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ABSTRACT

Eighteen 30-day integrations with the NMC global atmospheric model ( T40 resolution) were performed in
order to test the impact of sea surface temperature anomalies (SSTAs) on 30-day forecasts for the Northern
Hemisphere early summer. The years considered—1987, 1988, and 1989—correspond to a warm El Nifio-
Southern Oscillation (ENSO) event, a cold ENSO event, and a normal (non-ENSO year), respectively. For
each year, 30-day forecasts were started on three successive days around 22 May, using climatological SSTs,
and repeated using SSTAs fixed at their initial values.

The results indicate that SSTAs have a clear positive impact on the tropical forecasts and surface fluxes. The
impacts on the extratropical forecasts, on the other hand, tend to be positive but small. Larger positive impacts
in midlatitudes are obtained only in a case in which the atmospheric anomalous circulation is apparently driven
by the ocean anomalies. A simple rule of thumb to distinguish whether quasi-stationary atmospheric anomalies
are the cause or the result of SSTAs is discussed. It is also found that ensemble averaging results in a modest
improvement in forecast skill. Moreover, in areas where the ensemble forecast anomalies are found to be
significantly different from zero in a statistical sense, the anomalies tend to verify well, suggesting a method to
estimate a priori regional skill. Overall, the Southern Hemisphere forecasts are more skillful than those in the
Northern Hemisphere, perhaps because of a seasonal effect.

1. Introduction consensus was that the extratropical forecast skill on
time scales beyond medium range would improve if
perfect SSTAs were used. Some studies (Mansfield
1986; Owen and Palmer 1987) have shown that the
midlatitude forecasts beyond 10 days reacted favorably
to the use of real SSTAs, but there were much larger
variations in skill related to the initial conditions used.
Recently, Baumhefner et al. (1988), designed a set of
experiments to investigate the atmospheric response to
SSTAs by using a Monte Carlo method. They found
that although the skill for a 30-day mean forecast in
the midlatitude improves by using observed SSTAs,
the changes in skill caused by the uncertainties in the
initial conditions are much larger than improvements
produced by the SSTAs. The sensitivity of models to
SSTAs was also explored in a number of studies. For
example, Pitcher et al. (1988) found that in the NCAR
GCM, the Pacific-North America (PNA) pattern is
sensitive to large SSTAs. Simulations of both the 1982/
83 and 1986/87 ENSO winters by Fennessy and
Shukla (1988a) and Fennessy et al. (1985) showed that
the SSTAs in the Pacific had a large positive impact
on the tropical prediction, but only a modest positive
impact on extratropical prediction.

The atmospheric response to equatorial sea surface
temperature anomalies (SSTAs) has been the subject
of both observational studies (e.g., Namias 1979; Horel
and Wallace 1981; Wallace and Jiang 1987) and gen-
eral circulation model (GCM) studies (Blackmon et
al. 1983; Lau et al. 1985; Palmer and Mansfield 1986;
Lau and Nash 1987). Most GCMs have had some suc-
cess in simulating the midlatitude atmospheric tele-
connections related to SSTAs in the tropical Pacific,
especially during warm ENSO episodes.

However, the question whether SSTAs have a pos-
itive impact on midlatitude forecasts is still unresolved.
It is not clear yet whether the effect of slowly evolving
boundary conditions may be able to extend the mid-
latitude predictability beyond the limit associated with
the initial conditions alone (Lorenz 1965; Shukla 1981;
Tribbia and Baumhefner 1988). During a WMO
(1985) workshop and in a World Climate Report
(1986) devoted to a comparison of simulations by
GCMs using the 1982/83 ENSO SSTAs, the general
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It is not clear at this time whether the rather small
impact of SSTAs on the extratropical predictions ob-
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tained so far (even when the SSTAs were assumed to
be known) is due to deficiencies in the current models
or to a basic lack of sensitivity of the midlatitude at-
mosphere to SSTAs. If a model does not simulate well
the full strengthening (weakening) of the tropical con-
vection associated with warm (cold) SSTAs, it is clear
that it will not be able to reproduce the full impact
that tropical SSTAs may have in the atmosphere. On
the other hand it is also possible that in comparison
with the strength of the midlatitude circulation and the
interaction between transient eddies and the mean flow,
SSTAs are not very important in producing successful
midlatitude forecasts. Another important factor that
should be considered is whether atmospheri¢ anomalies
are primarily the cause or the result of the SSTAs. Only
if the oceanic anomalies are forcing the atmospheric
anomalies can we expect improved skill from the
knowledge of the SSTAs.

The purpose of this paper is to explore these issues
by studying the ability of an NMC medium-range fore-
cast (MRF) model to simulate the impact of SSTAs
on the circulation and to attempt to understand the
possible reasons behind successful or unsuccessful
forecasts. Since most of the above studies were done
for Northern Hemisphere winter cases, we chose early
summer cases to see if the atmospheric response to
SSTAs is seasonally dependent. We chose to study the
early summers of 1987, 1988, and 1989, years that had
widely different SSTAs and were classified as a warm
ENSO event (Arkin 1988), a cold event (Ropelewski
1988), and a year with normal SSTAs in the tropics,
respectively. Due to limited resources, the total number
of experiments was limited to 18, corresponding to en-
sembles of three integrations each. For this reason, al-
though an attempt is made to explain the reasons be-
hind successful or unsuccessful forecasts and to esti-
mate their statistical significance, our results should
only be considered case studies.

The experiments and the SSTAs used are described
in section 2. The systematic behavior of the model is
discussed in section 3. Sections 4 and 5 present the
resulting skill of the 30-day mean and the daily fore-
casts, respectively. In section 6 we evaluate the surface
fields. In section 7 we attempt to discuss possible causes
for the variations in forecast skill and for the impact
of the SSTAs on the forecasts for the different years.
A brief summary of the results can be found in sec-
tion 8.

2. Description of experiments and model performance

All numerical experiments were done using the
NMC spectral model of 1989, which is the same model
used in operational MRF runs, except that the hori-
zontal resolution was reduced from the operational T80
(equivalent to a grid resolution of about 160 km) to
T40 (about 320 km). The model has 18 levels, uses
enhanced (silhouette) orography, and has a compre-
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hensive set of subgrid physical parameterizations, in-
cluding: large-scale precipitation, shallow and deep
cumulus convection, diurnal cycle, cloud-radiation
interaction, gravity-wave drag, a Penman-Montieth
parameterization of evaporation over land, etc. The
model is documented in detail in National Meteoro-
logical Center (1988), and its ability to simulate the
annual cycle is discussed in Kanamitsu et al. ( 1990).
The evolution of the skill of the operational forecasts
is presented in Kalnay et al. (1990).

Two sets of experiments were performed: the first
one, denoted SSTA, consisted of 30-day forecasts with
SSTAs fixed at the initial date during the entire inte-
gration. This type of experiment can be performed op-
erationally, since, unlike the “perfect SST” experiments
described in section 1, it does not require knowledge
of future SSTAs. The second set of experiments, de-
noted CSST, used the same initial conditions as the
first set, but were run with climatological SST.

The late spring/early summer of 1987, 1988, and
1989 were studied because they correspond to warm
and cold ENSO episodes and a non-ENSO year, re-
spectively. Because of limited computational resources,
a limit of three integrations for each year and for each
set of experiments was imposed, using initial conditions
around 22 May of each year separated by one day. In
total 18 experiments were performed, and the exact
dates of initial conditions are listed in Table 1.

All data presented here and initial conditions for the
model experiments were derived from NMC analyses.
Sea surface temperatures were obtained from the NMC
real-time global SST analysis (Reynolds 1988). The
SST climatology was that of Alexander and Mobley
(1974).

The SSTAs for 3 years are shown in Fig. 1. June
1987 was part of a warm event, as evidenced by the
warm central tropical Pacific and the large pools of
anomalies of 2°-3°C in the eastern equatorial Pacific.
By contrast, cold SSTAs can be found in the equatorial
Pacific during June 1988, which was marked as a cold
event. In both 1987 and 1988, there were large negative
SSTAs in the North Pacific and positive anomalies in
the Indian Ocean. June 1989 can be considered as a
“normal year” because the SSTAs in the tropics were
small, although there were warm SSTAs as large as
2°C in the South Pacific.

3. Systematic errors

Before discussing the skill of the forecasts, the sys-
tematic errors of the forecasts are presented for both
the rotational and the divergent components of the
flow. This may help in the interpretation of the results,
since the error in the divergent flow indicates how well
the model responds to tropical convection. The rota-
tional flow, which must respond to the tropical forcing,
contains the bulk of the energy, especially in the ex-
tratropics.
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TABLE 1. Anomaly correlations, correlation coefficients for the
anomaly and rms errors for 30-day mean 500-mb heights.

AC X 100 CCA X 100 rms error (m)

Initial date = SSTA CSST SSTA CSST SSTA CSST

A. Extratropical Northern Hemisphere (30°-90°N)

22 May 1987 16 30 34 49 35 51
23 May 1987 28 32 46 42 50 47
24 May 1987 32 29 42 45 57 49
Ensemble 24 31 39 50 51 47
21 May 1988 59 50 71 64 38 42
22 May 1988 41 24 56 47 47 47
23 May 1988 65 31 75 52 32 46
Ensemble 60 42 71 60 34 38
21 May 1989 6 -7 22 20 52 52
22 May 1989 -3 -12 14 23 53 60
23 May 1989 2 10 28 37 52 70
Ensemble 7 2 26 31 48 54

B. Extratropical Southern Hemisphere (30°-90°S)

22 May 1987 38 41 38 20 54 57
23 May 1987 37 45 25 44 48 60
24 May 1987 45 39 44 22 55 54
Ensemble 48 43 45 25 47 56
21 May 1988 37 39 37 33 65 68
22 May 1988 52 33 52 28 64 71
23 May 1988 42 53 42 43 59 69
Ensemble 50 46 50 37 59 66
21 May 1989 75 54 74 52 52 52
22 May 1989 66 51 67 52 53 60
23 May 1989 42 54 44 12 52 70
Ensemble 72 40 75 42 48 54

The systematic error of the NMC model is estimated
for all fields except divergence as the difference between
the model climatology and the 10-yr CAC climatology,
which covers the years 1978-1988. As an approxi-
mation to the June “climatology” of the model, the
ensemble average of nine 30-day means is used for all
CSST experiments. This is not completely satisfactory,
because 3 years is a relatively short period, and there
may be a significant influence of the initial conditions
for these nine runs. In May 1986, the MRF model with
comprehensive physics was introduced into the NMC
Global Data Assimilation System, resulting in a major
improvement in the general character of the analyzed
divergence. Before that, the magnitude of the diver-
gence derived from the NMC wind analyses was gen-
erally too weak, and the convection over land and in
the Pacific Ocean was severely underestimated (Arkin
et al. 1988). For this reason, we use a 4-yr (1986-
1989) CAC climatology for the divergence field. It
should be noticed, however, that the “analyzed” di-
vergence is a derived quantity, not directly measured,
and therefore can only be considered an approximation
to the true divergence field.

Figures 2a and 2b show the systematic error for the
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500-hPa heights and 200-hPa streamfunction, respec-
tively. At 500 hPa in the Northern Hemisphere (NH),
the model has, on the average, negative errors of about
30-60 m due to tropospheric cooling and positive errors
near the pole (Kanamitsu et al. 1990). In the Southern
Hemisphere (SH), the model has a slight underesti-
mation of the gradients of heights near Antarctica and
the strength of the stationary wavenumber 1 pattern
along 60°S. The hemispheric means of the errors are
—21.7 for the NH and —26.8 m for the SH. The zonal
component of the systematic error contains about 70%
of the error variance for both hemispheres.

For the 200-hPa streamfunction, the error pattern
is similar to that of the height fields in the midlatitudes.
It is found that the model simulated v wind in the PNA
region has the right phase but is much weaker than the
observed field. Over Australia and in the southern Pa-
cific Ocean, errors are largely due to the shift of the
subtropical jet. The simulated polar jet is somewhat
weaker compared to climatology. Notice that errors in
the tropical winds are as large as errors in the extra-
tropics.

Figures 2¢ and 2d present the 200-hPa divergence
for the June climatology (1986-1989) and for the
model’s climatology, respectively. The model generally
reproduces well the major areas of convection over the
tropical landmasses in the Northern Hemisphere over
central America, Africa, and the Indonesian maritime
continent, as well as the summer monsoon. The main
deficiency is that the magnitude of the divergence as-
sociated with tropical convection and the associated
convergence are significantly underestimated when
compared with the analysis. The model fails to simulate
the analysis strength of the convection in the western
and central Pacific. The relationship between analyzed
and forecasted divergence depends strongly on the
“spinup” or “spindown” of the model, and the true
strength of the atmospheric divergence is not yet
known. Nevertheless, even if the analysis divergence is
overestimated, the forecast divergence is probably too
weak. In section 7, we discuss how this may affect the
extratropical response to SSTAs during a warm event.

4. SKkill of the 30-day mean forecasts

In this section, we present verification scores for 30-
day mean 500-hPa heights and 200-hPa streamfunc-
tions for the experiments with and without SSTAs.

a. Geopotential heights: The extratropics

For the verification of the skill, the root-mean-square
errors (rms) and two types of anomaly correlations are
computed. Anomalies are defined as deviations from
the CAC June climatology. In the standard anomaly
correlation (AC), the regional average of the anomaly
is subtracted out when computing the correlation. In
the correlation coeflicient for the anomaly (CCA), de-

Xgdxwkhqgwlfdwhg#«#Grzgordghg#452



2774 MONTHLY WEATHER REVIEW VOLUME 119

40E 60E 80E 100E 120E I40E 160E 180 180w 140w 120w 100w

!
y 4& 80N
™y :?éﬁéhm”

S

80s |— a > ©
A I N N N T N ) A o | A Y N I T |
40E  60E  8OE I00E 120E 140E 160E 180  160W 140 120W 100W  8OW
40E  60E  BOE 100E 120E 140E I60E 180  160W 140W 120W 100W  8OW
T T T T T 17 17T 7T 17T 17T 17T T T I i
80N = 0 Goge, 0 0 8 - 80N
BBV e S Eﬁs'
con g 5] 0 - ‘ ‘r..“-t&-f.' ] aeé'.o 60N
0__ / ",&'?) ‘ f}\j; Pors 3~ _0
R fo] Land Y= ul
40N -‘ﬁ“ @ A i\%o 40N
o y Qe -3‘5-40
20N — \ u Yot — 20w
- ‘ L | .
|' £
€Q o— ! €Q
\ b : [
— \ NS
208 }— U —1 208
= A 9 B E~ . 5 i
a0s |- 7 O : S , 408
[o] : >' o N——_:
605 |~ I et TS ‘ : | eo0s
o # o ——
T == RS> % war A= 3; 1

ss |- b 'ﬁ%‘ ' " 808
I T b1

I Y S Y A I N N I S N T N S
40E  60E  BOE 100E 120 I40E 160E 180  160W 140W 120§ 100W  80W 60N  40W  20W 0

FIG. 1. Sea surface temperature anomaly pattern used for (a) 1987, (b) 1988, and (c) 1989 SSTAs experiments.
Contour interval is 1 K.

fined by Miyakoda et al. (1986), the regional average whereas
of the anomaly is included: let x be a model forecast

variable, x, the verifying analysis, and x, the climato- CCA = (dxbx,y [{8x?){dx,2)]17'/2.
logical value. The anomalies are given by éx = x — x, .
an% X, =uxa — x,, the area averfgIZs by% x), and the Table 1 contains the AC, CCA, angl rms values for
departures of the anomalies from the area average by thell3()-<2ay ‘;‘ean ﬁelclljsl for each 1}1}(31V1d111a1 forecast as
Ax = 8x — ¢ 8x. Then the AC is given b well as for the ensemble means. The evaluations were
x = bx = (&x). Then the AC is given by done for the NH (30°~90°N)) and SH (30°~90°S ) sep-
AC = (AxAx,) [{Ax*Y{AxH]7'2, arately. For the NH, CCAs are consistently higher than
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FIG. 2. (a) Systematic error in the 500-hPa heights. Contour interval is 30 m. (b) Systematic error in the 200-hPa streamfunction.
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as (¢), but for the model’s climatology. Contour interval is 1076 s™!.
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the anomaly correlation for the same forecast, indi-
cating some skill in the prediction of the domain av-
eraged anomaly. In the SH, on the other hand, CCAs
and ACs are more similar.

The skill varies considerably from one experiment
to another. The interannual variability in the forecast
skill is much larger than that introduced by day-to-day
changes in the initial conditions or by the presence or
absence of SST anomalies. Our results agree with find-
ings of Baumhefner et al. (1988) that the differences
in skill produced by SSTAs are about as large as the
differences in skill due to variation of initial conditions.
In our case these were obtained by running experiments
from consecutive days. Experiments using CSST do
not reduce significantly the spread among forecasts
made one day apart. It is interesting to note that the
skill of the ensemble average is generally higher than
the average skill of individual forecasts and in several
cases better than the best individual member of the
ensemble, in agreement with the results of Murphy
(1990) and Baumhefner et al. (1988).

For 30-day forecasts, an AC of 0.5 or larger, which
corresponds approximately to an rms error similar or
smaller than the climatological standard deviation, is
considered skillful (Murphy and Epstein 1989). The
SH forecasts are more skillful than the NH forecasts
and show a more positive effect of the SSTAs, especially
when using CCA. All forecasts for the SH with SSTAs
are skillful or nearly so, but only the 1988 SSTA fore-
cast for NH can be considered as skillful. This some-
what surprising result may be due to the fact that winter
anomalies are more predictable than summer anom-
alies, in both medium- (Bonner et al. 1986) and long-
range forecasting (Brankovic et al. 1990), so that cur-
rent SH winter forecasts are comparable in skill to those
of the NH summer (Kalnay et al. 1990). The impact
of SSTAs may be more favorable in the SH because
the ocean coverage is much larger than in the NH.

In order to make a more quantitative assessment of
the impact of SSTAs, the uncertainty of anomaly cor-
relations is estimated using Fisher’s z transformation
(Gutzler and Mo 1983). The quantity z=1In[(1 + r)(1
— r)7'1/2 is normally distributed with variance (n —
3)~!, where n is the number of degrees of freedom and
ris the correlation. A confidence interval corresponding
10 95% statistical significance for z is then calculated,
which can be translated into the confidence interval
for the anomaly correlation. To use this method, the
number of degrees of freedom has to be known. The
spatial number of degrees of freedom can be estimated
using the mean pattern correlations for 1-30-day lags
from historic archives of daily analyses. For the NH,
Horel (1985) used the NMC analyses and estimated
between 30 and 37 degrees of freedom. For the SH,
Mo (1986) used the Australian analyses and found
between 21 and 31 degrees of freedom. For this study,
30 degrees of freedom are assumed for both hemi-
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spheres to estimate the confidence level of the corre-
lations.

For the SH, the anomaly correlations are in general
higher for SSTAs experiments than for CSST experi-
ments with the same initial conditions. For the NH,
results are inconclusive. Only the SH differences be-
tween 1989 SSTAs and CSST runs are statistically sig-
nificant at the 95% level. We will see in section 7 that
in this case, the increase of predictability is probably
due to the extratropical SSTAs.

From these results we may conclude that in these
experiments there is no definitive advantage in the use
of SSTAs for the prediction of NH extratropical heights,
at least not in the 30-day time scale. In section 8 we
will argue that only when the ocean is driving the at-
mospheric anomalies can the extratropical SSTAs im-
prove the midlatitude skill.

The NH forecasts for 1989 have very low anomaly
correlations, but the rms errors are not particularly
high. As indicated by the small rms difference between
the 30-day mean ensemble 500-hPa heights and cli-
matology (Table 2), the forecasted NH heights are very
close to the June climatology. When the forecast
anomalies are small, they may be out of phase, resulting
in low AC, but still in a forecast with low rms errors.

It is interesting to compare the skill of the forecasts
to that of persistence, which is a tough competitor for
extended-range forecasting (Tracton et al. 1989). The
persistence forecasts for the anomaly were defined as
the 15-day mean anomaly from 7 May to 21 May. For
all experiments, dynamical forecasts are much better
than persistence, at least in the rms error (Table 2).
In the AC, on the other hand, the scores are compa-
rable. This means the persistence of the anomalies has
skill in their phasing similar to that of the dynamical
forecast, but the amplitude of the anomalies is not as
well predicted by persistence. In addition, since the
CCAs in the NH are higher than the ACs of both per-
sistence and the forecasts (cf. Tables 1 and 2), it is
clear that the skill of the dynamical forecast in pre-
dicting the domain-averaged anomaly has contributed
to the reduced rms.

Another important question is whether the forecasts
were seriously affected by the systematic errors. Table
2 also includes the anomaly correlations and rmis errors
for the ensemble 30-day mean 500-hPa heights for
SSTAs forecasts when the systematic error has been
removed after the fact. The systematic error has been
defined as described in section 2. On the average, the
skill scores are only slightly improved after the error
correction, even though the systematic error was com-
puted using runs for the same 3 years (but without
SSTAs). This suggests that the errors are largely ran-
dom or may depend on the specific circulation regime.

Agreement among the members of an ensemble
forecast has been suggested as a predictor of forecast
skill (Kalnay and Dalcher 1987; Kistler et al. 1988;
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TABLE 2. Extratropical anomaly correlations and rms errors for 30-day ensemble means of 500-mb heights
SSTA after correction Persistence
SSTA before correction
Anomaly Anomaly
ms correl- rms correl- rms Fest-clim Anal-clim

Anomaly correlation error ation error ation error

(X100) (m) (X100) (m) (X100) (m) rms (m) rms (m)
Year NH SH NH SH NH SH NH SH NH SH NH SH NH SH NH SH
1987 24 48 51 47 31 42 56 41 35 24 95 103 46 46 47 41
1988 60 50 34 59 56 58 38 52 41 62 92 104 48 51 38 63
1989 7 72 48 48 20 73 51 42 6 73 95 98 33 56 40 74

Palmer and Tibaldi 1988, Tracton et al. 1989, Kalnay
and Ham 1989). As in Mo et al. (1991), we try to
judge whether the 30-day forecasts are reliable, that is,
significantly different from the June climatology, by
performing a statistical ¢ test on each grid point.! In
order to avoid spurious forecast agreement associated
with the presence of systematic errors in the forecasts,
we first remove the systematic error. The corrected
forecast anomalies are given by the SSTA forecasts mi-
nus the model climatology, which is approximated by
the average of the 9 CSST forecasts. The ¢ tests were
also performed to assess the statistical significance be-
tween 30-day ensemble means for SSTAs experiments
and CSST experiments with the same set of initial con-
ditions. Forecast anomalies with the systematic error
removed (a), verifying analyses (b), ¢ tests for the fore-
cast anomalies (c), and differences between the SSTA
and CSST experiments (d), with the significant areas
shaded, are presented in Figs. 3, 4, and 5 for 1987,
1988, and 1989, respectively.

It is very encouraging to find that in midlatitudes,
forecast features in the areas marked to be statistically
significant are generally verified, although this is not
always the case. For 1987, the only midlatitude forecast
anomalies in the NH marked as significant (Fig. 3c)
are the low pressure over the southwest United States
and the high pressure over and northeast of the Caspian
Sea; both are well predicted (Figs. 3a and 3b). In the
SH, on the other hand, the significant anomaly pre-
dicted east of South America is incorrect, but the sig-
nificant areas of high pressure near and south of Aus-
tralia and over New Zealand are very well predicted.
Most of the areas marked as not significant are also
poorly forecasted. In the tropics, the model anomaly
for 1987 is positive and significant, as generally verified.

'Let x,, x, and x; be three forecasts of the anomaly (departure
from climatology), x is their average, and s is their variance. Then
the ¢ statistics ¢ = | x(s/2)7!/?)| should be larger than 4.3 and 2.9
for x to be significantly different from zero at the 95% and 90% level,
respectively. Similarly, if x;, x, are two sample means of the SSTA
and CSST forecasts, and s,, s, are their variances, then the ¢ value ¢
= |x, — x| [(8; + $2)/2]7"/2 should be larger than 2.78 in order for
the difference between x; and x; to be significant at the 95% level.

The differences between SSTAs and CSST experiments
were small (Fig. 3d), and in the extratropics only the
positive anomalies in the Pacific south of Australia and
near South America are significant. Clearly the influ-
ence of the SSTASs on the tropics is dominant,

For 1988, the ¢ test picks up very well all the areas
where the forecast is skillful, with the single exception
of the positive center forecasted north of Japan (Fig.
4b). In the SH, once again, most of the areas marked
as significant in middle- and high latitudes are well
forecasted, with the exception of the high at 70°S,
90°W, forecasted to be west of the observation. The
tropical forecast tends to be uniformly positive and
significant. This verifies well in the eastern hemisphere,
whereas in the western hemisphere the observed
anomalies are smaller and of mixed significance. The
main difference between SSTAs and CSST experiments
(Fig. 4d) is that the wave train in the Pacific-North
America area is weaker for the CSST experiments; but
the differences are only marginally significant. Other
areas marked as significant for the SSTAs did not verify
well.

The 1989 NH forecast was the least skillful, and the
areas with significant forecast anomalies are smaller
and more scattered than in the previous two years (Fig.
5¢). In the SH, on the other hand, the zonal structure
of the observed anomalies in middle- and high latitudes
is both well predicted and generally captured by the
significance test. In the tropics, for this year with small
SSTAs, the area of significant forecast anomalies is
much smaller than in 1987 or 1988 (Fig. 5¢).

The 30-day mean forecast errors (not shown) tend
to be barotropic, with similar patterns at 500 and 300
hPa, and are not very influenced by the SSTAs. The
correlation between the individual SSTA and CSST
forecasts, averaged over 9 cases, was 0.83 for the NH
and 0.76 for the SH.

In summary, in 1988, the NH CSST forecasts were
already marginally skillful, and the SSTAs increased
their skill even further. In 1987 and 1989, the NH fore-
casts were not skillful, and the SSTAs did not improve
them significantly. In the SH during 1987 and 1988
the CSST forecasts were marginally skillful, and they
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