
CHAPTER V - SUMMARY OF FORECAST VERIFICATION

1. ANNUAL FORECAST VERIFICATION

a. WesternNorth PacificCkwan

The positiongivm for warning times and those
at the 24-, 48- and 72-hout- f0rec2m tm were

verified against the final best track poaitiom at
the sank?valid times. The (scalar)forecast,cross
track and along track errom (illustratedin Figure
5-1) wera then calculatedFor each tropicalcyclone
and are presentedin Tables 5-IA, 5-I.B, 5-lC and
H-D. Figure 5-2 provides the frequency
distributionsOf fOX’eCaSt errem in 30 m irl~t.2

for 24-, 46-, and 72-hour forecasts or all 1986
trcpical cyclonesin the westernNorthPacif’ic. A
aumationof thetneanforecasterrora,as calculated
for all tropicalcyclonesin eachyear,is shownin
Bble 5-2A. Table 5-2B includes cross track and
along track errora for 1986. A CCX@ariSOtlOf the
annualmean forecasterrorsfor al1 tropicalcyclones
= ~ to those tMPiCSl cyclones that reached
ty@Cxl intensitycan be sam in Table 5-3. The mm
and mdian forecast errors for 1986 aa ccqarad to
the ten previousyeara are graphedin Figure5-3.

Best Track

Forecast
Tangentto Position
BestTrack

ATE

Figure 5-1. Definition of cross track error (flE),
along track error (ATE) andforecast track error (FTE).
In this example, the CTE is positive (to the rigAt of the
Best Track) and the ATE is negative (beAind or slower
th.n the Best Track).

TABLE 5-1A. INITIALPOSITIONERROR SGWIANYFORTNE W2STENNNORTNPACIFIC
SIGNIFICANTTROPICALCYCLONSSOF 1986(ERRORSIN NN)

TROPICALCYCLONE NttNBER
OF

SNRDR HARNINGS

(Olu) TY JGDY 16 21

(02W) TY KEN 17 18

(03H) STY LOLA 26

(04W) m WAc u 15

(05W) TX NA)lCY 23

(06u) TB OWSN 16 :;

(07W) STY PSGCN 11 35
(GSU) TX ROGER 12 19

(09W) 7S SARAN 55
(llE) TY GEORGETTE 16 :

( 10H) TY TIP 24 25
(Ilu) TSVERA#l 54 7
(llW) TY VSRA #2 17
(12W) TY UAYNE 14 $

(13W) TY ABBY 19

(14it) TX BEN 22 i:

(15W) TY CANNSN 15 27

(16H) TS O@! 25 11

(17il) TY WLSN 14 33
(181i) TX FORREST 18 19

(191t) TS GSDRGIA 10 15

(20N) 7S NERBERT 26 16

(21H) TS IDA 32 22

(22W) TY JOE 12 24

(23H) STY KIM 52
(241i)TE LEX E 8
(25M) TY NABGE 29 38
(26H) TY NORRIS 17 41

NEAN 21 ToTAL m
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Figure 5-2. Frequency distribution of the 24-,48-, and
72-hourforecat errors in 30 nm (56 km) increments for
all sign@ant tropical cyclones in the western North
Paci#icduring 1986.
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!7ASLS 5-lB. 24-S00S P02BXSY 2WQR W2MARY PDS TS2 U227SRS 20s’7s PACIY2C
SI02221CAU7 7SOPICAL CYCWl&3 DP WS6 (S2S0SS Ill 2H)

TROPICAL OYCWIS ~RMsss ALOKGTRACK
SsRal

CROSS TsA!x
or UISOR E21Rca

4YAS23HOS am I16G ● BIAS ~ ASS SAG* BIAS ●*

(OIM) 72 JUOY 13s 17 -36 93
:

-78
(02W) TY Km ?8 15
(03U) m LoLa 130

31 -16
22 loa -u

(OW) Ts nkc
63

123
-43

11 %
(03u) 72 NASCI

-56
104 11

55 11
-92 32

(06w) Ts OUm 70
20

18 % -15 22
(on) STY PSGOX 68 31 36

-9
-1

(D8H) TX ROOSR 73
29

15
( 09ii)

-19
Ts SARAS 273

: -18
18 2 -177 153 -104

(11s) n G20WSIT2 134 19 9* ~;: 87
(low) TX TIP 124 23

-72
}14 107

(1141) 7s VssA ●1 150
-107

(llW) TX Vm t2
76 123

131 a: %
122

-:;
(12U) TX WAY28 124 53

29
101 -s9 $

(13U) TX 688X 104 26
(l*M) TX Ssll

79 -37
112 42 61

;
: -42

(151f) TX CAlwm 23 57 -;
~

54
(l&r) Ts m 9 56 -12 74 &a
(lTM) 7’2 M.Aml 78 29 42 -4
(NH)

-2
TX msssm 1% 16 171 -138 z -17

(19W) TS GSOROIA 14 67 -6I
%

46
(2(W) 7S SS8SSRT 11
(21U) ?S IDA

31 77
139 19 -u

$
84 -24

(22N) TX JOE 169 22 2 142 62
(23H) STY KIM 116 51 82 -V6 76
(24W) Ts Lsx 78
(all) TX NARo2

41 62
;,:

x
3; 92 -5: 6s

(261f) TX 20SS2S 39 84 -75 13 :

G 3 G T = T T

S APSIUc = Abmlute tlagnitude (dletmae)
S* BI~ ~ t~ ~~1~ (.id~e v~w) @ t~ _Ple.

Sote: TO maeum fomdeet Omt.4at with mletlm to e tmpioal ayclme txeok
refamnoa f rme umsa Week end 82dns tmdk emdm ~enta have baa
pierated in additica to the mud @-t errors.Speclfioarollow:

1. cc0s3tmak errordapment is a -m Or how rm a wamins positionin
displaced left w rip,ht C# tha bat timk poaltlm. The MDPle.Y mnslat & two
parts: the aiwoluto Msnituda (distande) and the biaa (negative vnluee (*1ow
slsn) were left @ track and positive values (plus. e.isu) UDM right dr t?aek).

2. AhIS tmdk mmp ~~nt 20 a W-W Or hdw r= th -iq pOdtim
w displmed ebead or behind tbe teat traok pdaitian. It●lsodonelnta& tw
PW.S: the abmluta ~itUOe (dietaaee) and the blaa (negativevuuea (Binua
elm) we?a Mhind/eldn snd pwitiwe Tsluea(plusaim) worn ahead/fact).

TML2 5-lC. 48-S04JR PORStAS72RSGR SlSWARYYOR TSSNSSTSRN HOSTS PACIFIC
SIWIFIC6XT 7ROPICAL CICWMSS OF 1966 (SYUU)RSIll HH)

TROPICAL CYCK61S PoRscAsr 2UmsR 6L02G TS6CK CRWS TRAC2
SRRm SRRolr

webs
Sss08

ASS HAG BIAS ASS HAG MM

(Olw) TX JUDY T’ 11 310 -316 85 -75
(02N) TX 2SII 178 14 125 86
(0310 STY LOLA 326 18 292 -iz 103 -’/0
{04U) Ts IIAc 1ss 7 147 -22
(owl TX NA2sY

103
199 7

-79
1s0

(D6u) 7s 041m
-173 60

140 114
(m) STY PsGG2

-64 72
172 :

-;
100 a 117 110

(D8W TX RbGSR 105 9 83
(D9w Ts SAS6S

-14 3s
671 14

-3s
SW -497 -394

(11,2) TX ososGmTs %3 17 1s7 2% -269
(1OU) TX TIP 447 18 362 -$: 194 -191
(llU) Ts V2s6 ● 226 1 2Q7 --
(llM) T2 vk26 #2 269

9? —
-137

(12H) 72 MA22S
169

274 % 22 -215 109 U
(13M) 72 622X 160 9 107
(14W) TX m 204 z 124 26 131 -:
(15W) TX cAM2Gl 140 19 104 -70 6s
(lAN) ?s m 60 4 18 -4 -;:
(17N) 72 m2.#2 159 25 17 1: al
(lsll) TX PoRRssY 345 12 3% -257 124 -57
(19w) TS GSORGIA 226 12 192 -198 101
(2W) 7s SmlsmT 130 8 106 103 33 z
(21W) Ts IM 236 15 147 -123 147
(22N) TX J08 508 18 227 -22 424 ::
(2341) STY 222! 2& 51 167 -62 210 -54
(24w) TS 2,S2 1s9
(25U) TY nAsGS

131 -117 112 -24
233 3! 16s -97 139 89

(26M) TX IKISS2S 254 35 171 -151 168 108

G Z& g G G % m

I
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TABLE 5-2B. 1986MEAN FORECAST, CROSSTRACKAND ALONG TRACK ERRORS
FOR THE liESTERNNORTH PACIFIC. (ERRORSIN NM)

FORECASTERROR: CROSSTRACK ALONG TRACK
FORECAST ilBSMAC BIAS ABS HAG BIAS

24-HOUR 121 70 (-4) 85 (-50)

48-HOUR 261 151 (-12) 183 (-115)

72-HOUR 394 227 (-12) 276 (-170)

TABLE 5-3, A2110JAL)P2A8 POR2CA2T 2RWM2 POR THE UE27ERM NORTH PACIFIC
(2RRORS ARE W NAUTICAL W&2)

XBAR
—
1930-1932
1939

1960
1961
1962
1963
196h

117 ,, 354 ●*
136 274
1m 287
127 246
133 284

1965 151
1966 136
t 967 125
$968 105
t 969 1*1

1970 104 98
1971 111 99
1972 117 116
t973 ~08 102
1978 Im 114

303
220
276
229
231

190 181

212 203
245 245
197 193
226 218

476
378
429

418
432
414
337
349

212
308
362
245
357

1975 t38 129 288 279 450 462
1976 117 117 230 332 336
197’8 148 140 283 2? ko7 390
1978 121 120 271 2b1 410 459
1979 128 113 226 219 316 319

1980 126 1*6 243 221 389
1981 123 117 220 215 334 ;E
1982 113 114 229 341
1983 117 110 L? 2*1 *O5 ;Nq
1964 117 110 233 22a 363

1983 1*7 112 231 228 *7 335
1926 121 117 263 261 39h 403

. 8inwcM2s wm vmified8AM the TrGvica2 C2alma inzaisitieawm over 35
(18 dseo).

● p~-t ~slt,im mm & 35 ,jggj.bea ZOrth Lstituoe Mare mt v*rlflOo.

Western NorthPacific Errors

“~

..

B

Figwe 5-3. Annual mean forecast errors (in mm)forall
r.r@col cylones in the nestem Nonh Pa@ic.
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b. NOtit2IndianOcean ~ is the fbrecaatalongtrackandcrosstrackerror
,. aummy for the North‘Indi& Ocean. Table 5-5A

‘Ihepositionsgivenfor warningtima and lizoee conteima su5ary of theannualmeanforecasterrors
at the24-,48-,and72-hourvalidtimeswem verified fOr each y-. Table5-5B includescrossand along
for tropical cyclomain theNorthIndianOceanby the trackerrorfor1986. Fcmsce9terrorsareplottedin
samemethodsusedfor the westernNorthPacific. It = ~ (Seventy-twoh- forecastermra wem
ehculdbe mted thatdueto lowmrsberof NorthIndian
Oceantmpicel cyclones,theseerrorstatisticsshould

evaluatedforthe firsttimein 1979). Therewereno
verifying72-hourforecastin 1983and1985.

not be takenas rqreaentativeof any trend. Table

TA8LE 5-4. FORSCASI BSKUR SGWURX mn ‘7s2 Noms INDIAN WEAN
SIONIFICAN7IROFICAL CYCU2NSSDF 1986 (ERRORS 2S NM)

INITIALPOSITION

TROPICAL NLMBEROP
CYCLJ2NE SIWJR MARN2SOS

Tc OIB 36 17
Tc 02B 70 2
m 03A 78 9

I!2AN z 70TAL ~

24.s008 Fos2asTs

TROPICAL FORSCASI ALONG7AACK CROSS TRACK
CYCLONE same SRROR ERROR

AM )!s0 BIAS AM Km BIA8

Tc OIB 78 59 -% 86 -41
7C 02B -- -. -- --
TC 03A 259 2W7 -2W 69 -&

c z iii T 53 -7

WMS2GR msswms

TROPICAL FOR242A27 ALONGTRACK
CYCLCWE

CR08S TRACK
ERROR SRRCR SRRC9

AB8 HAG BIAS AB8 MAC B2A8

TC OIB 129 89 -89 74
m 02B

-75
— -.

7s 03A 401 384 ;; , ;; ;; ●

= = G x z =

72-SOUR FOlImT8

7ROPICAL FWISCAS7 ALC410TRACK
CXC2.0N2

CRD9S TRACK
SRROR Ssmsi SsRlm

ABs NAG BItS SSS MAG BIAS

72 016 269 189 -190 1s0 -1 S2
7C 02B -- -- -- -- --
m 03A -- -- -. .— --

? % m x 1s0 -182

● SAHPLS7008P!A2L 70 CXMPVTSMBOIANPORB2AS.

TSSLS 5-5A. ASSVALM2AS FoMcAsT 2SM)R2FOR TSSSW17S31101AS 0C2A2

24-wc41E “ 48-SOUR 72-SOUR
Y2AR mRw.xsr R2m7-AnoLs FORPXXS7 R20S7-SNOLS
—

FOR2CAS7 S20S7-A2GLS

1971 ● 232 “- 410 -- — --

1972 ● 224 101 292 112 -- —

7973 ● 982 299 160 — --

1974 ● 137 8? 238 1~6 -- -.

1975 345 99 228 144 — .-

1976 138 108 204 159 -- --

1977 122 9* 292 214 — .-

1978 133 86 202 128 —

1979 151 99 270 202 437 G
1960 115 73 93 m 167 126
1981 - 109 65 176 103 19?
1982 ● * 138 66 368 175 762 4X
1983 - 117 t 53 67
1984 ● * t54 7? 274 127
1385 - 123 51

z YG
242 109 -—

19s6 134 -* 16s ● *W z -*

● IWSUSS7KRN BAY OF SMPOSLASD ARABIAN SSA_~2HXJ3D2D32TSB
J7ucssssoF s2SF02SIBIL2TY S3172L 7SS 1975 7ROPICAL CYCL02S SSASCN.

● - 7SS 7s4SSIIQVS FOR CALCSLA71H0 RIOST-SMOLS =Rm MS RSYISm III 1981.:
7SSSS208S, A DIRSCT cORRms71m Ill R2GN7-ASOL8 STA72BT2C8 Cs2m7 BE ICAOE
mR7ss22isoRs cwFllTm B2F08S 1981 MD 7SS ~ CC4PPSIBD S2X8 1981.

-a ~ 19~ ~~-~ mm MM ~~~ By ~ mm -R (~ m-

5-1 FOR 7SS D2FIIIITIOSOF CRO= T8ACK EIROR).
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TABLE 5-5B. ANNUALMEAN FORECASTERRORSFOR THE NORTH INDIANOCEAN
(ERRORS IN NAImCAL MILEs)

FORECASTERROR:

YSAR 24-HOUR 48-HOuR 72-HOUR

1986 134 168 269

CROSSTRACK ERROR:

24-HOUR 48-HOUR 72-HOUR
YEAR ABS MAG BIAS ABS 14AG BIAS ABS MAG BIAS

1986 53 -7 80 -49 180 -182

ALONG TRACKERROR:

24-HOUR 48-HOUR
YEAR ASS MAC BIAS

72-HOUR
ABS MAG BIAS ABS HAG BIAS

1986 118 -118 131 -134 189 -190

North Indian Ocaan Foracaat Errors

Amual MR8na

SW

0
1

nz 24 HoIJrMenn

+ 4a HourMMul

* 72 Holn MEan

\

; 1978 1900 19S2 19s4 1986 1!

Yaara

Figure 5-4. Annual nuanforecast errors (innm)for d
Wopkal Lyclonl?sin tkNorthIdian Oaan.

98

c. SouthPacificandSouthIndianbeans

Verificationstatisticsfor t%recaatain the
aouthem hcsnispherecanbe obtainedfrcmtharaw data
aetaaidressedin Anmx A.
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2. COMPARISON OF OBJECTIVE TECHNIQUES

a. Oeneral

Cbjective techn.iquea

into five main categoriei3:

used by J’lW am divided

(1) extrapolation;

(2) Clmatologicalandanalogtechnique;

(3) -1 outputstatistics;

(4) @nauliemodels;and

(5) El@ricsl=v3analYtMaltechniques;

In Septmher 1981,J’lW beganto initializeita
array of objectiveforecasttechniques(deacribd
below)m the six-hcwrold preliminarybeat track
Positicn(an interydativeprocess)ratherthan the
fomcaat (partiallyextrapolated)warningposition,
e.g.the 0600Zuarnlngis nim stK@rtedby objective
techniquesdevel* franthe 0000Zprel~ beat
trackposition.‘Ibisoperationalchangehas yielded
severaladvantagea:

~hniquee canw be mqueatednuchmrlier in
thawarningdevelopmenttimeline,i.e.es eom as the
trackcfulbe SpprOXilB3tSdby CSISCS’HOI’SfiXpOSitiOm
afterthevalidtimeof theprevious~;

%eceiptof theaatechniquesis virtuallyassured
prlcrto thedevelqxnentof thenext~; arxl

%lproved(man) forecaataccuracy.‘Ihlslatter
aspect arleee becauseJIW non has more reliable
appoximtion of the short-termtropicalcyclone
rev-t . Further,since moat of tlE objective
t@htliqUSSare biasedtOWS1’dSper’SiStSnCS,thiS MU
~ optimizestheir peI’fOlllWl@- provides
mre Consistmt guidanceon short-tam mov@E5nt,
indirectlyyieldinga more accurateinitialpoaitim
estimatees wellse lowering24-hourfomeaat errors.

b. Descrlptimof ObjectiveTechniques

(1). XTRP— Forecastpositionsfor 24- and
M-hours are derivedfrwnthe exteneimof a straight
Mm uhlch COmSCtS the mst ~t and 12-hcnu’old
preliminarybesttrackpositions.

(2). CZIIBl- A climatolcgicalaidpmvidirqf
24-, ~, and 72-hcur tropicalCYC1OM forecast
positions(andintensity~ in theweatem North
Pacific)baaed upm the poeitim of the tropical
cyclone. ‘Iheoutputiabaaed upondatarecon39fruil
1945to 1981 for the westernNorthpSCifiC Ocean ad
1900to 1981fortheNorthfidianOcean.

(3). ‘mW – Forecast ~itiona era
generatedfmn a blendof climatologyandperaletence.
‘I?Is24- and M-hour positionsam equallywei@t.ed
betweenclimtol~ endpereiatm&!endthree@era
climatologyandperai.atmce,respectively;the72-hour
positionis me quarter~iatence endthreequartera
climatol~. PeralatanceIs a straight1* extenaim
of a line comecting the currentend 1.2-hourold
positions.Climatologyis baaedcn datafrun1945to
1981for theweetem NorthPacificOceanand 1900 to
1981fortheNorthImlienOcean.

(4). ‘NAN— An updatedanalogprogramwhich
c-w the earlier VWSiO~ m 75 md INJAN74.
‘Ihep~ scam a 30-yearclimatologywitha similar
history(withina specifiedacceptanceenvelope)to
the currenttropicalcyclme. For We westernNorth

Pacific Ocean, three forecaat9 of poeiti(xl and

intensity are pI’OVidSd for 24-, ~. and 72-hours:
FUWi- a weightedmeanof all tropicalcyclmeswhich
were categmimd se Wecur@@ _ their beet
trackperiod;SIRA- a weightedmeanof all accepted
tropicalCYclmaa which wane cat~orir.edas mov~
‘straightR(westward)duriq theirbesttrackperiod:
.lurL- a weightedmean of all acceptedtropical
CyCIOMS, iIIChd@ thOSeUS* ill= ~ and ~
forecast. For the North Indian Ccean, a single
(total) forecaat track @ providedfor the 12-hour
intervalsto 72-hours.

(5). amm — A mdel outputstatistics
(IHIS)routinebaaedon tbegeoatrophicsteeringat the
85o-, 700-, and 5= levels. The Steermlgis
derivedfrantheHATIWX pointadvectimmdel runcm
Olobalprognosticfieldsfrm the FmmmmmN’ s
NooAPspredictionsystem mamsforecaatiathm
blendedwiththe6+our paat mvemmt to generatethe
forecaattrack.

(6). One-way Interactive‘Tr@cal Cyclone
Model (CYl@ — A ~, t-layer in the
vertical,primitiveequationmodelulth a 205kmgrid
spacingover a ~00 x 4700 km danain. ‘Itlamodel$s
fields are cmqwed around a ~, digitimd
cyclone vortex using ~’s Nmarical
VariationalAnalysis(NVA)or NCGMS prcgnoaticfields
forthe specifiedvalidtime. ‘he pastmticn of t~
tropicalcycloneis capered to Initialsteering
fieldsand a biascmreetim Is cmputed atxlapplied
to Me model. ~’s MX3APS global
prcgnoaticfieldsare used at 12-hourintervalsto
updatetliemodel’sbomdariea. ‘Itlamaultantfora?aat
positionsam derivedby locatingthe850mb vortexat
SiX~ intervals to 72-hours.

(7). Nested‘li’oPIcalcyclonew (Nlcm)—
A primitiveequationmodelwithpropertiessimilarto
the UTtx. ‘lheNIU ldifferabycontainingafiner
scale ~ted ‘grid,initializingcm WA analysis
fiel&i cmly, not contaidng a (paraieteme)bias
correction,emd being a charnelIIXNM nhich runs
T of ~’s pmgnoatic f ield9

it @es mt mqllre @atlng of ma
-es) . The WESted grldncowersa 1200x 12CKl
km areawitha 41 Iangridapaclngwhichmoveswithin
the~dcxnainto~ en850*vcmexat ita
enter.

(8). TAPT— An al@rical techniquewhich
Utm.zea lpper—tropx@wi c wind fieldsto eatiuwte
accalemtionassociatedwith the tropicalcyclone~s
Interacticmtith the mld-latitu& mterliea. It
Includesguldelineafor the durationof acceleration,
~llmita, endprobablepathof thecyckme.

(9). cum — A statistical~cm
techniqw W on climatology,currentIntensity,
pcaitionmd paatmovement.lhi.atechniqueis usedas

Omcaet SkillUhm Verifyirugacrudemeaeureofrealf
fomcaataccuracy.

(10). TliEl?A-E— An e@rically derived
relationshipbetween a tropicalcyclone’sminimsn
sea-levelpressure (FISIP)and 700 * equivalent
potentialte!parature(’lheta-E) was developedby
Sikom (1976)and -Van (1981).By mmitor@ WI&
SMtrenda, thefomcaatercan evaluatithepotential
forsudden,rapiddeepeningof a tropicalcyclone.

(u). WINDRADms — Follouiman analytical
uxxklof the radialprofilesof sea-levelpressures
andwindsin matum trO@CSlCyChXSS (Holland,1980),
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a set of radiifor30-,50-,and 100-knotwindsbaaed
on the tropicalcycloneis mxium winds have been
producedto aid theforecasterin dateminingforecast
Witiradii.

(12). DVORAK— An estimationof tropical
cyclone’scurrentand 24-hourfOrecaatintensityis
madefrm interpolationof satelliteimagery(DVORAK,
1984) andprovidedto theforecaster.Theseintensity
estimates are used in conjunctionwith other
intensity-relateddab andtrendato fcrecast tropical
cycloneintensity.

JIWC USeS TPAC,TAFT,TXAN78,~, m ~d
NJIMoperationallyto developtrackforecasts.

c. Teat= andResults

A ccqarison of selectedtechniquesis included
In Table 5-6 for al1 westernNorthPacifictropical
cyclones,Table 5-7 for all North Indian Ocean
tropicalcyclones. In these tables,“ x-axis “
refersto techniqueslistedvertical1y. For example
(mble 5-6) in the 470 cases availablefor a
(hanogeneous)ccwarism, the averageforecasterror
at 24-hourswas 124 m (230km) forRECRand 110m
(204 km) for C@S31.The clifferenceof 14 m (26lan)
is shownin the lowerright. (Mfferencesare not
alwaysexact,due to -tational round-offwhich
mmra for each of the cases availablefor
ccupariaon).

168



TAELE5-6. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NRSTEIiN NORTH PACIFIC OCEAN

..-——

24-XOUR2T2342AUBRROA6~. MI)
J7!wC 141K22 CLIP 0Ti24 Csw RSCR TOTL Cosn TPAC CLIH XTRP

JTuc

2JTcn

CLIP

643 122
122 0

129
0

Yvunxm X-AXIS
or ~2CEMXQUE

C!xs3s Xllslox

X-AXIS ZRROR
Z3CMIXQUXnxrrxaxmc~

Emmon m - x)

12s
o

125 505 111
-15 111 0

589 128
1 128 0

125 483 110 588 128 603 129
0 125 15 130 2 129 0

124 492 110 555 120 566 121
-4

593
122 12

121
122 2 122 1 121 0

126 489 111 571 126 585 128
-1

572 121 so-l 129
126 15 129 3 128 0 121 0 129 0

126 489 111 571 126 585 128 572 121
42

607
173 62 168 42 168 40

129 607 171
163 42 171 42 171 0

529 121
127 6

544
129

502
126

514
126

431
112

490 .121
126 5

127
-1

126
0

125
-13

127
3

127
4

123
0

502
126

475
125

407
113

126
0

123
2

127
-14

589 120
125 5

498 122
111 -11

576 121
126 s

603
126

501
110

CS034

2S2CR

TOTL

COS34

TPAC

CL2M

XTAP

499
130

510
131

505
123

463
127

472
128

480
123

125
2

561
124

575
125

567
120

589 121
128 7

124
4

124
-1

583 119
121 2

593 121
128 7

512
130

125
5

125
46

475
128

123
5

578
125

578
168

593 121 512
171 50 171

475 123
171 4a

597 120 516 126 477 123 S82 126
129

492 111
9

571
134

126 585 128
8 131 8

575 121
128 2

607
129 18 134 8 132 4

129 607
125

171
4

611
133 4

133
133 -38 133 0

JTuc NTcn CLIP 0Tc2s CSW R2CR Tom CiX24 TPAC CLIH XTRP

.7TwC 528 260
260 0

430 258
269 13.

402 254
261 7 I

J7!llC
Wmal
CLx?
Orcn
cam
REcs

rpxc

—
orncxm, mwc romcxm IMTcll

CL3P

OTcu

CS02S

R2CR

TOTL

COSM

TPAC

CL2S6

466
276

432
2S9

432
228

362
223

432
263

276
0 Ixsrxn TROnlcaL Cxcrau Immr.

cLIPrR (CImatdpy d Ru.i se. ...)
OIU-WAX Zmol?IcAl Cxsrsmx MODEL
C.s. o. mDcL (Symptie-mati .* k.1)
mcoRvn aakx#4 (Yxax ’70)
mz4L — (lTam 78)
co- (Ms.&l OrJtput St.ti.ti..]
Czmammox am mss1sr3Mcx nL3m

271
-2

432 269
269 0

402 261
225 -36

345 269
220 -49

469 256
224 -32

398 261
225 -36

476 259
262 3

27o
-42

505
231

414
224

475
260

484
260

472
243

231
0

224
0

270
-47

424 227
227 0

CUM - CLX~—
- - lz-mill! —Luzm

271
-8

402 264
257 -7

226
34

399 221
268 47

407 223
268 45

412 227
244 17

510 265
265 0

485 259
262 3

475 256
248 -8

485 258
247 -11

439
259

433
247

439
248

271
-12

407 264
251 -13

415 266
244 -22

409 263
240 -23

229
31

226
17

508 266 519 265
267 1 265 0

263
-16

480 259 486 257 507 249
250 -9 251 -6 249 0

268
-20

483
247

483
314

23o
17

230
84

411 227
255 28

411 227
32a 101

492 263 501 262 489 250 520 255
251 -12 250 -12 245 -5 255 0

485 25B
306 48

439
311

26%
43

409 263
308 45

492 263 501 262 489 250 520 255 520
308 45

316
308 46 307 57 316 61 316 0

XTRP 486 258 440 268 409 263 484 230 411
292 34

227 492 263
2E9 21 270 15

501 262 489
290 60

250 520 255 520 316 521
299 72 298 35 297 35

299
288 38 299 44 299 -17 299 0

72-EooR ETE M2A3i ERRORS (B. M3)

JTwc RTc24 CLIP 0Tc61 CSUM R2CR TOTL Cosn TPAC CLIM XTRP

406
392

392
0

396
42

397
17

JTiic

M’rest

CLIP

332
438

386
457

457
0

312
414

363
430

460
-30

363
430

430
0

315
348

OTCM

Cson

RSCR

404
-56

401
-55

397
17

218
356

449
-93

300
354

414
-6o

369
355

355
0

283
346

288
346

458
-110

279
346

429
-83

301
346

347
-1

335
349

349
0

360
414

355
426

455
-29

336
425

426
-1

349
74

341
423

314
439

320
418

324
406

342
97

345
73

351
55

416
423

423
0

TOTL

COS61

TPAC

367
387

398
-11

398
31

397
-56

363
399

455
-56

341
393

427
-34

349
409

351
58

414
408

422 424 406
-14 406 0

359
429

358
428

450
-22

34’8
430

428
2

343
399

352
47

3e9
435

423 398 402 414 431
12 435 33 431 0

368
341

361
376

448
-72

341
375

425
-50

349
380

355
25

322
388

322
437

350
38

350
87

39a
369

421 407 404 396 437 423 376
-52 371 -33 377 -60 376 0

cm 368
371

397
-26

361
421

448
-27

341
421

425
-4

349
428

355
73

398
407

421 407 404 396 437 423 376
-14

423
410

417
6 419 -18 417 41 417 0

XTAP 364 395 355 447 335
468 73

422 344 357 318 35o 394 419 401
463 16 461 39

402 392
470 113 498 14B

440 417 374 417 414 418 478
476 57 477 75 472 32 477 103 477 63 478 0
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Tm.E 5-7. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NORTHERNINDIAN OCEAN

24-VIWS m“ m ~ tn. M2)

.73wC UrQl OTa4 ItXcn ToTX. T9AC CL224 XTRv

J2w 134
Ii: o

Svm#xa
Yra4 13 13B

X-AXX9
15 137 or TscmxIoos

137 -1 137 0 CA8V8 -n

mm 11 160 9 178 11 277 X-AXX9 XRaon

277 117 271 93 277 0
m9m1wx DXVYX8XUCI

-n 4X-XI

R6C61 12 141 150 9 270 14
i’:5 -5

143
140 -1 150 -120 143 0

Tom. 8 189 8 191 6 303
182 -7

177 10 177
190 -1 199 -104 1-H o 177 0

mm 15 140 14 146 11 277
164 24 163 17 1B8 -m

1~~ ‘$; =1:: 1’:

U231 15 140 14 146 11 217 14 143
1s3 43 179 33 211

10 177
-66 177 34

17 162 17 176
233 S6 176 15 136 0

XT91 15 140 14 146 11 277 14 143
153 13

10 177
1s5

17 161
9

17 176 153
173 -104 140 -3 174 -3 153 -8 153 -23 1:3’ 0

48-men VT2 N2An Z3ROS3 (u. MI)

JTwc 2vrQ6 Oral R2c3 ToxL T9AC CL2M XzUQ

Jmc

2r2a

0?u4

93CR

m

T9AC

CL31v

168
lm7 o

6 129
208 79

2 134
528 394

4 200
232 32

1 401
4S9 S8

6 179
162 -17

6 179
170 -1

a 199
199 0

2 2S4
328 274’

3 247
1s7 -90

00
00

7 209
118 -91

7 209
102 -107

2 s2a
328 0

2 328
98 -430

2 528
68 -44o

S 249
249 0

- Wrzcxax, .lxwc —

2 387 2 227
397 0 387 0

5 249 2 357 9 174
211 -39 370 -17 174 0

S 249 2 327
207

s 1?4 9 170
-42 408 21 170 -4 170 0

XTRQ 6 1’79 7 209 2 528 5 249
172 -7 1s3 -S6

2 397
135 -393.

9 174
220 -29 34s

9 170 9 196
-42 196 22 196 26 196 0

JTw R2u6 mm T9AC CL261 XTs3

JYwc 269
26; o

16TC26* S 269 5 438
438 169 439 0

0xc3v 254 1 400
102?5

1 1015
761 1015 61S 1015 0

T9Ac 4 296 4 451 1 1015 4 142
142 -144 142 -209 1B2 -832 142 0

CL234 4 28C 4 4s1 1 1015
1s2 -134

4 142 4 lti
152 -299 166 -049 152 10 152 0

XTR9 4 286 4 451 1 1015
196 -90

4 142
196 -255

4 1s2
229 -78S

4 196
196 54 196 44 196 0

.
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