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An Improved Procedure for El Ni Ao Forecasting: 
lmplieatisns for Predictability 

Dake Chen, Stephen E. Zebiak, Antonio J. Busalacchi, 
Mark A. Cane 

A coupled ocean-atmosphere data assimilation procedure yields improved forecasts of 
El Nifio for the 1980s compared with previous forecasting procedures. As in earlier 
forecasts with the same model, no oceanic data were used. and only wind information 
was assimilated. The improvement is attributed to the explicit consideration of air-sea 
interaction in the initialization. These results suggest that El Nifio is more predictable than 
previously estimated. but that predictability may vary on decadal or longer time scales. 
This procedure also eliminates the well-known spring barrier to El Nifio prediction, which 
implies that it may not be intrinsic to the real climate system. 

Il-iilices of El h'ii?~,, >uch aa ccluatorlal Pa- 
c i f ~ c  sea-s~irface temperature (SST! anom- 
aliea, can presently 132 preilictzil h\- ta t i s t l -  
cal moclels several rnonths ~n advance and 
I.!- physical couyled ocean-atmospherz 
mocizls at  leaL{ time> exszeilil-ig 1 year (1- 
3 ) .  It 1.; ~li-rt yet knon-n 1101~ m u c l ~  more 
roi>m thzre is tk>r improvzment 111 mi>clzl~ng, 
c>l?servation, anil fi>recasti~-ig techni i luc .  
Tl-ierr la surely a linlit to predictal-~l~ty ill- 
trinsic to  the natural systzm, a consz~~ucnce  
c ~ t  ~ t s  cllacot~c anil random 11at~irc (4). For 
rvcatl-icr prc;liction, zstimates of tl11: . 11ltrln- 
sic llmit can be made from moilels, but n.2 

L 1 0  not  havz comparahlz co~ltiilzncz that 
any i>f the cslstlne moiiels captiire the rcl- 
evant featlire5 o i  nature's E N S 0  (El Nifio- 
Soiitllern 0scillat1011) c1-clc. 

C C ~ e r  S E. Zel) ak 'L' A Cane, Lan-01:-Dole;?] Eartti 
3,:sa-,:.a:o -: Co1~.ni.~1a llr-lve - s ~ t l  Pasacles, NY 13962 
USA. 
A. J. B~.salacsh Labora:or\ -or H\:Itosciel.is PI.OC~SS- 
es hIASA Soddatcl Spase F gh- Ca -e r .  G*eeibel-, IslD 
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O n z  aurz hound on  in t r ins~c przd~ctahil-  
ity is the skill of actual prcillct~ons. A11 prlor 
forecast pri>ced~ires shonzil a markeii drop 
ot  s k ~ l l  111 torccaxts that trizcl to przillct 
across the hnreal spriny ( 2 .  5-6). Tile so- 
callzd "spring barrier" ( " a ~ ~ t ~ ~ m n  barrier" 111 

thz Sou t l~e rn  Hzrnispl1erz) has been taken 
as a11 llltrillslc featurz o t  thz climate systzm 
bzca~isc,  111 addltlon to being common ti? all 
hrecas t  moilcls, ~t appzars in auto-correla- 
tlo11s o t  obxervat io~~al  i~~ i l i czs  o t  E N S 0  (9 ) .  
T h e  results rcaorteil herz, ho~vever ,  sl~o\\-  
only a barely perceptihlc ilrop 111 the o t  
s l~ r~ng t lmc  forecast.;. Przv~ous rather pcss~- 
m i > t ~ c  theoretical zstimatzs of llltrills1c pre- 
i l ictal~~lity (5) must be revlseil i ~ ~ n - a r i l  to hz 
co~ls is te~l t  11-~th thz i~lcreasz in actual skill 
Liemollstrated llere. 

T h e  earliest of the  phvsical1~- 11~1seLl 
EXSO forecast moilels is the ~ ~ - i t c r m z d ~ a t e  
coupleil moil21 i1e.i-clopzil hr- Cane  anil Zc- 
biak (CZ moiicl) ( 1 ,  6). T h e  prziiict~vz 
ability of this moil21 has been demi)nstratcd 
er te~ls~\ .z l \ -  ( I .  2 ,  1C) but has 11i)t lieen 

su::staitaly larger f ortio-para tl.arist ons are ro: 
allo~;!ed .at 1 bar T,:" ' - 3 2 co,nr~ared to T;; 
- 3 26 10- ti-e EC~LII  br1~1.r ad aca: [S T bJasse 
a i d  D. bJ HLII-el-, ~ i i , ~ s  49. 213 ,1932;: B ,. 
Co i ra t i  and ? ,. G erasi  ,'i~#o. 57, 18.1 11 982: 
Such a 2-ad el :  s ~ i o t  cons sten- v:l-i- ttie r e a -  
sured -enrlerat~lre 11-0-1 e 'or P 5 3.6 cat In Uran~.s 
and P 5 1 lbal- In Nerltuie Fur:het note  srlest-o- 
sco1:ic obser\:atolis s~io':! t i a -  ti-e o f i -3  a r d  pa% 
n o p ~ l a - o i s  ale r E ~ J I  ::run [K H. Banes Id E. 
l\/ l~skelso~i. L. ; La-son. D. It'! Fe-cusor ,'blo 114, 
326 1199511. h e  Jse of a n o m a  lor l-te-media-e'~ 
ad2::a: c gradiert to l r o d e  rn~sro~!!a\!e spec-ra o- 
t iese plat-as ,731 r e e s  o r  -i-e liinllslt i l \not lesis 
t i a t  coi\!es: 011 ocsu*s arid s adasat c 
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s~gn~iicantl!  improvzii since the model \\-as 
first introcluceii a l~nnst  a ilzcaiiz ago. Al- 
t h o ~ l e h  this mi~del 's  przdicti\.e ikill 1s moxr 
likely limitcil h!- 1ts incomplete pl~!-sics, the 
overall skill of more compllcatcd coupleLl 
general clrc~11atio1-i models 1s 11ot s1g111fi- 
cal-itly grzatzr at  p r e e n t  ( 2 .  7). 

O n e  poss~hle llnlitation on  many ot  the 
forecast systems 1s the ~nltlalizat~on proce- 
Jure ( 1 , 2 ) .  Errors 111 i111tlal co11~11tlo11s arc a 
result ot i ~ ~ a c c u r a c ~ c s  in the obserl-at~on> and 
iictic1enc1cs in the moilels usi11o the ol~ser- 
vatlons. T11zse errors ma! he rccl~~ccd hy 
emp~r~ca l ly  tnu-icati~~g an  empir~cal ortllc>go- 
11al k i ~ - i c t ~ o ~ ~  r c ~ i r z s e ~ ~ t a t i o ~ ~  nt' the data, rc- 
talnlng larue-scale, lo\v-treq~ie~~cy signals 
and ciiscar,ii~-ig small-scale, high-t'requz~~cy 
\-arlablllty or l-io~se ( 2 ,  5 .  11-1 3).  Tlus 1s a 
comlllon proceilure in hyhriil cc~~iplcd moil- 
21s n-l~erc an  ocean c~rc~i la t ion mod21 1s cow 
plcil to a atat~stical moilel i ~ f  tile atmo>pherz. 
Xlternat1vclv, one may aislmllatc clata ~ n t o  a 
coupleci forzcabt model. T h e  ~llost  commo11 
approach 1s to improve t l ~ c  ocean initla1 
cc~nd~t lons  in a stanil-alone moile 121 asslm- 
ilating obszr\ratlon ot  SST,  thcrmocl~ne 
cleptl~, or sea lc\-el into an  oczan ~lli>ilel 
l~etore coipling n.it1-i an  atmospl~ere model 
(1 3-1 6) .  T h e  prol?lem with this approach is 
that no i~-iteract~o~-is arc allk>\ved hzt\vcen t l ~ e  
oceanic and atmosplrric compo~-icnts ii~iriqg 
~~-iitial~:atlo~-i, so thz couplcil system 1s not 
ivell balanceil i n ~ t ~ a l l y  and ma\- experience a 
shock \\-hen the forecast starts. Rzczntly, a 
couplzii approach has alsi? l?ezn ~ntroili~ccil 
in ivh~ch  SST anil w111d data nerz  assimilat- 
ti1 into a coupled system for forecast 1111tlal- 
~ : a t ~ o n  ( 15) ,  llut the i l l ~ s e ~ a t ~ o n s  wzrc ' L I V ~ L I  

5uch i t r ~ > n y  ~vzights that the procedure nas 
cqiuivalent to init~ali : ln~ thz i>cecln in a dc- 
couplcil m c ~ l c .  

LYJz i~~lprovci i  the preilicti\-c skill o i  the  
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CZ model by making the initial conditions 
more self-consistent, without incorporating 
additional data. Previously, the CZ model 
had been initialized bv first forcine the oce- " 
anic component with observed wind stress 
and then using the model-simulated SST to - 
force the atmospheric component. In our 
methodology here, the model was initialized 
in a coupled manner, with the use of a 
simple data assimilation procedure in which 
the coupled model wind stress anomalies 
were nudged toward observations. We ob- 
tained initial conditions for each forecast bv 
running the nudged coupled model for the 
period from January 1964 up to the forecast 
starting time. Specifically, at each time step 
the anomalous wind stress T, generated in 
the coupled model was modified to arc, + 
(1 - a ) ~ , ,  where T,, is the observed anom- 
alous wind stress and a a function of lati- 

tude. In all of our ex~eriments. a had its 
minimum value, a, at the most equatorial 
grid points ( lON and 1°S), increased in 
increments of 0.1 per grid point (each 2' of 
latitude) up to the latitude where it at- 
tained the value b, and was held at b there- 
after. The optimal values for a and b were 
found to be 0.25 and 0.55, respectively. The 
reason for choosing this particular form for 
a and the model sensitivity to the nudging 
parameters a and b is discussed below. 
When a = 1 everywhere, the original CZ 
initialization scheme was recovered. Our 
procedure here trusts the coupled model to 
hindcast the essential interannual variabil- 
ity of the ocean-atmosphere system if mere- 
ly nudged toward reality with the use of the 
observed wind stress. The model winds are 
given more weight in the equatorial region 
and less weight in the higher latitudes. 

In the standard hindcasts (we refer to the 
results from the original and the revised pro- 
cedures as "standard" and "new," respective- 
ly), the Florida State University wind field 
(1 7) was used to initialize the ocean model. 
For both the standard and new cases, the 
wind stress showed large interannual oscilla- 
tions, but the latter is much less noisy (Fig. 
1A). The impact of this difference is evident 
in equatorial thermocline depth anomalies 
(Fig. lB), a measure of the anomalous upper 
ocean heat content. The energetic high-fre- 
quency fluctuations evident in the original 
procedure were largely eliminated in the new 
one. Although the oceanic component 
alone generated high-frequency fluctuations 
when forced by the observed wind stress 
anomalies, the coupled model preferentially 
selected the low-frequency, interannual vari- 
ability. The new initialization also resulted 

, . - = Fig. 1. (A) Zonal wind stress anom- . '-I: : % >...;, .. ..* -. 
- .  

alies along the equator, as a func- -. , - .  
, s.,..:, tion of time and longitude, for the p<, . .. 

standard and new cases. The left ZL 

panel shows observed wind stress '9 
anomalies derived from the Florida 
State University analyses, as used 
to initialize the standard CZ model. ';, 
The right panel shows the nudged xL' 
wind stress anomalies obtained ' 
with the new initialization procedure 
described here. (B) Corresponding 
model thermocline depths in the i.j , . 
two cases. - - . , 

Fig. 2 (left). Time series of 
observed and forecast 
NIN03 SST anomalies. 
Forecasts with lead times of 
0, 6, 12, and 18 months are 
shown in different panels for 
the standard and new cas- 
es. The observed anomalies 
(red) are repeated from pan- 
el to panel. In each panel, 
there are two curves for the 
standard case, one for indi- 
vidual forecasts (orange) 
and the other for the averag- 
es of six consecutive fore- 
casts (green). Only individual 
forecasts are shown for the 
new case (blue). Fig. 3 
(right). Correlations and rms 
errors between predicted 
and observed NIN03 SST 

Lead time in months 

anomalies for three different 
time periods. In each panel, results from the standard, new, and persistence forecasts are shown for comparison. Persistence forecasts were obtained by 
assuming initial SST anomalies remained constant. 
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in a shallower thermocline in the western 
equatorial Pacific during most ENS0 events, 
with implications for the termination of 
these warm episodes (6, 18). 

The forecasts made with the two different 
sets of initial conditions are compared in Fig. 
2 in terms of the SST anomaly averaged over 
the Pacific Ocean NIN03 region (5's to 
5ON; 90°W to 150°W), a commonly used 
index of ENS0 episodes. The standard mod- 
el was able to predict the onsets of the large 
warming events more than 1 year in ad- 
vance, but there were several false alarms in 
the intermediate periods and noticeable scat- 
ter in the forecasts, especially at longer lead 
times. The ~erformance with the new initial 
conditions was improved, as the number and 
maenitude of erroneous forecasts were con- 
sid&bly reduced in the periods between 
large warming events. In particular, the trou- 
blesome prolongation of the 1982-1983 El 
Niiio in the standard forecasts was complete- 
lv eliminated with the new initialization. 
Much of the scatter among the long-lead 
forecasts was also eliminated. Averaging sev- 
eral consecutive forecasts helped to reduce 
the uncertaintv in the standard case but was 

For the period from 1972 to 1981, the skill 
was generally poor for lead times longer than 
a few months, and the new scheme did not 
help much. For the period from 1982 to 
1992, however, the skill was generally better 
and the improvement by the new scheme 
was most pronounced. The poorer skill for 
the 1970s may be a result of poorer data 
quality and a lower signal-to-noise ratio dur- 
ing that period (7). 

In the standard case, skill was strongly 
dependent on season (Fig. 4). The spring 
barrier was difficult to pass, especially when 
it was confronted more than 9 months into 
the forecast. In the new case, there was a 
madual and uniform falloff of skill with lead - 
time and only a slight seasonal variation. 
Spring was no longer a serious barrier. The 
slight seasonality that does show up is con- 
sistent with the annual cycle of the signal- 
to-noise ratio in observational data, which 
has a minimum in spring ( 1  3). That is, if the 
system consists of a predictable signal plus 
noise, then a decrease in correlation skill can 
be expected at the time when the signal 
variance is at a minimum, even if there is no 
seasonalitv in the maenitude of forecast er- 

not needed in ;he case with the new scheme, rors. Our iesults thus siggest for the first time 
which indicates that the new forecasts were that a spring predictability barrier is not 
more stable and consistent. intrinsic to the real climate system. 

We calculated correlations and rms (root One way to measure predictability is to 
mean square) errors between predicted and calculate the spread among individual fore- 
observed NIN03 SST anomalies for the pe- casts (1 9) (Fig. 5). As expected, the stan- 
riod from 1972 to 1992 and for two sub~eri- dard and new cases are different in ~redict-  
ods representing the relatively quiet 1970s 
and the ENSO-active 1980s (Fig. 3). In the 
standard case, the correlation for the whole 
period was greater than 0.6 up to a lead time 
of 10 months, but the 'rms error was not 
much better than that for the persistence 
forecast. This predictive skill is representa- 
tive of the state-of-the-art of ENS0 predic- 
tion (2, 7). In the case with the new initial- 
ization procedure, the predictive skill was 
significantly improved in terms of both cor- 
relation and rms error scores. For the period 
from 1972 to 1992, the correlation increased 
to more than 0.6 for lead times up to 20 

ability. In the standard case, the initial rms 
error (the start point of each curve) in- 
creased rapidly with the number of months 
of initial separation n, which indicates rapid 
error growth with lead time. When n is 
small, the separation grows fast and mono- 
tonically; when n is large, the separation 
first tends to decrease and then increase 
rapidly. This is consistent with previous 
findings (5). In the new case, the curves for 
different values of n are flatter and more 
tightly packed and are displaced consider- 
ably toward smaller values. The initial sep- 
aration increases with n slowly, and for each 

months. As compared to the standard case, n the separation grows at a similar rate. A 
the correlation was 0.1 to 0.2 higher and the considerable portion of the short time scale, 
rms error was 0.2" to 0.4OC lower at all lead rapid error growth has been eliminated. 
times. The ~redictive skills in the two sub- Considering that this initialization " 
periods were quite different from each other. scheme is so simple and does not require any 

Fig. 4. Correlation between predict- Standard New 
ed and observed NIN03 SST anom- I I 

A P ~  alies for the period from 1972 to - A:: 
Feb I 0.8 

1992, as a function of start month 0.7 
and lead time, for the standard and Jan 

0.6 
new cases. The straight solid lines 0.5 
denote the verification month of 0.4 
May. Numbers shown at the right 0.3 

are correlation values. 02 

0 4 8 12 16 2024 0 4 8 12 16 2024 
LoadtlmeinnronMs 

more observational data than the wind stress 
used in the original scheme, the fact that 
such an improvement of predictive skill can 
be achieved over a rather large ensemble of 
forecasts may seem surprising. From Fig. 1, it 
is clear that including the coupled model in 
initialization has the effect of filtering out 
high-frequency signals present in the stan- 
dard initial conditions. This occurs because 
the dominant mode of variability in the cou- 
pled model is ENSO-like-that is, on a large 
scale and with a low frequency. The high- 
frequency components of the initial condi- 
tions, some of which have spatial patterns 
similar to the model's ENS0 mode, degrade 
the forecast performance (20). By filtering 
these signals, the new initialization proce- 
dure effectivelv reduces the mismatch be- 
tween initial conditions and the model's in- 
trinsic variability, while retaining the essen- 
tial large-scale, low-frequency information. 

In addition, if there are systematic differ- 
ences in the spatial structure of observed and 
model variables, the nudging methodology 
will lessen the mismatch and may improve 
the forecast performance. Any mismatches 
associated with data errors will also be re- 
duced by the procedure. In all of these ways, 
the nudging procedure acts to reduce initial- 
ization shock-the transition from hindcast 
to forecast mode. Though other coupled 
models differ significantly from this one (for 
example, in containing internal high-fre- 
quency variance), they all exhibit modes of 
variability that differ in some way from na- 
ture. In such situations, a nudging or more 
elaborate assimilation procedure that in- 
vokes the coupled model offers potential for 
improvement. Of course, a prerequisite for 
the potential to be realized in predicting 
ENS0 is that the coupled model exhibits 
realistic ENSO-like variability. 

Time in months 

Fig. 5. Growth of rms separations, as afunction of 
time, determined from all pairs of forecasts begin- 
ning 1 month apart, up to 12 months apart, forthe 
standard and new cases. Shown for each case 
are 12 curves for different initial separations that 
are indicated by the start point of each curve. The 
lowest curve in each case is the rms difference 
between all pairs of forecasts with initial conditions 
separated by 1 month in time, and so on. 

SCIENCE VOL. 269 22 SEPTEMBER 1995 



Generally, the nuiiging parameter u 
should be a hnc t ion  of tllne and space, 
iiepellde~lt o n  the error characteristicc of 
both oliserx-ed and model-produced n i n ~ l  
stress anomalies. -4s a first step, we have 
~ n a d e  a l a t i t u i i e - d e ~ ~ e ~ ~ d a ~ t  w ~ t h  s~naller val- 
ues ton-ard the equator because the ~i- ind 
a~lo~nalies produced by this model are Inore 
reliable near the equa;or than elsen-here (6) .  
T o  min~mi:e iiata llioise a n ~ l  data-model ill- 
compatib~llty, \ye put Inore \1-eisht on the 
~noiiel n-inds as lollg as the\- are not too 
unrealist~c. Thus, the cholce of this partlcu- 
lar i'or~n for u is a trade-off beriveen the 
inlpact c ~ t  no is^- data and drifting abvay t r o ~ ~ l  
reality. Sumerous retrospective forecast ex- 
perlments \\,ere perfor~ned to f l~ id  the opti- 
mal 1-alues for parameters il a n ~ l  I.. \vhich 
d e t e r m ~ ~ l e  the size and lati tude-de~ende~lce 
of a. Such a proceilure clearly presents the 
prohlems of artificial forecast skill. K'e ad- 
dressed t h ~ s  by co~lsideri~lg two iniiepeniient 
periods tor forecast ex-aluat~on, one from 
1977 to 1985 and the other t[l.om 1986 to 
1993. T h e  year 1956 represents the L~egin- 
11~1lg of the period that actual real-time fore- 
c a s t  have heen ~uacle n-it11 the C Z  standarii 
model. Here, ive used the from 1973 
to 1955 to de r~ve  emp~rically the optimal 
choice o t  a and the perlod tl-om 1956 to 
1997 as an  indication of the skill that io~ l ld  
have been ohtamed In true forecast mode. It 
is clear that there 1s a wide range of nuiig~ng 
parameters that score higher than the stan- 
dard schenle ( (1  = 13 = I ) ,  h ~ ~ t  the optillla1 
cho~ce  for the period from 1973 to 1985 is 
the values ~7 = 0.15 anid b = 0.55 (Table 1) .  
If \\-e liaii made these tests in 1986, these are 

the x-alues that \I-e nould have chosen. Thus. 
the subsequent forecasts made for the period 
from 1966 to 1993 call be co~lsidereii tiee of 
artificial skill. T h e  results tor this period are 
superlor by an  even n.ider 1nargi11 (Table 1 ). 

T h e  ex~~er imental  E N S 0  forecasts made 
by the CZ   nod el are improved without aii- 
ditioilal observational data for model init~al- 
ization. T h e  ke5- is a s ~ ~ n p l e  procedure to 
generate self-co~ls~stent l111tial co~ldi t lo~ls  us- 
inc the cour~led model and observed wind 
stress anomalies. 1x1 essence, the coupled 
model ~tself is used co dynamicall\: filter the 
~ilitial co~liiitio~ls for the forecast. There are 
a number o t  ~mplications. First, the perfor- 
mance of a coupled E S S O  forecast model 
depends cruc~ally on ~nltiali:at~on: a good 
initial state for this ~noiiel 1s one that con- 
tains principally the low-treiluenc5- slgnal 
relex-ant to ESSO.  Second, the preiiictahil- 
ity o t  ENSO in a coupled lnoiiel is likely to 
he attected hy high-frequency fluct~rations 
forced hy the initialiration I.rocedure. Care- 
tul atte~ltioll  to this issue will l~kelv be im- 
portant h r  c o ~ ~ ~ i l e d  inodels at all levels of 
complexity. Third, the seemingl\- ~nevita'le 
spl-in? barrier in E N S 0  prediction 1s largely 
eli~nillated 1.y irnprox-inc 111itial co~~di t ions .  
This sugcests that tile sprlllg harrier is not 
intrl~lslc to the tropical P?-'f LL  IL - L -1 imate sys- 
tem and may he overcome \vithout in\-oklng 
the Asla11 lnollsoon or other processes out- 
s d e  the tropical Pac~fic Ocean. 

0 ~ 1 r  forecasts here are not tv~thout  short- 
comings. For instance, they do a poor job of 
distinpuisli~ng tlie amrlitude of ditYerent 
E S S O  estremes (Fig. 3).  T h i ~ u g l ~  tlie grad- 
ual warming from 19S8 to 1991 1s \\ell 

Table 1. Forecast-cbsenatoti correlat~cn ior tne perads frcrn 1972 tc 1985 and from 1986 tc 1992. 

Nvdgltig Lead t1tne ' -  meliths parameter 

a i; 0 3 6 9 12 15 18 

1972-7985 

1 CO : .00 0.77 0.7: 0.63 0 57 0 5-  C.35 0 .21  
0.25 0.45 0.80 0.77 0.72 0.62 0.58 C.46 0.3.1 
0.25 C.55 0.83 C.82 0.75 C.65 C.64 0.56 0.52 
C.25 0.65 C.8C C.77 0 72 0.63 0.60 0.46 0.36 
0.25 0.75 0.87 0.84 0.74 0.59 0.50 0.31 0.29 
C.25 0.95 C.87 C.84 C.75 0.60 0 5C 0.33 0 30 
C.20 0.60 C.79 C.77 0.72 0.63 0.58 0.45 0.29 
C.30 0.5C 0.80 0.78 0.72 0.63 0.58 0.45 C.32 
C.30 0.6C 0.83 0.81 0 . 7 i  0.64 0.6' C.47 C.35 
C.30 0.8C 0.83 0.8C 0.68 0.53 0..17 0.29 0.25 
C.32 0.32 0.78 0.72 0 .61  0.5: 0 .31  C.08 0 . 0 6  
C.512 0.50 C.83 0.80 0.71 0 .51  C.38 C 07 0 . 1 0  
0.6C 0.60 0.81 0.8C 0.72 0.62 0.53 0.27 0 . ' 5  

7986-1392 

1 .CO 1.00 0.67 0.69 0.76 0.74 0.62 0.52 0.50 
0.25 0.55 0.83 0.85 0.82 0.79 0.80 0.79 0 80 
C.25 0.75 0.79 0.8' 0 .71  0.66 0.63 0.47 0.35 
C.25 0.95 0.76 0.75 0.7' 0.66 0.65 0.62 0.45 
0.30 C.60 0.80 0.83 O . T i  0 .63 0.60 0.5C 0.33 
0.32 0.32 0.81 0.85 0.80 0.75 0.73 0.71 0.59 

predicted, the short a.arm episodes in 1993 
and late 1994 are missed. T h e  skill o t  the 
forecasts increased in  the  198L1s, especially 
for the trallsitiolls tiom \varm to cold 
events, but was unchanged h r  the 1970s. 
Perhaps the assimilation of aclditlonal data 
( S T ,  s e a - l e d ,  subsurface thermal struc- 
ture) \\-ill be a remeii\-. Hon-ever, decaiial 
x-ariations 111 prediction skill appear to he 
c o ~ n ~ l l o ~ l  among all forecast schemes. Fur- 
ther research a-111 tell us whether these iiec- 
adal variations in forecast skill result from 
processes poor1;- treated by present ~ ~ l o d e l s  
or n-hether they reflect cha~lges in the pre- 
d~ctabllity of the real c l i~nate  system. 
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