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ABSTRACT

\&n this study. onre three-day ard ¢two fivs-day Numerical
Oparatioral Gloral A+mosfpheric Prediciicn System (NOGAES)
500mb forecasts were spectrally verifiad. TLe wavenumksr
compecnents c¢f the observed and foracast wavss weIe grouped
into glanetary (wavenumbers 1-3), long (wavenumkers 5-7) arnd
medium (wavenumkters 8-12) wavenuambers for varifica<ica, Tre
observed and fcrscast trough-z-idgs (Hovmcllszc: diagrams cf
lcrngitude versus time for sach gcocup we-e analys:sd fcr cach

Cé.S5€.

Tsocss occurced in

In all <th-ee cases.the moest serious

<he planatary waves where <he model often forecast errcrnsz-
ously large ¢z small amplitudes. The long wavss wer: <he
most accuratszly forecast group both in amolitude and phass
sdyeed. The medium wvave amplitudss wers farecas<c <co wea

and phasz sp2eds wer2 consistantly %00 fast f2r +hiz gIout.
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I. INTRODUCTION

Accurate and reliable rumerical wesathser pradiction is a
majcr goal fer civiliar and mili-ary a<mospheric s-udies,
Verifica-icn studiss are an impcrtant aspsct of numerical
model developueﬁt as they isolate model strsng+hs ard veak-
nesses and Zdar*ify errccs which must b2 elimiza~ed -c
2xtend “he present limits c¢f forecast skill.

This thesis will investigaze <+he Naval Oczra*ticnal
Global Azmcsoksric Predicticn System (NOGAPS) acizl's abil-
i=y *c £orecast “ke pcsiticn 2ad nwmovemsat of 500mb wavss In

“h2 wi2 lati<uvdes 0f +he Northern Homisphers. NOGAPS, whic

—
1

becage oprrazicnal ir Septsmbar, 1982 ar <he Flest Numez-ical

.

Oceancgraghy (en<er (FNOC) has been a preoj the N
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2avircnmsntal Fredic=ion EKesszarch PFacili<y (NEPRF) since
1976. The icag *=rm goal of NOGAPS is to achisvz a meéium
—angé (7-1C days) numerical foracast capabilizy for =he U.S.
Navy (Rcswend,1981). Verification c¢f NOGAPS is vszry iapcr-
van~ at ~his stace due *c¢ <che ressarzch =<-ype tackgrocuni cf
~h2 mecdel. The NOGAES fcrecast modz2l is a modifizd form of
the CUCLA gensral circulaticn model. Consequently, it*t has

ne+ had <+he tkenefit of many prior intensive verification

studiss ae have most second and third ganeratics coperational

andels.
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Recen* studices have raised serious questions concezning
the relative accuracy of the planetary-scale (zoral waveiunm-
b2rs 1-2) wave mction forecasts at 500mb produced ty numsri-~
cal weather predictior models. Lambert and Meril=zes (1978)
corcluded +th: planstary-scale motion predic=ions cf a spec-
+z7al numerical mcdel wer= poorer with respsc+t ¢ persistznc:
than long (wavarumbsrs 3-5) or medium=-scales (wavenumbers
6-10) mo<icns. Miyakcda 2t al. (1972) zxamined <he GFDL
model ©psr-fc-mence over a series o0f winz2: forzscas<s and
found similar =:ror characteristics in <he planatary-scais
forecasts. This study will v=rify NOGAPS pplarztacy wave
forecas%s ar¢ ctler wave rsginss, lacgs and medium-scale.
S0Cmh dz+a fiom toth the forecast and the azalysis aze

ctrally dsccmresad in%c its basic ccmponznts of ampli-ude

({7}
o]
W

h

o

n

0

s2 th2r «crgacnized irvo plansztary, 1iong and medium-

[o ]
'y

cale waves fcr separate znalysis of <h2ir =z:acsphzaric

/)]

bzhavicral charac+aristics. If on: assumes spa+ial ccupling

(the interac-<ing cf different scalzs), then acdel wsaknasses

ot
r
]

in fcrecastiag 'iong' wave motion will be <reflec*zd in
accuracy of ‘'‘short' wave motion foracas:s. The purpess <€
this study is %+c perform a thorcugh analiysis cf <ha £forsz-~

casts of each wave grouping. Somervilla (1980) examired <he

11




planetary-scale wvave forecasts c¢f a priai<ive =squariern
numerical model in bcth a global and hemispheric configura-
“icn. He ccnciuded that the glcbzl varsion wes markedly
morse skillful zhan the hewmispharic varsion aspecially in *he

latter par* c¢f =ha five-day forecast pericd. While the

presen= study will coasider only a glcbal version o€ NOGATS
+he results will lend <hemselves %o an applica=ion of Scmer-
ville's wczk =c NOGAES.,

Errors in phéss speeds, amplitudss, devzlopmen< of bazc-
clinic systens, Zamping of smaller sczls f2atuces 2and plane-
<ary wave structure become clearsr when <ne forecasted

vac-iakles ar lyzec over <ime via &z Hovmoll:sr or “rough-

&

ar

]

ridge plo

ot

. Szumhefnsr and Dcwazy (1978) amilized =his
~2chrigqus tc¢ din—-ercempare the ferscasting skills of <h:zzsz
runerical weethe: predic-icn models. They construct2d lon-
gituds-tipe piots aleng 2 fixzd latizude =o tet4er under-

s=aad =he *ime evcluvtion c€ the forecas: fieslds. Fcrecasts
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amplificatica errors in many of th2 transient sys=eas.
spectral zzakdcwn c¢f the Howmcllar plot in plana=acy
(wavenumbers 1-3), large (waverumbers 5-7) and medius

scale-waves (wavenumbers 8-12) were u+=ilized In thzir =zudy.
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One has orly to consider *the complexity of a ¢ypical 500amb
wave pattiern *c appreciate the bepefits of this appreach.
Th2 specific cbjectives of this chesis are:

1 Develorment of a spec=ral verification rrogram usin
- g

waverumber grcuping and Hevamoller ©fplots for <rcpospheric

height data,
(2) Applica+ioca of +he program %o interzs:ting NOGAPS fore-

cas< situaticns at 5030mb,

tn
O

m
o
n

(3) Use of wavenunmler analysis =o varify NOGAPS

ca

r

9f plans-ary, 1cné and medium~scale wavss.

Chapter 2 revisws <he wain features cf the NOGAPS model.
The pa<tern descomocsition program is dz2scriped and dsmern-
g=zated - chapter . Chap<er 4 presszats thes basic chaczc-
teristics ¢£ +the czs: sctudy periods axd =hsir <subsaguern:
a*mostheric behavior, fFirally, <chapter 5 summarizes <he

c2sul+s of +he fcracast ccrrariscn and makes suggestions for

rh

(3]
%

ur+her resgezzch.
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I1. NCGAPS SUMMARY

Ths Naval Cpsraticral Global A+fmosphscic Predictiorn Sys-
<2am (NOGAES) was developéd by <the Navai Environmsntal Pre-
dicticn Research facility (NEPRP) <to be zux at +he Fleez
Numezical Ccsanccraphy <Cerver (PNCC). The objsctives cf the
NOGAES projec+ are to improve tropical and Southern Hemis-
peric forecas*ing and achieve mid-rangs (5 - 13 days) glectal
nunerical forscast capability =o suppecr: U.S. Naval cperz-
~icns (Rosmend,1981).

The cktjective analysis method us=4 by YOGAPS is 3 varia-
*icn ¢£€ the successive ccrrsctions <«=acanigue (Baraes, 1564)

wvhich disczizine<es among observing sys=2as according -=o

+thsir accuracy. While +he £2i2al analysis is not as scghis-
zica*ed as <he or+imal interpolation m=z=<hod it requicss far

iess ccmputsir resourcss.

Glopal mass and wind fields are analyz2d irndependern-=ly
with cpeicnal da<a bogusing. Lata cejac=inon critazia ace
inten*tionally lcose since tha ini+ializa<ion schens

(Barker,1981) removes th2 gravity wavss zxci«<=2d b

~
o
[
[« 9
2
n
oh
o
.

This technique rrevents ipadvertent rejec=i

(o]

n of <he good

data associazed wich rapidly develcping sys:zeams.

1
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A calculus cf variaticn methcd combines the results of
the wind and mass analyses. The hydrostazic equatior per-
aits substituticr of texperature £for geopotsntial which
gives th2 forscast model =hree dimensicnali:y. The form c¢f
NOGAES initializa+ion wused irn our study produces balarcszd
geopcten=ials (temperatures) and non-diverg=n+t winds which
are ir-a2rpcla+ted di1rzctly to the mecdzl's sigma cocrdinace
systeum. The wmetouod which became operational :In Dacember,
1982, definss gJeopotential and wind as ©objeczivas analyszs

correction fieslds. The rssulting balanced cocrections

1]
H
(L]

in*erpolated +¢c =ke cigmz2 surfeces, as in the fi-st me=hed,
ard added +c the fi:st gquess forecast. This mezhcd pre-
serves the mcdel-generataed divergerncs and minimizes “he ver-

tical in*ergclatica error.

The £irst quess fo-aecast o9f spzacific humidizy and <he
prognes=ic planetary boundary layer (PBL) variablsis are ussd
4s irpitial values for the subseguen= foracas: cycle. The

six-hcur ugpdate cyclie is prefsrred ovar th2 zwslve-hcur con-

figuraticr since 12ss tige interpolation of asynoptic da=x

[

is required. However, tha shorter cycle is more subjecs =2
faisialization sheck and relies heavily cn  the ini<ializa-

<ion technigue to con<rol th2 noisa, Pailure *oc 3o sc may

15
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cesult in sulsequen+t first guess ercors sufficiently l2c02
to cause rejzcticrn of gocd obssrvational daza.

The NOGAES mcéel is a modified vsrsion of the UCLA gern-
eral cirzculézicr mcdel (GCM) described by Arakawa arnd Laab
(1977). 1The 2.4 bty 3.0 degre2 horizonzal grid usés scheme C
staggering ¢f the variabies and ccnssrvas ensrgy and ens-co-
phy skea the flow is rondivergent. All d=pendent veriables
exczpt vertical vslocis are definad in =he wmiddle of each

0f =te six ver¢ical sigma levals (Fig. 1) .

Moiszure, mcist sta=ic energy and acasntum  ac:
assuped t¢ te well-mixed in «“he PBL. The 2qua“ions gevern-
ing <te diatacic rrocessas aze based ca th?2 aszthod ¢f Pear-
Jorff (1972). Thess z2quations represent tha coaservatica cf
mass ir -he PRL, teampera:ctre and speciiic humidity inversion

strergth and the Jumz iz @momintum ACrIoss the inversion. A

/]

spacial fsazure of the amacdel is <+he variabplie dep*h <of zhe
PBL ir the 1lcwest laver which has a capping invarsion cf a
porots matsrial surface. This allows =2n<rzir2d mass *o
despen the PBL and removed mass (by cumulus mass flux) <o

decrease +he EBRL. The fluxes a¢ *h2 %“op of the PBL ars nc¢+

a constan+ fracticn of *he surface fluxes bu* rathsr a furc-

0

cau

n

zien of the entrainsmenz, Dissipating stratu es 2

16
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Figure 1. The Vertical Differencing of “he NOGAPS Model
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var-icularly large flux across the inversicn fcr- s=tratus
capred PBl's.

b significant modification t¢c the GCM is <the constrairn-
ment ¢f the FEl to remain in the fto%“om sigma layszr. This
elimiratas sericus ccmputational problems yet has nct cre-
ated any nc*iceatle acdvzarse effacts ca model £fcrecasts.

NCGAPS usss *he Arakawz-Schulart (1974) cumulus paraae-
<erization described by 1lecrd (1978). Eavironmanzal air
belos *he clcud rcp is entrained while air a+t <he clcud tcp
is dstrained. Arzkawa notel “hat large scale fcrcing gerer-
ates conditicral stabilizy wheraas cumulus convzc-icn
jastrcys i+, This cerncept, c2lled *quasi-squilibriun', was
combined witn +the 'cloud work' ccncept (Arakawa aréd Schu-
bert,1974) <c¢c prcduce a c¢loud base mass flux unique to <ach
clcud type.

The GCM -adia+ion parameterizazicn Csquirzs only fif<ceern
percent of the model's running < ime, The radia<icay =ransfer
szquaticn (Kavayama, 1574 2and Schlesingsz,1976) uses tulk
trarcsmissicn functions fcr discrete pressure layarcs. Net
radia+«ive flux 2t grecund 1levsl is a furcticn of incoaing

solar and lcngwave radiaticn and surface albedo.

18
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NCGAPS is run on <he CYBER 205 wkich has high spszd scz-
lar and vector pireline prccessors. Prasenctly, tn: fsrecass
model has a wall clock execution <+ime of thirty minuzes psr
forecas: day ¢cn a 2.4 X 3.0 d=gree grid. Any sigrificagz+
iacreasa in the mod2l's performance would reguire redesign-
ing tte diaka*ic prccesses to include more vsctoriza<tion for

tha en=ire model.

19
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III. S2ECTRAL DECOMPOSITION ROUTINE

The ccuplex appearance of a +typical 500 wl heigh*t wave
pattern nften corceals the sources of forecast error, The
pattern's coamplexity is due tc *hz superposi<ict cf plana-

«ary, long, medium and svnoptic waves. Every pa+<<ern,

regardlass of i+«s int-icacy, can be repres=nted as the sunm
of a s2ries of purs bharmcnic wavyss. A spactral decomposi-
=ion rou*ine will resclve a comrplax wavs in<ec i=s
comgcnen<s, tha< is, +he amplitude and phass angle cf =ach

wave number 1, 2, 3, s=*c. The spec=ral analysis ussd in

W

zhis study was d=v=zioped a* the Naval Pos+<graduate Schoocl-ty
prcf. R. T. Williams.

The 50C at wave pattern along 42N (Fig. 2) for 18 Fabru-
ary sill ks spesctrally dscoapcssl =c¢ illus*ra%e <he
+2chrigue.

T¢ facilita-e this illustrazion and <+«he £foregcing
ssquence of illus4tra+ions, Pig. 3 has &n abcissasozdina=zs
scale ratic cf 25000km/60Cm or approximataly 42000 <o 1.

Kcte the negative 1longi“udes are west and the pcsizive

longi*udes ace gsast. A careful examinatzion c¢f th2 heigh:s
g
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along 42N suggest a relatively significant amplizudz of
vaverumber 3 as evidenced by “he promianent =ridgs lccatiorns

in the vicinity ¢f 120%, 0 and 90E. Alsc the

s
3]
o

pcrderance
of ridges and <¢rcughs in *he 4000km (50-60 d=gress) range
are the signatures of waverumbars 6 and 7. Since 2 mizioum
of six points Is required to adequately sssolvs a wave, <+he
maxisum wavenumker accurately resclveable with a 72-poin«
series (five degrees of lcngi=ude) is 12. A hcrizon+<al res-
6lu=icr of three degrees c¢f 1longizude can accurately depict
wavenumbers ur tc 20. Aamplitude estimates ars difficul+ arnd
finer resoluticn would be speculativa a+t bsesz.

The nuge-ical resul%s of +“he deccmposizion =-cutine arcs

preserzed in Takle 1 ( although only wavenumbsrs 1 - 20 can

ot
o

be accura+ely cesolved, 2 ~ables and fogures in =ais s+udy
will rspresent wavenumbezs 1 ~ 28). Th2 phese 2ngle 2nd
amplitud: (in mwmeters atour ths mean heigh+) of “he
wavsrumbzr 1 thrcugh 28 ccmponents are shown.

Fizs- the mean heigh+ was calculated, +<hen +th2 ampliczude
and gphase angle of s2ach wavenumbe: 1 - 28. The amplitudes
are Qiven as difference values abcut the m2ai hsight and <he
ohase angles are in reference to the certer of %h=s longitu-

dinal domain (0 degress).
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SPECTRAL DECOMPOSITION OF S00MB SFC
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The series cf grarhs in Figs. S5a-e 2lucida%e the sigrnif-

. -

icance of +h

L]

Flanatary cvcmponsznt ¢f =hs 500ab wavs., All of

it I S s

<hese figures ¢ragh *the teigh: versus the lorngizudes cf <he

4]

"1

o

¢-igiaal wave

[{]

o

id line) wi=h varicus wavanurbar ccmbina-

<ions (dashed line) superpcssd for comparison. Figs. 5a, b

and ¢ chart waverumbers 1, 2 and 3 respzctively, while

2
[a's
]

-he summarticn ¢f waverumbers 1, 2 aad 3.

s

HEIGHT OF S00MB SFC AND WNI-28 FOR 42N

i e

. 8 g

. 8] |
g |
E ~———
58 /
~H |

-180.0-150.0 -130.0 -90.9 -60.8 -3.0 0.0 0.0 6.0 83.0 130.0 150.0 180.C
LONGITUDE ( DEGREES)

e m me mm = mreee s -
-

5¢) Summaticn of wavanumper 1-22 ccampoisnts

PES —poae~

Ncte hcw “hese <hree waves begin <o ssssmble <hs origi-
nal fpattern. I+ is impcriant %o realize =-hs summazicn ¢f

-he full ceries c¢f harmonic waves would recoas<i<ute <he 500

mb wave ezcepting any high €requency variazicns (g-eatsas

“han wavenumber 28) presant in the original wave. F-g9. S=
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SOOMB WN3 FCST FOR 42N NOGAP 0-72
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cepresants the sup of wavenumbzrs 1 through 28 and, con this
scale, appears ¢c coincide with ths test wvave.

This analysis approach has proved <o tz a useful
rasearch tccl when applied to fcracast varification (Baum-
hefner azd Dcwney,1978; Scmerville,1980). Spectiral decoamgc-
siticn ¢f a fcrecast and its verification analysis allcw
direct compatiscr of the amplitude and phasz =p2ed of zach
waveoumb2I. The dimsnsicn of time £ucther szoengthens <kis
3 analysis *echnique via a Hovmoller diagran. Thesz <«oough
ard ridg=2 lcngitude-timz fplo*s alorng a fixed latizude dspict
~he time cvcluticn of the forscast variablss. Fij3. € ccm-
paces *he asrlitude and plase speed of succsssive 24, U8 a:n
72 hcur forecasts for waverumbar 3 with “%: cbsacved 2<mcs-
phz2ric b=havicr.

In the nex: chapter this and o<her caszs will be 2na-
lyzed ir this aznner. The harmorics of 2ach forgcast z:s2

g-cuped irtc planetary(1-3), 1lcng (5-7) azil aszdium (8-12)

. waves biafcre comparison %o the varificazion alralysis via

Hovmcller diagrass. Readily discarnabls 2rzczz in asmpli-

Rtareny ey oo

<ude, phase steed, develciment of baroclinic systeas, Jaap-
ing cf saallar scale features and plareracy wave struc*uce
are just a few of the advantagas of varification using spec-

tral coepcnents.
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Iv. SEECTRAL VEERIFICATION CASE STUDIES

In this chapter the spectral verification p-ssenzed in

chapter 3 will ke applied to three NOGAPS forscasts, onz for
three days and two exterding £or fivs days. All fc-ecasts

ace nmade frcm 00Z data anc¢ are verifizd at 24, 48, 72, 96

and 120 hour marks of the forecas+t.

4,1 cCase2 1 - Fetruary 18 *c 21, 1982:

This pericd was sclec+*ed cn <h2 basis of i4s rrencunced
plane*ary and lorng wave activi-y. This predic<icn was nais
with an e€arlier 'coa:cse rescluticn' (4 d=agre2s Ls3=. by §
dzgrees lcng.) version of th=z NOGAPS fxr=cast modisl. Ths
spectral deccmpcsi+ion was applizd tec £fsatures alcng U2\
ave-aged be«ween 38N and 46N.

Ths irni+ial 500mk pa+tzrn for «case 1 was discussed in
Chapter 3 ard is shown in Pig. 2. Prominen- fza*ures aldrng
42N include planetary wave <zrcughs at 160W aznd 45@ azd
strcng ridges a+ 170E, 1108 and 15E, suggestisg a st-cng

wavenumber 3 c¢crponent agplizude. The preponderance cf

ridges and trcughs with wavelangths on “he ordzsr of 50 =¢c 60




s g o N 2 g

degrees are -te signawures of wavenumbars 6 ard 7. tzcall
that spectral decoaposition of the heigh+<s alcrng 42W¥ ccn-
firned the <cela+ive domirancs c¢f waveaumber 3, 7 zand 11
compcnents (Fig. W) .

The 72-hcur fcrecast and analysis for the 500mb =urface
on 21 Feb (Figs. 7a and b) appzar gquite similas undsr 2 cur-
Sory irspecticn,

Ths trough at 60-70W has leen underfcrecast by =hz model,
but cvsrall “ke £fcrecast seems +¢c be reasonably succassful.

Note <h2 =2xcellent forecast of +th= <wo =rougds In <*he

1

Pacific Ocean (180W and 140W) and <hs s=Irong riige ovar
Euroge.

Bhen +thes spectrel deccmposition is applizd =c zhs 72
hour forecas= ard its verification (Fig. TJc)y significen=
amplitude differ=nces are prssen+. Specifically, in +hs
planetary wave grcup (wavenumbers 1-3) th2 cksezvzd atmcs-
ophe-e has wmairtained, al-hough <to a 1lesse:c degrez, th2
dominance c¢f wavenumber 3 wherzas <he mcd2l has shif~<¢d <hs
psak ampliitude away from wavenumber 3 and iato wavanumber 1.
In the long wave grcup (wavenumbers 5,6 7) +the dcmipnanc: cf
waveguabers 6 and 7 has shifted %o <he scle peak iz

wavenumber 7 in keth <he xcdel and *he acalysis.
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c)

SPECTRAL DECOMPOSITION OF SOO0M8 ,
ANALYSIS(SOLID) AND 7R ml%l
21 FEB AT 42N

A

AMPLITUDE IMETERS)
0.0 20.0 0.0 6.0 80.0 100

1.0 %0 SO 7.0 9.0 1.0 13.0 15.0 17.0 19.0 21.0 2.8 /.o 2.0
WAYVE NUMBER

7c) Waverumber component ampli=udes.

NOGAES accurately forscast thz wavsnuamber aapli=-udss ir =his
groucg. The pedium wave group (wavsnumbar 8-1Z compornancts)

ini+ially iadicatas 2 przfersnce for wavenumbas 11, tut

o

af+ar 72 hcurs <he significance has shiftsd to <the low

i

waverumbezs 8 and 9. This shift is slightly more praorncurcz4
in the model =cesulcing in errconeously high fo-ecas+ anmrli-
-1des for saverumkters 8 ard 9.

Thé Howvmollsr diagrams for the planetary wave CCmpCRents
of “he forecas~ and the aralysis (Pigs. B8a ard b) «cleacly

illustra~e these Jifferencss.
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a PW FCST FOR 38-46N NOGAP 0-72
FEB 18 - FEB 21
g.0 —\/ T L m— "
o .01 | ..' @
= g > 1‘9 -
g g N 718
g =  48.04 %
| 72.0 4y T . T Jr v ' . . : {
; 0.0 270.0 240.0 210.0 180.0 1350.0 120.0 90.0 50.0 30.0 00 '30 0 -80.0 ;
i T o LONG] TUDE { DEGREES) ;

b) PW ANALYSIS FOR 38-46N
FeB 18 - FEB 21 ‘

0.0 — T
5 2.0 )
g o
; 8 ; 3
-~ ; — B ;
g o
- wod - 49 . o .
! '.‘:‘ ’
7.0 T T: - 1. .'I'.— T a T v 1 n Y
300.0 270.0 2¢0.0 210.0 180.0 1S50.0 120.0 .0 80.0 .0 9.0 -30.0 -60.0

LONG 1 TUGE (DEGREES)

viqure 8. Planetary Wave Hovmoller piagrams fo:- 18-21 Fet.
I a) rcrtecast aad b) !nalysps g..:h Con<cucz
Ilzervals of 5C Me=:ars.

The mcdel has accura+ely position=d =cidges at 120W azd 9,

but it has undersstimated the amplitude of the £ozmer by 50
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meters and cveres*imated the latter by 50 me=2rs. Thz =uc
planetary wavé ¢rcughks originating a+ 180W arnd 404 actz w2ak-
ened tco rapidly in the forecast and become disztor+sd by *he
spurious formaticn of a deesp trough at 90E. The <rougk

origirating at 20E also weakened toc rapiily =zo =42 peine
wheze it is higher than the mean hsigh: and is cnly 3 tzough
in the sense tha+t i< is between twc ctidges. The cthe: prom-
inent featur:s 1s ¢*he forecast +=zough 3t 992% which hae ac
counterpart ir the obsarvations. The sesmingliy rcarndcn
changes in =<rcugh ané ridge intensizty fora & at-:rn wh=zn

the differences in component amplituies ars consil:ite4a,

The NCGAPS 72-hou:z forecast shcws +*n

"n
=
W
-]
[0
=]
=
=
(o3
M
(L]
-
I
€
]

rature emerging wich general -idging fzcm 150K =¢ 40E axnd
g3neral troughing fzom U4OE <o 150% whilsa <hz analvsis
d2picts mcre c¢f a wavenumker 2 and 3 signazucs. F_gs. 9a
and k compare *he forécast and chserved wavsnumbzrs 1 angd 2
individually.

NOGAES f~recas<s wavenumker 1 to be 79% mors irternse <han
the cbserva+ion whils underforzcas=ing wavenumbe: 3 by 55%.
Despite the prescence of wavenumbers 2 and 3, the plaretacy
wave charac«eristics in +*he 72 hour NOGAPS forecas:t a:cs

largely detarmized by +the overvhelming Jdcminaance of
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ANALYSIS KNI COMPONENT TSCLIDT "7

2 FORECAST N1 COMPONENT (DASHED)
: 72 HOURS (21 FEB)
| "
Lo § .
= F - s B - el
g
Co¥ T o _—T
‘3—':’_%4 JRattts O-ouns p
o

300.0 270.0 240.0 210.0 180.0 180.0 123.0 .0 6.0 3.3 0.0 -%.0 -8.3
LONGITUDE (CEGREES?

P s < —

N
b) FORELAT WS CONPONENT {GASHED)
§ 72 HOURS (21 FEBI]
L9
=t
z - Sea
—o =
&4
¥o
. oo o0 S0 b0 1800 1500 200 W3 60 XI 08 0.0 -60.0
‘ LONGITUCE (DEGREES)
figure 9. Wavsnumber 1 and 3 Compcn2nts for Case 1. 2a)
Waverumber 1 Ccppon2nt <or analysis (Solid) ard
Forecast (Cashed) for Q0Z 21 Fed. b) Same acs a
excep~ fcr Waverumber 3 Componsnt.

vavenumbez 1. Erroneously lcvw heigh+s, <Zougas too sIICrg
and ridges toc weak, exist In the region of 603 <o 120% aad

arroneously high heights, tzoughs <oc weak arnd ridges =c
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BT

strong, e€xis< in the regicn of 120w to 60E. Synoptic sxam-

ples ¢f +he effect of the raduction of *“he wavzrnuazbez 3
compcnen* are evident in +ke ridge at 120W and =h: =zcuga 1¢
60W., From 150W ¢ 1108 <he model undarforscasts =he ridge
in this area and smooths cur its ampli:zuds. From 110W =0
608 +“he mcdel overforeacasts the heigh+ ¢f <he sastscn s_ie
of the ridgs and smooths ocut the <-ouga a+ $0i. Thsss
amplitude errcrs arz also evidsnt ipn other z2gions of <ha 72
hour forecast (Figs. 7a ard b).

The long wave group verifies +ths wavzaumber 5,6 ané 7

w .
by Tase I

<@

COMPCrentes, Ths gerneral agr2ament betwe
waverumber aszplitudes in *his grcup (Fig. 7c) =arcach =hsz
72-hcur pericd consequently p-cducses a gener-al agreeasnt i
“hs ampli<tudes of <heir respective Howvmollesr diagrams (Fics.
102 2nd4 bH).

This diagzam shcws s2ven troughs ard ridges az 72 hcurs sig-
nifying the dcuinance of wavenumbez 7. In <his arcupiag 2
cegicn of maxigum amplituds (contcur intervals ace 15m) is
svident Letween 180W and 30W in bo=a the wacdel and =<az
observation. There is strcng agreemsns betwesn ths forecast

and ckserved 1long waves in +the Hcvmoller diagrams shewizg

NOGAFS perfc-ming w=2ll a+ this scals.
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a) LW FCST FOR 38-46N NOGAP 0-72
- FEB 18 - FEB 21

\

T IME (HOURS)

‘u:.oz;'o.n 210.0 21'63: u;'T.o 150.0 120.0 90.0 80.0 3.0 0.0 :-:").o -63.0
LONGITUDE { DEGREES)

b) LW ANALYSIS FOR 38-46N i

FEB 18 - FEB 21 k

—r

TIME(HOURS)

30.0 270.0 240.0 2i0.0 180.0 150.0 120.0 $0.0 80.3 38.0 0.0 -3.0 -60.0
LONG] TUDE (BEGREES )

ovmcllar Ciagrams for 18-21 Feb. a
g k) AnalyE_g with Conzour In<érval

Figure 10.

The interaction of wavenumbers 8 <hzough 12 iz <+he

mediun waveé grcuf creates a2 coaplex pattern in the aralysis
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and fcrecast trough-ridge diagrauss. Th2 Hovmoller diag-ams
for the fcrecast and cbservation (Figs. t11a and b) becth stow

elaven waves ini<ially and nins waves afzer 72 Lourcs,

[1}]

The awmplitudes (cocntour irtervals are 10 msters) and phass

speeds canr still ke ccmpared, but th2 errors a-s mozs diffi-

|-+

cult tc “rac=. Ths model shows &n erronz=ous lcss of aapli-
~ude, particularly evident a%+ 48 hours. dovwevsr, at 7z
hocvrs ths increased activi<y in *“hke region fzom 140E =¢ 123V
is precperly tferecast. Tke phase speed is approximazsly 10
degrees =cc fast in the region frzsm Q00E =2 120E. Con-
versely, the model has done sxtremely wsll I f£i-ecastinag
+he spsed c¢f *the wave fea*urss betweern 1WQOE a4 150W. OQvaz-
all, -~he mcéel exhiti*s rsasonable success £or bc<h =h=z

amplitudss 2nd phase speeds ¢f ¢the medium wavss az 72 hours.

)

I= is imper+ant “c note *hke amplitude of the medianm wavszun-

bers is often smaller %<han th

1]

plznstary wavernumbers by 2s

much as an crder of magnituda. Also as wavsaumbers irnc

"
14

(1]

23

“0 *Le point wheze they canno:t be accurately -epresantad bt

(¢7

~g

the mcdel's hcrizental zesolution, “he spactral decomposi-
+ion is less accurate as wuell.
Ths resul«s of Case 1 indicaze NOGAPS ecr-orneously

shifted ~he planetary wavenuaber dominaacs from wavs 3 azd
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a) M FCST FOR 38-46N NOGAP 0-72
’ FEB 18 - FEB 21

PR a8 = - e W B

0.0 '7
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-
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- 48.04
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b) MW ANALYSIS FOR 38-46N

FEB 18 - FEB 21

TIHE (HOURS)

0.0 270.0 240.0 210.0 160.0 150.0 120.0 90.0 63.0 .0 0.0 -3.0 -63.0
ONGITUDE(DEGREESI

Elag*ams €0z 18-21 Feh,
S wWwozh Cortous

Figure 11,

into wave 1, Dus to a d:iffsrsnce in wavenuaber signa*ures,

accura“-e rlanetacy wave phase speed comparisons betwazn %he
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model and ths observation wers difficul:. Both

tudes aad tphase speeds c¢f the lcng waves wers

predicted ty the model.

“ude ir *he medium waves and shif+=2d peak amplii-

wvaverumber 11 to 8 and 9.

m=diug waves as a group were small.

4.2 Case 2 - Cc+cb=sr 06 tc 11, 1982:;

This pericdé precvides a goodl exampls of <the fo
an intenss ridge (blocking high) over the wes=ern

NOGAPS shcwed scme icss

The phase s5pesd srrozs o2f <hs

Tma<icon 2of
U.S. ana

was discussed Irn <~he NOA3, Western RsJional Atwachmen= cf

Oc*tolter,16€Z2. Fcr -his case NOGAPS horizen+2l I=zsclu=ion is.

2.4 degrzes of latitude ty 3. degrees o longizude interrpc-

lated on<c a z.5 £y 2.5 degres spherical gziid. Th:z spec-Tal

decompcsiticr is applied tc <he Lzight of the 500

along 45N (averaged te=wween <h2 heights agiven as

47 .5N).

The 500mkt reights, derictad from 39N to 60N,
in Fig. 122 shows a fairly zonal pat:z2rn foom =he
of Asia <o “he Basterr A+lantic.

Ncte the ordirate/abscissa ratio is mor2 %han

distcr+ion prcduces a visual magnificaticn of <he

40
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ek b

of each wave, This scals was ckosea for clari<y and :is

mairn+ained th-cugbout this and thke ramaining casss. Prcmi-

nent ridges are 1locazed at 208 and 30E and =he Zlcw splizs
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a~ 10W. Srectral deccmposition (Fig. 12b) shcws wavarnumts:s
2, S5 and 7 compcnents are dominart ini-=ially. The zcazl
characzer ¢f this case is shown by the -elatively sven dis~
tribtction cf amplitudes agecng waverumbers 1 through 8.
Seventy-*+wo hours later (Fige. 13a) a d=ep <rough has
develcped c¢ver thke cen+ral U.S. and prominsnt =c-idges have
rapiély develcped over the western ard =astarn U.S. ccasts.
The model (Fijg. 13k) does no< adsquaz2ly ferzcas< <he
strergth cf ~hess features. A comparisorn of *the sp=c+zal
dzcompositior (Fig. 13c) c¢f +he anzlysis and +he foreceas- a+
72 hcurs shows a2 wmarked incrsass in the deminance o¢f the

-~

vaveruaber Z and 7 ccmporents of the azmosphere whilszs thsz

-4

mcdel iacorrectly sacothed the ampilitude of wavenuabes 2 bu<
corrzec-ly mairtained *he relative strerg+th of wavzrnumbs:z 7.
At the 120 houxr mark (11 0c¢=) 92f =~he fccecast period
both fhe eastern and western U.S. =zidges have cecrtinued =¢
streng-hen (Fic. 1Ta). The model shews an abilicty to prep-
=rly foracast ths phase speed of ths wave fea*urss such as
~he troughs at 1708 ard 4CW and the zidgs at 160F buz cen-
tinrues to underestimate the strengyth of the ridges (Fig.
14b) over the U.S. Spactral decomposition of +hz observa-

«ion shows the largyes* amglitudes ars in wavenumbers 2, 3, 4
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and 5 all having similar valuas (Fig. 14c). Meanwhile <he

model has shifted the domipance <o wavenumber 4 whil: Xezp-

ing the asplitude of wavenumbers S5 and greazer rala+*

(5

e

._l
o

small. The largest amplitude chaanges iz ~he model durizng
the fcracast pericd cccurred in wavenumbers 2, 3 and 4 while
the atmosphere additionally showa2d largs amplitude changss
in wavenumker 5,

The significance cf the amplituds srrecs is readily dis-
carnatle in +he Hovmcllar plees. Initially bo*h ¢f <=he
plane%ary wave *roaghk-ridge diagrams (TFigs. 132 ard b)
exhikit <he characteristics of a lazgs wavenuabar 2
ccmpenanc.

After 72 hcurs the observaticn has greacly ircreased =he

streng*h ¢f <+he wavenumber 2 sigrature wnils ths forsca

m

decreased i- (Fig. 16a). The modal has successfully fcra-
cast <h2 s*reng-h of the trough at 180§ (-135m), bur +he
s*reng=h ¢f the other trcugk and beth ridges are severcsly
underestimateé. The combined dominance of wavenumbers 2 and

3 in *he NCGAES forecast has in=roduced a spucion

ridge a+

n

QW and trcugh ar 50E.
Ey 120 hcurs the atacspnere eoxhibits maximum ampli-uda

shif~

0]

in the plane+ary wavenumbers 2 and 3 (Fig. 14c). Thi

44
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Figure 15. Same as FPig. € except for 06-11 Oct.

has nct affected the amplitudes cf the planetary wavse fea-
tures as wmuch as i+ has sharply tigh%en2d <he spacing

betweer. the trcughes ard =ridges producin mocte of a

45
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wavenumb2r 3 sigrature. The model has forecast =he aprli-
*ude of wavepumker 1 accura tely while wundersstimazing
wavernumbsr 3 ty 20% (Fig. 16b).

Thus the model has cnce again failed <zo predict <he
shif* and errcnecusly smocthed the highast amplitudses, The
model's planstary wave Hcvmoller diagram shows <he weaker
amplitudss a+ 120 hours and, significaatly, ths C2sulzan+
smocther pat+srn. Specifically ¢th2 ridges a< 105E and 110W
ars tco lcw and the tzough a* 45W is tco high. Synoptically
~“hsse =2rrcrs are eviden+ in Figq. 14b as <hne failurs of ths

model <o adaquazely forecast +h:2 strength ¢f <-ha ridge

building cn +ke west coast of <the U.S. aad the <*rough a+
40W. The gzneral placsment cf «compacable fzatures is gecod

2srecially in <he Pacif

'J

Cc region near the datelinsz.

The lcng wave ccamponent Hovmollar diagraas (Figs. 17a
and k) shcw NOGAPS =successfully forecastizg th: 1lcag wavs
€2a+urss. Overall -he forecas: has accuracely orzdic+=d <khs
geznzral regicns of high lcng wavs amplitudss, 120W =c¢ 90F,
ard lcw lcng vave aaplitudes, at 90B =c 1204. Observzd leng
vave amplitudes are more irtense <han the foracas:t after <hs
72 hcur mark. Comparison ¢f acdel and observed phase speeds

shows NOGAFS %o te fast, rpar<icularly in th2 high aamplizuie
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wvaves bevwween 120W and 30W. The shift of -he atmospherze =c

waverumber 6 signature withia the group by 72 hours was
properly fcrecas+t by the model and wvavenumber 5, 6, aréd 7
compcnents have less than 10% amplitude ecror (Fig. 13c¢).

Ey 140 btcurs the atzcsphere shows maximum long wave
amplitudz in the wavenumber 5 component (Fig., 14c) and <hs
Hovmecllar plct (Fig. 172). In ccrtrast th= model (Fig. 17b)
exhitits <sgall 1long wave amplitudes and undecestipaces
wavenumbsr 5 by more than S50% (Fig. 16c) aai wavenumber 6 by
30% while cverestima*ing wavernumber 7 by 60%. The fessul- of
thess errcrs is a gereral smcothing c¢f all ridges z2ni
<roughs. dlsc “he region of high amplitude, 1208 =¢ 99,
has e€xhibitzd slcw phase sgeed error wnils the regicn of low
amplitude, 90F %*c 120W, skcwed rarpid phass spe=d.

The mediup wave compcnents (Figs. 18a and :) begin =he
forecast pericd with <he sigrazure of wavsnumber 8. By 72

hours 20 <¢lear wavenumber preferernca 1is prasent ir ei=zhar

[
W
th
ct
(1]
"
pry
N
o

<he for2cast or the atmosghere, Th2 same is “:zu
hours. The initial significant amplitudss of <zhese waves
are lcst ir the ataosphere afzer 24 hours. A few, such as
the ¢trough criginating a+ MOW aad the ridge az 120W, wmain-

cain their ampli<ude +hzoughout mcst of the five day perici.
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At 120 hcurs new activicy appears in the <Tegion froa

180W to 60W. The model dampens all the wavz fsazu-es after

24 hcurs shich is errcaneous in <the case ¢{ <he t-cugh--idgs
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Figure 18. <Same as FPig. 11 2xcegt for J06-11 Oce.

System Oover the western U.S. The modz2l does capture +he 1

1]

L]
actieity at the five day nmark. An overall compaziscn sug-

gests a tphase speed errcr of 5-10 degrzes oo fast where
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direct comparisors car be made, Synopticalily this diffsc-

2nce is nct visible ¢n  the scale of Pigs. 14a znd b tu+
wotrld show up as a slightly rapid movemenz of fez-<ures wi+h
a wavelength cf 30 to 45 degrees over the 120 hcur forecas:
pericd.

The results of Case 2 indica*e NOGAPS =srcrorneously
smcothed a2 shif+ in the planetary wave activity a< 72 hecurs
ané again at 120 bours. Plare tary wave pnas2 spzed errcers
Wers small fcr comparable features ard naegligible in  <+he
Pacific regicn. Althcugh long wave forecast amplicudas were
smoothed, NCGAES correctly produced zwo distinct -eqgicns céf
cor+rasting arglitudes. EFhasz sgeeds wars siigatly *co fas:
in +he high amplitude region but satisfaczory in +=he low
ampli“ude regicn. The amplizudes ¢f th2 m:sdium wave fea-
tures were well foracast, bux showed a fas~ Lkias irn wave

speed and sevezal key features were lost ia the forzcas:.

4.3 Cas2 3 - Cc=cber 22 %c 27, 1982:
Luzing this forecast period <he 500mb surface changed
frcm a predomirantly long wava flow pattéra <o a 10r-e zornal

situatiorn. In r+~icular the region £f-om 150F <¢ 140w

undervwent the bresakdcwn cf a blockin ciige. Again <ha
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et

NOGAES hcrizer+al resolutiecr is 2.4 degrses lacz. by 3

FrAn

degrees lcng. interpolated onto a 2.5 by 2.5 degree sphseri-
cal grid. Trte spectral decomposition is applied “¢ <the
heights alcng 45N averaged between 42.5N and 47.5N.

Tks S00mb heights from 30N to 60N for 22 Oc= (Fig. 19a)

iacludes prominert trcughs at 60E, 125E and 140W with lesss:
zzoughs a+ 75% and 1S54W.
Notealkle ridges exist a<% SbE, 170E, 110W, 45W and 20E. The
wavanumber 5 dcminance is clearly prssent In Fig. 19Ft alcne
wi+«h strong asglitude compcnents of wavernumbers 3 214 4 dus
to thasir particularly strerng trough--idge systems.

Afzer 72 hecuc-s amplitvde Adiffer=nces acz alrsady apper-

2nt ltetweern “he 500mb pa+tterns of <he model and +as analysis

)

(figs. 20& and b). The mcdel has undecfor-escast “hs strCang=h
¢Z -he ridqges at 90% and 35E and the =-cughs a+ 70E, 140E,

cast & .n

140w ard 1CE. Tha cnly cbvicus YNOGAFS ovecior

b

the zidg=s at 100W.
The individusl wvavenuzber compcasnts (Fig. 20C¢) a+- 72
hours show the dominance c-:mains with 4 aznd 5. 1larg: ampli-

“ude increasas have cccurred in wavarambers 1, 7, 9 and 13

P I ORI

and large decreases at 2 and 3. Tha mecda2l has accucately

predicted RCST of the changes but consistertly
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Pigure 19, <Same as Fig. 12 excep=z for 22 Oc*

ur.derestira+

[11]

€ the stzength of wavenumbers 6 thrcugh 10. 1In
tarms of this study's wave groupings <hz amplitudes of <ha
planetary waves ara forecast very well, +the lcrng waves are
t00 weak ty 10 *o 20% and the medium waves arz too wesak Ly

30 +c 40%.
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At the 120 hour mark both phase spesd and =z2mplizuds

rrcrs are evident in +«he 500mb pa++~s2rns (Figs. 212 atnd L).

[}

Phase speeds are consistartly ¢toc rapid. Examplss include
the trzough a« 75E (10 deg;ees of longi=ude <tco fast), the
ridge a+ 180W (15 3egrees too fasz) and =he <«ccugh a+ 40w
(25 degrees =cc fast). Tle amplitudas of <he =rough a+« 160E
and tts ridge a*+ 180W are tco wesak 3nd the ridgs a< 95W is
toc strong. 4 ridge has formed in <he ra2gion frcm 160W *o
120W which has aided in <tke weakening of the blocking ridge
at 180W. The pmodel has nmissed <his ZImportant £sazurs
entirely. \}

Tae Z11dividual wavenunber!compcnents (Fig. 21c) a=~ *ia=
120 fiour mark shcw a general d%crease ir 21l ampli<udes wi<!
aspecially large percs=ntage d:&ps in wavernuabers 3, 4, &, 6
and 7. The relative dcsinande of planstary wavis Is much
smailer ncw, Lu+ there 2xists ﬁ dis«irc- peak at wavenumkbe:
4, The mcdel's wavenusker comfponen+s alsc show a generzl
decrease in zmplitudes with significant errors cccucrirng in
3, 4, 8, S ard 12 while <he dcminan< wavznumber is
wavenumbsr 3. In terms ¢f <his study's wave groupings +he
ampli+tudes c¢f +hke plane<acy waves are <00 strong by 20 <o
30%, <he long waves are well forecast and -he medium waves

are TCo wszak ty 30 o 40%.
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The decwmcller diagrams for the planatary wave comgpcnents
o0f *ke forecast and the aralysis (Figs. 223 ard b) bcth show
a shift frcm the sole dominance of wavenumber 3 tc 3 shared
domirance wi<h wavenumber 1 by 72 hours.

The fcrecast phase speed erroc of the model is negligibls a<

cast too

11

this point. The wavenuwrber 3 f=zazurzs are feo:o
strorg as a zesult cf +the 20% ovarforacast by <he model.
Examglss ipclude +h2 troughs at 1102 and 150W ard <he tidgss
a+t 80W and 30%, Az 120 hours +the mcéel shifrts izs maximum
activi-y <c¢ waverumber 3 whil2 the azmosphsre shcws a2 dis-
tinct wavepumker 1 signature. Now +the NOGAPS wavenumber 3

sa=vres, tbs «czcughs at 120E, 60W and 35E and ths -idges a%

rh

85W and 25E, are much toc st-ong. Fig. 23 graphically pres-

ents the 100% cverforscast ¢f +the wavinamber 3 componen= by

-3
=
1)
Cal
o]
{3
I
of
}a
0
o]
n

of the ridges at 854 and 35E &ze =sxcellen+,
but the “rcugh a% 120E has been errcnecusly retrcgraded 15
degrees. Aac*ther interesting aspect of <this case (s tﬁe
t2trcgressicn ¢f the planetary wave which originally was a=
150W. NOGAES handles this phase shif<s vsry well.

Wizhin ¢he lcng wave group the signature of wavenumber S

persiets through 72 hours ia both <+ha msdel and analysis
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Figure 22.

par<icalarly in thase speeds.

(Fige. 243 ané¢ 1).

0.0 70.0 29.0 210.0 100.0 150.0 120.0 9.0 6.0 3.0 0.0 -3%.0 -60.0

LONG] TUDE { GEGREES )
Same as Fig. € except for 22-27 Oct

A general ccapariszson c¢f observed and

foracast 1lcng waves shows gcod agream:n« on +his scale,

The model urnderforacas=s <=he
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TTTTANALYSTS WNT TOPONENT (SOL10)
FORECAST WN3 COMPONENT (DASHED)
120 HOURS (27 OCT)

$800.0

a— Lo-9.
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: Eg- - - -
| = Ceor” ‘.0 ‘0.8
| ¥
=e
384
il
Yo
! g \J T
f 30.0270.0 210.0 210.0 180.0 130.0 1:0.0 9.0 0.0 3.0 0.0 -X.0 -0
! LONG I TUDE (DEGREES)
Figure 23. Wavenumber 3 component for Cas2 3., Sane as Fig.
9 except Wavenumber 3 fo:z 27 Oc=.

s=rarg=-h <¢f savemimbsrs 6 and 7 precducing sligk=ly wsak
anplitudes in the -2gion frem 30E <o 120E.

Hcwever, ¢ty 120 hours both obse-ved and <£forecast ra=-
terns show a cuel dominance in waverumbers 5 ard 6 with th?
model ampli“uds & liztle toco weak in wavsnuaber 5 and 2 1li=-
rle tco sTrong in wavenumker 6. In the last 24 hours of th2
forecast pecicé =he a:tmosghers intzoducad a sixth =rough arnd

ridge by a gereral retrograding of cerzain sxisting fea<n:ces

(1]
P

(180% =0 4CE) by 5 ¢c 1C degrees of loagictude. Thz mcd
intrcducad a six+h rough and ridge by a rapid sastward
movement of cartain features (25W% =o 140E). This inccrrec+
m2*hed of hanéling the dc¢sinanca shif:t <cesulted in phass

speed errors in *he range of 5 to 15 degrees :co fas<.
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a)

TINE(HOURS )

TIME (HOURS)

LW FCST AT 42.5 - 47.5N 0-120HR

0CT 22 - OCT 27

"~ 30.0270.0 240.0 210.0 B0 10,0 120 9.0 8.0 3.0 0.0 -30.0 -8.
LONG} TUOE (DEGREES )

LW ANALYSIS AT 42.5 - 47.5N
0CT 22 - OCT 27

.
L

[)°

n.ozﬁ 20.0 zfa.;) 180.0 1%0.0 120.0 $0.0
LONG]TUDE (DEGREES?

©.0 2.0 00 -30.0 -6.0

Figure 24. Same as Fig. 10 2xcep+ for 22~27 Oc=

In the mzdium wave group (Figs. 252 and b) <he mcdel

correctly tegan with <the sigrature of wavenumber 9, wmain-

zaired it thzcugh 72 hours then shif<ed <c wavenumber 8
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a) MW FCST FOR 42.5 - 47.5N 0-1204
0oCT 22 - OCT 27
g
2
[
120.0 —— -y ¥ Y 4 v L 1 8
30.0 0.0 240.0 210.0 180.0 150.0 120.0 90.0 6.0
LONGITUDE (DEGREES)
b) MW ANALYSIS AT 42.5 - 47.5N
OCT 22 ~ OCT 27
0.0 p—
24.0
@
% 4.0
z
£ 7.0
fe=
9.0
120.0 i

0.0 70.0 240.0 3210.0 180.0 150.0 120.0 9.0 8.0 .0
LONG 1 TUDE { DEGREES)
Figure 25. Same as Fig. 11 except for 22-27 Oct

dominance ty 120 hours. 8¢c+h diagrams show <hz2ic- lacges<

amplitudes in ths zagion from B80E <o 1204. Overall “he acd-

2ltg amplitudes are %*co weak as 1a rfesul: of consis*an<ly
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underfcracasting the strength of the medium waves. The
phase speeds are toon fast by apprcximately 10 dsg-ess 2 “hs
regicn from 2CE to 160E,

Ths resuvlts of case 3 indicate NOGAPS erronsously
shifted “he pflaretary wavepumber domirancs ir“o waverumktsr
3. The error w2s large enough o sigrnifican<ly effect <he
amplitudes of all the wavenumber 3 feazures. NOGAPS plansz-
tary wav2 phase sp2ed was excellent a:t 72 heuxs and s=ill
good by 120 hecurs. The forzcast amplizudes of +*he leng

waves wer€ only slightly sscoth2ad and long wave phzass spzsads

[t

war2 excsllent a+ 72 hours but too fas: by 120 hours, Th
medium wave arplitudas were smocthed and phase sresds wese

+oc fast.
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V. CCNCIU S AND SUGGESTIONS FOR FUTURE
SCNCIUSICNS sz_x_g%j—u— EQR FUIURZ

Ir this study one *hrec-day and two fivs-day NOGAPS 500mt
forecasts were spectrally verified. The cases were chosen
<o reflect +hree differern- planestary acd 1oag wave si+u-
aticns. In Case 1 “Lke 5C0mb pateern is chacacteriz=sd4 by a
vigcrcus thres wavs pattern. In Case 2 a formazicn cof a
bleocking high and a shift o0 a low index flow domira<e *hs
500mk pattern while Case 3 dsscribes th: breakiown of a

biock and a shif* to2 2 high index flow.

Twc analysis *echnigques ware used to study <+he cbse-ved
and fcrecast stectral statis<ics. The amplitudes of cach
wavenumber in ths analysis and <he forscast are cempared acs

-]

key pericds durirg =he fcrecast and Hovmollsr diagrams a

"

prepared fcr key wavsanumler groupings €following Baumhafns:
and Lcwney (1¢€78). Waverumbar componeats wers grouped in<o
planetary (waves 1-3) 1lcng (vaves 5-7) and wmedium wavas

(vaves 8-12) arnd dsplayed ca trough-ridge diagranms.

In all three cases the most serious sr-Iors Wwars concen-

tzated in the fplape-ary wavas., The model coasistantly
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failed to correctly predict large amplizuds charges iz <he

individual glanetary waverumbsr components. NOGAP?S bho*th
predict2d large ampli+tude changes which 3id not cccur in tha
observations and failed %o predic:t lazge amplitude changes
whickt did c¢ccur in the analysis. In Case 1 the mcdel for-e-
cast ax 2rronscusly large amplitude incrsase in wavenumber 1
while in Cas2 2 NOGAES smoothsd the wavenumber 2 ampli=ude
which had increased drama<ically ir ths analysis. Bzsed cn
these three cas2as a systematic error can not be established.

$ in *hs2

W

The erroneous arplitude shifts caused 3iffezenc
waverumber signatures and made <stimates of phase spezd
errers difficul+. Wherz diract <coaparisons could be 1nade,

planetary wave phase spea2ds were accurately forsecas:.

The long wave group (waves 5-7) was th:z most accura=zely
foracast by NCGAFS. (Cverall amplitude and phase steed char-
actaristics were well predicted although amplizudes warz
slighzly sgxcc“hed by the mcdel and phass speeds tsnded %o t=2
slightly toc fast in the =r2gions of increased long wave
activizy such as in Case zZ. In cthar zegions of both slow
and fast wmovsmert the modz2l showed a high degres cf phase

spesd accuracy.
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The medium waves (€-12) verification exhibited som:z sys-
tematic 2rrers, NOGAPS tended to smoorh the amplitudes cf
~he rediur waves to ttke pcint where key features wers often
lost. Also pkase speeds of <1e medium waves were generally
<30 fast in <he model. Sgpecifically, examplas of fast phassz
speeds in Case 1 are in the zegion from Q0E =0 120E, in Casz

2 frce 18068 <c¢ 30% and in Cas2 3 from 20E t> 160E.

Several sucgestions for future research foilow from %his

namber of forecasts spectrally vezifizad

study. Firs+, <h
should ba increased. Ncw that the specsral vezificatizn
software has bkeen prepared, <he wvezificazion cculd be dcre
rouzinely. Tre goal of th: increased numbe: of casss would

be t¢ Jdocument sys-wematic spectral 2rror-s in NOGAPS.

A sscond@ area that shc¢uld be investigatsd is *h2 rzsla-

(o]

ioaship tevweer +*he strergth ¢of <he ci-cumpclar ver-ex an

t3
ct

h

[{]]

-
E

*he forzcast phase spesd error-s. Variazicn

n

Javsrumber zero ccmpenent can be found by comparing gradi-
ents ¢f the mean height of <+h2 foracast %o the observa%ica.

"
.

§o-

The stcangth <¢f the circumpolar vortax may be a faczo:

the phase speeds of tle skcrter synoptic waves.
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A thirzd suggestion iavolves ~he question of <ha cptimus
north=-scuthk interval for verification. This study us=2d

eight degrees of latitude for Case 1 ard five dsgrezs for

B Cases 2 ard 3. Further «<s*udiesz shouid examire zhe effects
of narrover c- wider latitude bazds ia the analysis. Sipi-
larly the effects of 1lz2+itude varizzioas or waverumbers

rert la%i=u

Q
[}
m

th
14}

could be determined by usipg da=za from dif

(60N, 30N, 3%¢).

This stuvdy illustrated *+hs uzwility of diagroszic verifi-
caticn techriques fcr study of cp2rational num2rical prs-
diczicn mcdsls. Fyture Improvem2ant ian NOGAP3 forecas:
skill, particularly in <he medium rangs, is dependen- ix

part ¢n the ccazinuirg study of the modzl <o isclate i<s

strerng:th and weaknressss.,

ki,
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