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ARG EHEAAF RO ERT EARZRS o
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R R ERERF TN EERTS — c FHTEEN
AR THEE PR BT BRI - R E R
BEAREEYE  THBEANSERCRBEEYST
B {HUNACED o T R UTE ) S L 6
RN FRELR » BEAKDPHERIASE
AP eddies 5 A TR » T Wi oh eddies fER Y
— BB {78905 SR BB IR0 W gher order moment
ROFT KT B A R R B ERBRA AR R
HIFE RS R -
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PR SAT transient Fll standing 89234768 B A TEASAE
WHHEERTHN TR EEEE- -SSR o a0
AERERMER SRR BB EBIRH
HAE A © R S TR AR encrgctics
4147 ( Lorenz, 1955; Blackmon et al., 1977), A% ZH 72
FIRWEETZEH TH » R EF &M EE BT
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5 K SR U89 B B 448 o 5 Charney » Fujortoft »
von Neumnann (1950) 55— R {EHEEXEEBZ &
BER ATASM A 7 R AR o W ETRRE R H
BB XS EANREZ % - VIREBRET
e (error checking ~ OBJ ~ 741k ) BLRCK 84 2 Bt
\|RE(RERD BT T HESERE
A FE R AU RN EZRAENEE AN A
PR RRAYSE R B BRGD > sH 1S THIRRS RANER R AT 2 ]
E—REREHA W THEBRM R ERAR » I
RIESESECEN 2 TR Z— o
BB E AR 2 9E » SE 40 Chen (1089) Ehig 3
A1 53 4740 Divergent flow » Hoifl B FER A0V R 1 o
Wallace £ (1983} #] Ff ECMWF TR R B 20 7E envelope iy
BE R TR RSB o Bettge (1983) [k
BNMC R ECMWF /I {F S 4 TR SR 75 A/ B2 53 1
P FERPRAEORAYNFELC LB L > ie £F
AR P /7 TR S BE LB R IR 72 » IRIBHTANIE I g AL =%
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et al. (1980) t1 i ECMWF 1 GFDL #8#% 48 5 Lo 85 sys-
tematic errors » AW BRAZFERERBFEZ2HML
HE FEBIARESHAINIEE « RBEH S
Mo RYEETEHPRE - BERFRBTH B
FEEEBSY o MBS S SRR ET Y
fiE > B EERBRRERN KT R ERER LW
RFER I » Wang et al. (1993)H0 B F#HE 47 T Ut
BERBYER 2 - HIk > A STUARRIH R » REHH
S transient eddies £7 89 B T AR A AEE T HIRY
R2E o

A B FCEN o1 ¥ o RR F R 2 BRI IR 0 1991
FARLTACHEEE  BREREN IO - K
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B W ERRL A RRRREBERHREGEHET
BT R ATRE R B AR 3 RS A AN BRI RY
EEEEAMZER B OO REAEREHEN
AR EHERRHERKE B =GiRER M
TP R AR AR R RAE B - BN RST
R R R IEHT TERY R o

= BHRBREA T &
21 BEEIRIR

AEANESRAPRERFERFRR 1991
F—BFH A7 EHEEEE24 ~ 48 ~ 72/NFFmodel out-
_put data » BEEETSE BRI ERE » BAKIHR
DIFed M EE ~ B ~ KRG (B REm ~
JermaE)E » HPRT2/0EFE 12— ER N, 5
B =R 00Z ~ 12Z WA o FE LS ATHEAR 55 2.5%2.5
BE > T E LAAC AR SRS = B AT ) L 3T 144 A BE
RERMREARKERZATRTEELR
» AL ERWEE AR BT E Y54 (850 » 700
» 500 » 300 » 200 nb) BT ZHERTRIEAEHS - FELISY
Pl B SRR ERRE MR o
PREJIERERREN > E-EEERF LB
B B U potential enstrophy conservation
scheme Fr H {45 M ( Liou, et al., 1989) o
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B 24 HR, 48 HR, F1 72 HR FHBHE R ) o SHE @ E
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H~BAFRRSRERENMEE - KRB - RER
mE B PR R H 0 1 B L Wang et al. (1993) 53
WG SR ST A8 SR LR 3 o A B B
H i th 2 RISk Rk o

22b BEERZSF

BERENAKAAEREETGEAEEEER
REFTENEREYBE » REFHBHET eddiesty 4
R  MEMIFNEERERREEESRRAR
VREE o BT HFRMEITEAR RS 251%
FR R ARk 4 2 18 BT ~ IV 1 transient eddies 89 heat
flux (+'T") B momentum flux (uv') o £ 5T &R
e time filtered BifE » 0 #§{E {7 8 By 43 f mean ~ eddy
part + Flfl w= @+ v > FEHL—EBRTHEZ
BRESNHEBRBNFNTYEETEENEAR
R (We = 0) AEBBZBFIGRENE - T
EEETLTREBZ | o

wr' = wv — "W » VT = oT — oT o

2.2.c  Energy Production

Energy Production | —7- VéRT » #KBIFEHER
BESREY A/ FOIE BE UL T B A6 I S5 AT A8 i BRI
» RULF IR E DR - ARBRERR
SRR - EHARREHVEEFESRE
MMERER » R R AFEA-T- Ve #FR o

22.d ERERFER{EEHR

% Hoskins et al. (1983) » £ = (v2—u? ,— wv'),
5] IRE el 1 52 35 TT 3 HY ed dy B mean flow 32 Bh5E IF R i
B C(Kg, Kp) TJH E R G#HERENBRERTE
Bl C = C(Kp.Ky) = —E-VU o T E vector F 14
TEBHRRPE 25 0 E vector BYEES B M thER R
WS B 77 7] B eddy 48 mean flow i 55 55 i LE
o 1A F vector & cddy 3 BF HLBY variance » covariance
e HIEE R v, o, o, 0T YR E 8122, »
2.2.b4H[E o

W Peixoto and Qort (1074) #E38 » Ei5iE K 58 8y
EHREAEW TR ¢

K,
_7)?‘1 = C(Pu, Kn) + C(Kp, Kut) — DIKa) + B(EK )
(1)

K &
a:E = C(Pg,Kg) — C(Kg, Ky} — D(Kg) + B (Kg)

(2)
Hor M# R mean flow » ERE eddy part o« JFEREEE

MR C(Kp, K ) FEBRE 4T E e M BT



a1y
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a8

o cosd) + ) 2 4 cond((7) + 7

10:55) JL)
a cosdi +a cosqg([‘—”*w* +m) a cos@"
« 04
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0% | o 98 0
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A& = “g—ﬁmﬂ% & %EU

—Dit
— — 12
C = C(Kg,Kp) = v 72
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= (u? - 1:'2)»; + uv'au
oy
EE M = 5(1.:"2 - v?); N = ¥¢ and E vec-
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=C =~ (2M » N} -Vu
=2C =- E-VU= E-(-Va) (3)

R () ~ (2)HH C(Ke, Ku) 8 Kg  Kun B
YEODRBMAR AR  FHEEREENCELHERIE
&> JRED E e gE U BB A m MR - BHOHR
B E#RUZEHEHRRFRIEFEERRRE
fil o BRI CEREZBMREG) RERH T R E 246
I 7E 378 v B B 4B 2 M BORE A C(Kp, ) ASTTRL
FE ¥ il (b il B 2K ©

B4 b F vector BT T vk & o PR 35 5 BERY vari-
ance ~ covariance L i FR BT & » ¥ &9 R M E B
B Hoskins et al.(1983) # H 238 o fil {15 velocity cor-
relation tensor ViV; 4 BE 3975 1 (isotropic) 2 (39 77t
(anisotropic) &R {7 » 1.e.

K 0 M N
V"V5=(0 !\’)+(N —M)
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8 45 1% 29 7 i (isotropic) » 58 RIS S
HEM THS ‘

K = %(?FJran);M: %(W—W);N =
¥ v BV RNEER

eddy shape fEE %Y » Eleddy FitE B EHYE o

EaBiofEEAA s TTEEY > B < ¥

eddy shape tHEHEEE » 0] &R eddy momentum
FEKE S AR BEEE AR » IR REAR
MR E o

DA b 3 140 30 07 ok TIE S B B AR AR 0 IR
Bl 4 A B o o » [ » —(E AR EEAR
B & (velocity tensor) Viv; iR AL A S I 45 RO RS 4 B 55
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flow Z IR ARk o
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EREEE S » EREBEARN T RETREB
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3.2 Energy production

AEHEERTHERERFENRHNEEZRE
ERBEHNFR - BEEHRR - BEAEEMAMER
By RS I AR, AN IREE 0 B RRER YK
TR B LIRS R A TR BN ST - HiLEHY, v, T, ¢
i variance » covariance {5t AT i HARTIMIERF
# o



GRNDLET » BAE BB AR 8L R ]
B HFRARBLT .

a0 . _P.Vo + V.VF

di

¥y K =
BYBE Y generation term o A u =
TERF 238 5T > B E AR R

L(¥*) » V.V® ! pressure work term s i.e.

i+ o lEWA

dt
-V Vo {ElE—ER 5
-V .V¢ = —V-W+ﬂ§,ﬂ+m

K = _Y.ve + V.VF

AR # Lorenz energy cycle, wa 5 7] F (L A5 B BIAE &
i A 15 B Ry M B PE FH TH » F7 Ll ageostrophic energy
production FESE > = # 5 J747 38 B B & B DL B R
HE R B EFIAYS R ¢ Oort and Pexioto (1967) [} tran-
sient term — v . V' {43 transient eddy APE L KE ;2
Hifao

 E2FEERI 4R HRERNEF L, 75 energy
production (—7-V¢) 154 o ¥ EBRBE & pat-
tern FEIBF-4r 50 » MRBANEMEE  CELSLH
oS B i I R AR S B AR e I BL DR @ » R AR
B EN-T Vo BTIEE  REME T FI5%BEN
e B R B B IR 2 RS o i IF SOBIRY BB MY
energy production FEWAE « HEMNEE - 3
B (L) IR EYIREG - B ERERTS BB RS
T b 2 A A R A 7 RSO » BT
SBIREEEIN ~ B8 v ; AR BIBIE
FIA o P B DI RO T AR Y G TR BR B 0
e » 28 IR jet axis JEWETT T B PR B R — A9 B0
{8 o B4 Wang et al. (1984) 1L OSU /i R M 43K B
18 energy production IF £ 53 #i & I ELBE + A BFFRRO#S
RECEEREE - T LR e VAR F o R A Ry
B4 o o BB BHAE 4 BRIB B9 RS - TN
BERDBTRN—H sk BAERMEHNEERRE
EHAEYE o 51200 mb BRI ERE -7 Ve < 0 8
WRRIEH M BEREEL TS FEESE -

3.3, Eddy heat flux transport

[ 3 & — A 850 mb eddy heat flux transport J& 200
mb momentun flux 7 HE o o ¥HHIZR B 3a 45 ~
60° fR e TR B HAR DR » M ERKBIEE
BT RAA RS B R bR > B IE St AT
Vit HH T Bz storm track ATTE + 4SBT 8 U0 Y Bl der 1ok R 4
RAERBMWEERR © 3 HEEH Blackman et
al. {1977), Lau (1978) W R H S 9 M 92 —F o L
K HEAF U pattern BTG S ET B3 R 1 — B AR B
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KA BN heat fux O EE RS T B
PEF SR R AV RERZ M AIA o BB heat flux #95R 25 HE
Hlmodel W RR AR B B I IE B (A v? ) RFEEF
BEERE - HARAATFEERE B RABEERN
BEARAREERNEEBEREANBEERE
HMEAREER RS » BARNE R E H R eddy activity Fl
SEEHSRELRANHAEE -

&l 3¢ #0 3d 2 200 mb BRI FOTHE 2 v'o” 4347 » 1
EMWABROPE AR DR » XEPSHEAH
AN w LR o VR R SRR TR jet
axis 1t 75 8§ Momeniun flux converge o A H &8
B > 200 mb T HEEIE o WHEES > F
BFAE 40 — 45°N Z A v $8-5 » Blackman et al.
(1977) B Lau (1978 » 1979} BT Bijet HEILHFH &
Kl convergenee » ij A% 3L B = o i A A BEFIA P
¥E 30 — 60°N £ u'v’ IE 5 pattern AYFIE IE 3R 5 i 8
Fefl o ISR M e Aa e » RREHEY
AEERYFI, o

34 ESHBMR barotropic energy conversion

F1E3(3) ( from Hoskins et al. (1983))#BH T Esh
BT iR TS SRR 2 IR S R A /NN
Hre] DL ERR R EH R » E4REFHEZEA

BEF—RB ~ 5300 mbZz B a 434 o

— R REFEH ~ KPREREHE EHR @ A
EEFH BT AT W E 5apmhE o MES
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ERAME - BN E R BT B RaERE o )
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R BREEERATENEANEARE
HEIERAER RN » BRI IERIB XS 3 Tigm
BUBEHEELAERE  MEEATEBAISER
B> EWAE BRI I B R A 4 A E B e R
B B RE R A B RS P S B AR MR R I A L
FEREREFHGMAT R ISROBEETERTHEER
B2i iFAHERMRENESR - 258 X
B jet HIE £ #HEBAFTIATRE » lE F g
A ~ barotropic energy conversion BIE{E » FEFEE)
AP EGE -

EHRFLER @« FEAFAAESREBLEEXH,
Sl > B SIS E SEEERES A a2 RER
» FRB[ eddies 8 mean flow & RIBIEE B MEI R EGE o
RN B LUK PR B £ RHATE PR P 18 S B4 1
H-AREMEREAE  BHTE ERFREY
RRETEERS o PhBtobs. PIBMIME R » BB THEY
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# B0 A 80 R RS DR R BHRE » TRAT
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BEPN HE H 4 8 » 510 {52 Wallace and Lau (1985) $IJ.
A time filtered data 8 E|E|6YESRERE RS ©
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A FHE AR RE pattern FHEFIHHEERE
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SRR BE o A28 R ML Wallace and Lau
(1985) By 53471 E pattern » BT 7 ARE B 0y 8 IR B
REXGDEEEARE FMERYE  MFERAER
Pl FR IR EEIR R £ ¥ RI LIRS LR e ey
FIREFEENIER L o AR EHNREBRREG—
{81 » HARERT RS - FREARKER o



HEEARFE(BI - BE - EES)REEER
( T, 77, eddy BIEERY model bias 437 55 R B A9 FR
gzt EREERIPREEFARYEL A
¥ DEEREER VT BREMT » BANEHRE
EWNHSH TR LR EEYRE  AHEESHE
WA G TR ERENESR - ESEEANRERE
FRERATAERANEEY » BRESHUERK
Z PP A L E R RF O » M VIR IRIR LA
HEBERREER I EE o

Arpe, K., and E. Klinker, 1986: Systematic errors of
ECMWF operational forecasting model in middle
latitude. Quart. J. R. Meteor. Soc., 112, 181-202.

Bettge, T.W., 1983: A systematic errors comparison
between the ECMWF and NMC prediction models.
Mon. Wea. Rev., 111, 2385-2389.

Blackman, M.L., J.M. Wallace, N.-C. Lau, and S.L.
Mullen, 1977: An observational study of the North-
ern Hemisphere wintertime circulation, J. Atmos.

Sci., 34, 1040-1053.
Chen, T.-C., and J.C. Alpert, 1990: Systematic Er-

rors in the Annual and Intraseasonal Variations of
the Planetary-Scale Divergent Circulation in NMC
Medium-Range Forecasts. Mon. Wea. Rev., 118,
2607-2623.

Hollingsworth, A., K.Arpe, M. Tiedtke, M. Capaldo
and R.H. Savijarvi, 1980: The performance of a
medium-range forecast model in winter-impact of

physical parameterizations. Mon. Wea. Rev., 108,
1736-1773.

Hoskins, B.J., LN, James, and G.H. White, 1983: The
shape, propagation and mean flow interation of
large scale weather systems. J. Atmos. Sci., 40,
1595-1612.

Lee, Y.-H., and T.-C. Chen, 1986: Structure and En-
ergetics of Standing Eddies in the Winter Northen
Hermisphere Simulated by the NCAR Community
Climate Model and the GLA Climate Model. Mon.
Wea. Rev., 114, 2057-2078.

Lorenz, E.N., 1955. Available potential energy and the

maintainence of the general circulation. Tellus, 7,

157-167.

546

Lau, N.-C., 1978: On the three-dimensional structure of
the observed transient eddy statistics of the North-
ern Hemisphere wintertime circulation. J. Atmos.
Sci., 35, 1800-1923.

Lau, N.-C., 1979: The structure and energetics of tran-
sient disturbance in the Northern Hemisphere win-
tertime circulation. J. Atmos. Sci., 36, 982-995.

Lau, N.-C., 1979: The observed structure of tropospheric
stationary waves and the local balances of vorticity

and heat. J. Atmos. Sci., 36, 996-1016.
Palmer, T.N., G.J. Shutts and R. Swinbank, 1986: Alle-

viation of a systematic westerly bias in general cir-
culation and numerical weather prediction models
through an orographic gravity wave drag parame-
terization. Quart. J. R. Meteor. Soc., 112, 1001~
1040.

Tibaldi, S., 1985: Envelope orograpgy and maintainence
of the qusi stationary circulation in the ECMWEF
global models. Advanced in Geophysics, Vol 29,

339-374.

Wallace, J.M., S. Tibaldi and A.J. Simmons, 1983: Re-
duction of systemaic forecast errors in the ECMWEF
model through the introduction of envelope orogra-
phy. Quart. J. R. Meteor. Soc., 109, 683-717.

Wallace, J.M., and N.-C. Lau, 1985: On the role of
barotropic energy conversions in the general circu-
lation. Advances in Geophysics, Vol., 28A., 33-T4.

Wang, J.-T., J.-W. Kim, and W.L. Gates, 1984: The
balance of kinetic and total energy simulated by
the OSU two-level atmospheric general circulation
model for January and July. Mon. Wea. Rev., 112,
873-890.

Wang, J.-T., W.-M Chen, and 5.-C. Lin, 1993: System-
atic errors of CWB global model. Part I: Funda-
mental variables and mean meridional circulation.

TAO, 4, 119-143.



1

OBSERYATION SURFACE PRESSURE 1 991.JAN FORECAST (48 HR) SURFACE PRESSURE 1991.JAN
. (INTERVAL=3.} {INTERVAL=3)

60 W 60 W

150 W
150 W

CQBSERVATION SURFACE PRESSURE 1991JUL 48 HR FORECAST SURFACE PRESSURE 1981.JUL
{INTERVAL= 2) {INTERVAL= 2.]

150 W
0 E

"lﬁ‘ﬁ-'—'"'-z 19914 B F 34 ﬁﬁ%ﬁﬁ@%o (o) — R Mm 3, (b)) h 48/ W5 TH
BIFMAYITARTHE, () RARME, (R (VekEAAR
345

547



OBS. ENERGY-PRODUCTION AF ZDRNMI'ERV ESQB]JAN (#1.£-2) A3 HR ENERGY PRODUCTION AT 200 MB 19391, JAN (¥.E-2)
Al= 1 .
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991.JAN

OBSERVATION ~ B50 MB VT 1991JAN FORECAST (48 HR) 850 MB YT 1
. ' { INTERVAL= 30.)
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Ly o L f)
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[y} L o} El—

OBSERVATION 200 MB UY 1991 JAN FORECAST (48 HR} 200 MB UY 1991.JAN

{ INTERVAL= 50} { INTERVAL= 50)

. E. L.
& ¥ - o

B=. —AAFHEGHLHE > BEMR o (0) 850 mbay VT B#
B, (b)) 48 TAMB ARG AR A T343%, BB 30 m°C/s;
(C),(d) B a,b, 12 & 200 mb &y vt 3% , L B (R 1A 50 m2/s® o
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£ VEGTOR AND MEAN ZONAL WIND. AT 300 MB- (4B:HR} -~
’ UNTERYAL=20) ' . 1991 JAN

E VECTOR AND MEAN ZONAL WIND AT 300 MB {(0BS.) .
{INTERYAL=20.} 1991, JAN
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AT e
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Systematic Errors of the CWB Globl Forecast Model:
Energetics Viewpoints

Huei-Ling Kuo !  Jough-Tai Wang ! Wen-Mei Chen ?
U Imstitute of Atmospheric Physics, National Central University

 Computer Center, Ceniral Weather Bureau

Abstract

Study the systematic errors of a model is a good indicator to represent the
performance and limitation of a model. Through the construction of the simu-
lated monthly mean climatology based on each 24 hrs, 48 hrs or longer periods
simulation reveal certain features of the model behavior. However, it is still not
adequate to identify all of the model characteristics. From the encrgetics points
of view, the behavior of cddies associated with the synoptic systems are crucial
to the barotr‘opic and baroclinic energy conversion processes. Understanding
model’s eddies structure through the energetics calculation could explain model
characteristics of different regions. The characteristics of the systematic errors
are clearly identified and it’s impact easier vnderstoaod.

This study analyzes the simulated data from the Global Forecast System of
the Central Weather Bureau (CWB) in January and July of 1991, Through the
calcualtion of the eddies associated with the barotropic and baroclinic processes,
the strength and pattern of those processes can be identified and compared with
the observation. B vector calculation is also included in order to investigate
maodel’s performance of the barotropic processes in the jet stream regions. Some
preliminary conjectures will e discussed concerning the possible causes of those

deficiency of the simulated eddies structures.
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