _ ﬁn(i)x, .
at ox
(MR FR—HBHEFAE - LABRXEBERIEYHM A (tangent linear model)¥IF ¥ Fr

A BRE T EIAFRER o”;(xi) ERKEOAEE > R—RHKEHK - L30T A%

(7a)
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HEF LRIMA > MER :
5;' = X,= Lx’ = f (7b)

RS REAIMTT  FRRBENZEBERRRAEE  BS  BRRAKOESHHK
JEBRR

t{
J= 2|7 xat
2 jlo

Hoph t, RYARR > ¢, RS THRHM - HEBRR x MIxERRNRALCTHS ENEREE

MIKE J 2B/ NREBAER - BRENSE > #RREEA SA T RARN AR ERE LUK
B/NMERS -

RAHHARNAERFRAOEYE - DIH 286 : Bl 22TF > FHWNOOEEE
RORERCMERE HOERERE - VHEERAHRIRRRE  MERKE—HE
R RO BME - B 20 SURNEERI WA E RS  BhERR-HREAYE BERRN
BRACHNRE - 10 A AR 2 — AR BV BAC A ED » P 8RR AR 2 B B XE 28 175 38 T 16k i A P SR O 4 4%
B R AT S R AR B AR B RER R R BB & B ARG 7 B 2¢ R
RHERSBENEKDER B RRRTRAEAIG AR R IA—AHER

JA é JA b

/ B2 SERRNRAERES -
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(HEPHERBEFR)  fIRZREEHRTERERERINMBERR  FAtH BB ERIE
et 171:5) LA

FRE 22 AABRE > AIRAEBATERMNT ¢

t .,
J= gl [ xT@-x ) de (8)

t .
oo I,’ XT(f -~ X' )dt BRI PRSI HERERLEH A REFMBEGZEGET
0

R JZW(E : Tix, RAKRE » SBRMAEEE (adjoint variables) » B TREBE

B phE o FTERAREGESG < RELME(Arora,1989) - ¥ EXEFABMAPEHITZ
x.Tx  INER S S W 1B

J= -%— x'(t,) - x"x’

t t
f S T =T
it Lo (x,'f +x."'x')dt

M J BB ST » MR Ox B ® » BAETH J ¥ xS — B EAEME ¢ Bl

5J = ﬂ—é‘x’
ax’

KA - AR

t
§J=x"T(t,)ox - x:Té'x’:f +.[ s (x;T—a—f—+i&’.T ) Sx' dt
0 t, ox’
‘ of )
=[x"T(t,)-x"(t)] 6x’ + x.7(t,) Sx’ + j P T Z=+x" ) 6x’ dt
L, ox’
BH J 2 BHEEER > 6J=0 -
mRx (1,)5x' >0 §16J = 0 LEMMERS
x,(t;)= x'(t;) (10a)
x,-Lx/ =0 (10b)
. of\"
(2
sk ox’

(10b,c) X BEEFE 7248 » 3 Euler-Lagrange A - H(OHA T EL x| B Y J BREGKR
BB E > A AT (10a, D) A () FIEE] »

5]

E;=x-(to)

» BEIBA(10a) 2UE SO MG R 88 (100) 20 > BB ATRR LAY x (¢,) TR R A B BB
B iRt x, RENG AR JHEE  EHRY T SM4RE R AR BSURERN
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PERSEE S LR REN ERERE AR - B REFETRENKE
Mo KRB FREMEZSRERBPIABESENENDRN)  TEEARREREN
PR& - a0t > I A EREERZET > MABEERELEE,10 ) RBEEHE - BHE
ERSEREASTS > RERENRBEERBIGRG < RELEE - #EZ ) @) AP #

%1 77 FLAR FT BRI RO {8 (0 5 - 1S FLBR & B ORR AR B BAIRIIR T - Mo £ AR AT 45 KA PRl B £
LRI R E B MR R E LA EHBRE

1. BERERMUGHERS  BEREITEHESS -

2. FiBRNHEEBEEIERM (highlynonlinear)¥ » RHERAEHH2H AEEH
FRIER D R A0E MR R -

3. EBERAEBEAERE BB ERBEMSBMAKRENFRIER M8 —B
BRI RO R BT LE S B 0 SERRETE AR -

4. FREIE (R B {0 R RE W g R i — AE A BUE R B A SRR BB 1 2 B fE (L A -

5. HERB)ALEFKERHRAHKF B (Hildebrand, 1965) i £ — %7 8 #E PR &1 8 4 /7
2 BEMEERERSBENBR P RFREAHEGNE R B2 —ERS &
% AEFMAR IR  SERARLLAT R ZEN R EEF/HAF -

6. FHBAATT v B A A X i 2 L e R 0 AR RITA 22 404 X 3R ST L A4 il 4
718 RIFE SR RE U 2 44 B AR R0 IR 4% S B = R A AR AR T BR R » BRAR AN e 12
AR BN HERTREREREGREFEER -

B g » -4 B2 MR 2B Arora(198NBh o Him » B BRI B OXRAREH
0 Talagrand(1991) » Errico(1992) » Navon et al.(1992) > Zou et al.(1993)F AFii&
e ERARAEESTEREABEEHEEEREARMT -

Hh EEEBNRFIHBA :
L
JIx(1,)]= %t_zt [x()-X() 1T x W) x [x()-X() ] (1)

H VREERE - fEANE I FANmE R - SREB AT A HERGEE
Pt A8 1 RO BR A6k 4 (R (8) LR BRY) ﬁ‘ﬁFﬂZfﬁlﬂiI < TR AE BUE RS> o R ] ] R 2 B BT 9k

HEN - 54 RATEBERAHUTRIHRE ) FERNEE - REBODHRETF
BEH X(4,)N—FEEY O WG

T [x(t)1= {VJ [x(8,)1} " x'(t,) (12)

T (11)RAEFRHBD (O
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i
J'[x(1,)]= lzl: {W(@®) [x()-x(1) 1} x'(1)

H(7b) » £ B x' M BRETRREEEBREFER
xX'(O)=P,(t-an)x'(1-At)
=P,(t-At)P,(t-2A1)x'(t - 2A1)
[ ]
[ ]

= P() x’'(1,)
s
t=1t,+niNt
P(t—irf)=[ 1+ A L(t—iAf) ], i=12, .n
i P(:)Ef[P,.

BAHKXRE 3R - 12X 7

i
(VI [x(t))}" x'(t,) = Zz: WO [x(®)-x()] } P()x'(2,)

H AR

Ji
VI [x(2,)]= IZ; P ()W) [ x(t)-X() ]

MR KR RAENT
x'(,)=PT(t) x'(f)

B x\()= W) [x()-X()] 8TE: x.(t,)=PT()W()[x(1)-x(1)]

RE(15)R > &0

i

i
VI [x(8,)]= l;li(’o)= Y PT(W(D)[x(1) - X(1)]

=,

315

(13)

(14)

(15)

(16)

P P R A B SR U A 22 R E R WA R BOE F R A B B W A — M R R BUE R -

H(14) » (16):XTER G BRI -



316 AR BT REE=E
(x.(0), x(0))= (x.(), P()X'(t,))
= (PT(O)x,(1), x'(8,) ) = (xi(t) , x'(8,))

MEMFEETESA -
B2 ERRS > AURAEBAI(11)20) o] i Lk

i
J[x(t,)]= {;gf[x(t) =X(O]F x W) x [x()-X()] .

= L Ix(e))-x@ 1T x W(t,) x [x(1,)-X(,)]

HHEUIABBEEBI(15)) 8

!

VJ [x(8,)]= tzt:x:(t)= PT(t,)x W(t,) x[x(t,)-X(t,)]= x.(t,)

=tr
ET—fid BERA—EBKARBET 253 AR ENBEE S REBEREER -
BERR RANAEESEEREB I ARET 2P P RIEREBIE A -
HEORSEPHAP MERMEBENMRA SERB (DR ZHEE FRS KRR BT
ABRERBFHENFENERERERR TEEBIEFIZHAREFESEARNBTEE
BRGAEERE - A SEREIEIERR S E R A B B - 588 5 7Y R R 5 5 % R 0 1 14 9 RY
R B7ERBR Y HBERE R AKNER Y RS 3% UUBIE A 3 KIR R4 RE/LRERN
B

= BAKHERBER

A EE A —E SR 7 R AR AT A Bl B R 20 Y P AT R B A T R T R R L
BKEREERA - FIFIAZB8KARNT -

ﬂ+uﬂ+vﬂ+fu+-a—(b=0
ot ox OJy oy

ﬁ¢+uﬁ¢+vﬁ¢+¢(ﬁu

—+
ot ox oy ox

2 o
dy

BARA CHREL AR BN LEEFARENMERIER (filtered leap frog time
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R® RER M M 7

integration scheme) /KFHFE AR 45000 2 H » FIbA 20000 A H o K HEHEREH 96x96
B BFROROEE 600 B - BAEE 2000 AR (M Zou et al.,1992) - HE/KEAWIEYIHR

HHEABMT -
HR R KT IERERM6)
p
_uzii_v.a_"_+f —
ox Oy
i " ov 0
E’J X= y > n= ”2 = —u_l—v_l—fu___
ox Oy
) n,
oo o
\ Ix oy

od )
ox
od
Jy
ou Ov
ox " ay)

Bu=uw+u,v=v+v, 0=0+0  FANRX  WEIBKFRIENSEEFERS

(On, On, On,)
u Ju v o0
O\, |_| 9n,0n, 0m,
ot ou v 0O
7| ony on, on,
\Ou v 90)
RER
(_ o om _o o
—+—+V— —-f,
u' ox 0Ox ay oy
a| , ov _é _9J v
—Iv |+ —+ U—+v—+—
ot . ox ox Oy OJy
o0 2 80 2
_—+ __, A ¢_-,
\ Ix dx dy Ay

(—)BATRKERER

HEREFRAEHABOEFRRERA - [

(o6 oa _o om
Ui—+—+v—, ——f,
ox 0Ox oy oy
A= éj+f, 47—0’,—+;7i+iv-,
ox ox dy 0Jy
b — 0 od 7
_+ —_’ T~ ¢—,
\ Ix ox oy Oy

FIRE G AR HFRE R AR R - ARGEEESI R — L8R
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BANRE(FPIDERE-FPREAREM > REANFHESFGEN > BltARETS
) BRANEENSHAEET  URHET CBKARERDT

/ 5 . _ \
I Y N N P Y]

u’ ox Jdy 0Oy Ox & o’
A Do R PR N Sy S 7 A | Il I
at| 17 ox Jx Oy 07,5 .

7 7 _Jd _70 ¢
-, -, —U—-V—
\ ox Jy ox Oyl

PEAOHE BT RA0 Kontarev(1980) » LeDimet and Talagrand(1986) 4 ffifkt -
(DEEZKERES

105 B 18— AR R AR o 1 0SB B TR R T S R O B > TR BRI
WMAETNEENEEEET (N RBEMTTE) - ik Talagrand(1991)8RH » SEMAR
YAtk 2 Bk 5 52 ch i — B GUER A0 F

du’ ou ,ou

ER U = Py =-u I —-u o BE HEREDARRRE
‘e \
° u'(i_lui)
NV U R B (52 )Lt (el ) RNORD S | I
u'(i, j) u(t,J)zAx, e ) u("J)zAx u(l.,,l) '
° u'(i+1,j)
e ) ) .
\ e y
L x’

HELB—HUEETF Mx' B —THERY  E¥ LNESER > JEEEET L IR
HEZR G
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( ° h
( [ ] \ [ ] ( [ \
‘ 7, ), y
a(i-1,j) —_ .)ZM(. - ul(i-1,j)
e u(@+l,j)-u@-1,y . .
u, (i, = - , ' (i,

Ha! !). e u, (@i, j)
w.(i+1,j) 1 u,(i+1,j)
o —E(',J)zx—, o
\ o / ° \ ° y,

\ ° /
LT X,

BEEF > T RBLRE S R R () RS TR  7EASIE R A B S R
srai-1, ) i, )) » a,(i+1, ))EEM » SOTARBIES A ES 1 2R e PR
B - AXFHNBKAEEANENEFHIRLEEEGY  ARERR CHEBEARTB/ IR
B HBAREREWNN > REAERAKS -

FERETTHNELFNRS  RFEMEORIB AL ERHE » Talagrand and
Courtier(1987) @ BEHBRM B ARE > Pt FIAAEFRBRE > BP0 HR R
e REROT » E8EEANR AR

x'()= x'(0)+ AtF(x'(0))

X'(0)= x'(0)

X(p+D)= x'(p-1)+2AtF(x'(0)) , p>1
x'(p)= x'(p)*+ a(x'(p+1)-2x'(p)+ X'(p-1))

Hep(C)"RFARBRZME > o BERRRS Y > p ZFFRHEE - HPEEXIRI AT
R x(p-1)=0

x!(k)=(1-2a+2aAtF] )X!(k) +2AtF] x'(k+1)

X, (k-D)=2aXx;(k)+x(k+1), k=p-1, .1

x,(0)= X[(0)+ x[(1) + AtFyx;()

R IER R SRR A S BAERRM LRSS HZE - N5 HERXBRNFARS O
K @22 R B T BRI 5E 2 — B - RAZE MR RT LNt R B AR R iR E
(HXFREABEHEES - HBRANASREIEREENAR S » Wk—% » BHERK
BEFERNEN ERLER REEKEREANHERORGE RSRAR LERY
HRERAS UL REERILEHE  EAEGHMEERAZ M (Fourien) BFAEXR
AR S - HEMGERERE THRBEMFMR B KEERE » BEALEMEKN -
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“BBREARAZHENE S ENE

()RR

BRANBRERNEZ T EAXRBRI RS - FRNBHEER (forcing) HRXAIKIE -
DRBRARRE  FRAXEGERHEAR D ARABRE T UREA 20 - IREBE ZMad
AT AD FDAA R P A4 R R BOE R A R BB BRI AT SR M E R BUR B & IR ((9) 0 (15)
X)) o BWAEKE N RBETENRERHECERN > ERFAGEBBRESERCRFAR - £
MR ZY) B —EF VAR FER B KRR B AR AR A -
DBHXET - it REGEBRSEDSMA—ERERFILE 1059%S) - ARBRER
BEMETE - D xRor - ERERBENESSENGEE x  RAFEREEARARDTE
BEERE - ARBAXERFR > AL HBAR :

x =X+ x’

X A —f& Rossby—Hauwitz #3% B B HE B 5 2@ S A0 G A5 X (8 3)43%
FIAHBYPI6Y - ERHEEARTZEY T > Rossby—Hauwi tz By 15 B/K HRREIIERMEF BT
BAREFR B PRELE  UIELLRAKFRER/NEE S FESE) » BE RS 7RE
MO B AR R B AR - B E M A ARNLAR M R A - AL 1A 1B 4 BRARSY 36 INF IR - WO X
REEBE-BROERE > MXHEMAEN X ERERARKNGE - HOM0E S A
N TR EEEIEE SMAT A - X BROBEAENEBRARZHERBEYS
ARERYZME - £ > WK RAEHEL

J =4 (x(t,)-%(1,) )W (x(t,)-X(t,)) (18)

BHEMA—HRPZEHAAER R > FEME IR T LIS HTE B 42 BERY 7R 25 0 B i B/ ME -

A 36 /N RS B LA EBRAOME xX'(B 6)REBRRFMEANIH
> AIFIAE =@ h TR E AT A B VR AR R - 1B AR AT (B DA BE (B 8) TR
o R RE R BUE (A3 0 » BURHRAH It X EBY R E AN BURE » RAEZSRHBAE
151 S BER AR FT7ERYALE FEAE TR - bt Bl RS AR A Bk B 46 B AR AR B B B iR
ELae 7 A1 8 > I REREHERANEZRE vEBE L (B 7c ~ @ 8c) - Bl 8c B IFE
ERY —EEEE - T 7c R ERTABERERR  SRRAENFERCHREE
X S5 EFERHAERNGEAR  LATERARGRGVEE RAWGEER
AR ER - ERBEBETREHEI AN HERFERIER A _ENABEBREM -

FEABRMARBNEZSAANMEET B EREER - BREREZFEEF(D
X)) WRBATHBERTHEEESACZ 08N - M- HiEmBREXs9F -
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FINIT DIFF SWM H=2000 tau=000 PHI FIELD FINIT DIFF SWM H=2000 tau=000 URELD

~

¢ /,/'
; - )
/ -~ I \

CONTOUR FROM 18320 TO 19560 BY 60.00 CONTOUR FROM -3 TO 3 BY 0.20

FINIT DIFF SWM H=2000 tau=000 V FIELD

|

B 3 AKX ZGE - () RE
B5 O EEHMIE 60m’s™ - (b)
RREHRE v FEBHES

0.2m/s - (c)RMILEAL v » =
EARMIEER 0.2m/s »

CONTOUR FROM -3 TO 3 BY 0.20

R PR RS S IBTE - SEEDA RS M AR LT - IR B
(DR AERRRS - F505 MR EEEREAN  SMCMELR  BRTARN
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ABSTRACT

Adjoint method has been widely applied to solve four dimensional (space-time)
meteorological optimization problems, especially on researches of the so-called 4-dimensional
variational (4DDA) data assimilations. Its basic concept on the exchanges between the original
operator and its adjoint of a given set of governing equations, both of which are bounded by a
predefined inner-product norm. In this study, a shallow water model (SWM) was employed to
illustrate the derivation of its adjoint model, and the process to tackle a simple 4DVAR problem,
Two approaches have been adopted in constructing the adjoint model: One is analytically derived
from the SW equations, and the other is directly formulated form the numerical schemes of the
SWM’s Tangent Linear Model(TLM).

We performed a so-called “twin-experiment” with the evolution of a single Rossby-Hauwitz

wave as the controlled fields, and a small patch of random fluctuation (10% of total amplitude) in
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geopotential height field as the perturbation. The cost function to be minimized is defined as the
square of model variable difference in the final time of 36-hour integration. Without any scaling
on different variables of the cost function, the adjustment mainly emphasized on the correction of
the final geopotential height field, which pointed to a sensitivity in the initial wind field rather
than the height field itself. With a more proper set of scaling factors (e.g.

uscale =1, vscale =1, ®scale =5x107° ), a whole adjustment on the final total fields can be
achieved, which requires more corrections in the initial velocity field. It is noted that the
analytical approach in deriving an adjoint model has to deal with the boundary conditions
carefully, and is much more difficult in a real-world operation. On the other hand, the numerical
approach not only has no such a concern on boundary conditions, but it is also easy to construct

and therefore to maintain.

Key words: Adjoint model, Tangent linear model, Twin experiment, Cost function,



