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ABSTRACT

The feasibility of using a two-tier approach to provide guidance to operational long-lead seasonal prediction is explored. The approach includes first a forecast of global sea surface temperatures (SSTs) using a coupled general circulation model, followed by an atmospheric forecast using an atmospheric general circulation model (AGCM). For this
exploration, ensembles of decade-long integrations of the AGCM driven by observed SSTs and ensembles of integrations of select cases driven by forecast SSTs have been conducted. The ability of the model in these sets of runs to
reproduce observed atmospheric conditions has been evaluated with a multiparameter performance analysis.
Results have identified performance and skill levels in the specified SST runs, for winters and springs over the Pacific/North America region, that are sufficient to impact operational seasonal predictions in years with major El NinoSouthern Oscillation (ENSO) episodes. Further, these levels were substantially reproduced in the forecast SST runs for
1-month leads and in many instances for up to one-season leads. In fact, overall the 0- and 1-month-lead forecasts of
seasonal temperature over the United States for three falls and winters with major ENSO episodes were substantially
better than corresponding official forecasts. Thus, there is considerable reason to develop a dynamical component for
the official seasonal forecast process.

1. Introduction

The establishment of the scientific basis and the
demonstration of the feasibility of prediction of seasonal mean conditions for the United States at leads
of up to a year (Barnston et al. 1994) has led to the
routine operational production of such forecasts by the
U.S. National Weather Service's (NWS) Climate Prediction Center (CPC). At leads of more than a month
or two, these forecasts depend almost exclusively on
the exploitation of slow (up to interdecadal) trends and
the interseasonal to interannual teleconnections
between changes in the global oceans [including the
El Nino-Southern Oscillation (ENSO) system] and
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over North America. Initially, these two types of signal have been treated using linear statistical techniques
developed by Huang et al. (1995) and Barnston
(1994), respectively.
This first emphasis on linear empirical techniques
was imposed by the severe limits on the data histories on which statistical models must be based. This
same lack of experience also compromises the ability of empirical approaches to treat either nonconforming or infrequently occurring situations. In principle,
physically based methods do not necessarily suffer
from these limitations. The potential of one such approach to immediately augment the exploitation of
global sea surface temperature (SST) signals in the
long-lead forecast process is evaluated here.
The approach is two tiered in the vein of the approaches motivated and developed by Bengtsson et al.
(1993), Graham and Barnett (1995), and Barnett et al.
(1994) and was developed by the former Coupled
Model Project (CMP, now part of NWS's Environmental Modeling Center). It is described in some detail by Ji et al. (1994), so only its major features will
be covered here. The method is directed at capturing
that part of the variance of seasonal means that is at507
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tributable to anomalous SSTs independent of initial
atmospheric conditions. The extent to which the state
of the atmosphere more than a month or so earlier
plays a predictable role in the SST-forced signal is
still an open question and cannot be treated with the
setup employed here. Brankovic et al. (1994) allow
for such a role in their 1-month lead seasonal predictability experiments.
The two steps of the forecast approach are 1) the
production of a SST forecast and 2) the integration
of an atmospheric general circulation model (AGCM)
with ocean boundary conditions prescribed by the
forecast SSTs. Two different approaches are used for
step 1): globally persisted SSTs and a combination of
forecast SSTs for the tropical Pacific Ocean basin
from CMP's coupled general circulation model
(CGCM) and persisted SSTs elsewhere. For step 2),
a long AGCM integration with observed SSTs is restarted at the beginning of the forecast lead with one
or the other of the forecast SST fields. Thus, as implied, the AGCM forecasts have no direct knowledge
of the atmospheric initial conditions.
The question of the usefulness of this mostly physically based approach to CPC's long-lead U.S. seasonal
forecasts was addressed in two steps. First, the extent
to which the AGCM can reproduce the observed interannual variability given observed SSTs was assessed.
This will be referred to here as simulation skill and
should not be confused with potential predictability
or skill. The latter is often defined as the proportion
of total variance that can be attributed solely to SST
forcing and can only be realized with a perfect model
[see recent treatments by Kumar and Hoerling (1995)
and Stern and Miyakoda (1995) for the seasonal forecast problem]. Even then, the term can be somewhat
of a misnomer because a perfect SST forecast is not
realizable.
Similarly, simulation skill overestimates forecast
skill that can be obtained in operational practice because SSTs are forecast imperfectly. Thus, the second step in the evaluation process focuses on the question of whether or not substantial forecast skill remains
for those circumstances identified in the first step that
exhibit substantial simulation skill.
The various experiments, data and data processing,
and verification techniques will all be described in section 2, followed by results of, first, the simulation
experiments in section 3 and, next, the forecast experiments in section 4. The paper will conclude in
section 5 with some remarks about implications of the
results and plans.
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2. Methods

a. Experiments
All AGCM integrations were performed using
CMP versions of the National Centers for Environmental Prediction's (NCEP) Medium-Range Forecast
(MRF) model described in Ji et al. (1994). The principal modifications to the operational version of the
model were primarily intended to improve the climatology of the model Tropics. Two suites of long (typically spanning the early 1980s to early 1990s) simulation integrations with observed SSTs were produced
along with ensembles of forecasts for selected periods. These experiments are summarized in Table 1.
The first preliminary set of simulation experiments
consisted of eight runs generated from two different
initial states with two different prescribed SST analyses for two different versions of the MRF model. The
intent here was not only to look at ensemble simulation skill but also to investigate sensitivity to the SST
analysis and the model version.
One of the SST analyses consisted of the NCEP
operational analysis (Reynolds 1988), while the other
was a higher-resolution optimum interpolation (OI)
analysis (Reynolds and Smith 1994). At the time these
integrations were performed, the latter analysis was
not available for the early 1980s; this is reflected in
the starting times for the four runs using the higherresolution SSTs. In the case of each of the four runs
made from the coarser operational SSTs, the model
was run for 6 months before the starting time shown
in Table 1 using climatological SSTs, so there was
little or no memory of the initial conditions and negligible model drift. The simulations driven by the
finer-mesh OI analysis were conducted as continuations of the operational analysis runs.
The only difference between the two MRF model
versions is the smoothness of the topography. Because
topography must be treated with a truncated spectral
representation compatible with the rest of the model,
a rougher topography over land exacerbates the problem of artificial "Gibbs" islands over the oceans.
The initial set of runs was followed by a series of
nine runs using a combination of the coarser-mesh operational SSTs and the model version with the
smoother topography. These choices were largely dictated by the results of the preliminary runs described
in section 3a. Different initial conditions were
achieved for each of the nine runs by repeatedly stopping the integration after 7 days and resetting the clock
(i.e., sun, SSTs, etc.) to 1 February 1982.
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Based on the results of the second ensemble of
simulation runs, forecast runs driven with extrapolated
SSTs rather than observed were made for the three
major ENSO episode winters—1986/87 (warm),
1988/89 (cold), and 1991/92 (warm)—encompassed
by all of the simulation runs. Ensemble forecasts were
produced by driving the same model used in the second set of simulation experiments with either persisted
SST anomalies or a combination of dynamically forecast SST anomalies for the tropical Pacific Ocean and
damped persistence elsewhere. All forecast integrations used a 1-month adjustment period prior to the
forecast period to allow gradual conversion from observed to forecast anomalies.
For each of the second sets of forecasts, three runs
of NCEP's CGCM were used to produce an ensemble
SST forecast for the tropical Pacific (15°S-15°N,
120°E-70°W), which was blended with persisted SST
anomalies elsewhere. The persisted SST anomalies consist of averages for the first half of the 1-month adjustment period. In the runs using the coupled model forecast anomalies in the tropical Pacific, the persisted
SST anomalies are damped (with an ^-folding time of
1 month) after 3 months, while in the runs using exclusively persisted SST anomalies no damping is applied.

Forecast runs were made from 1 September, 1 October, and 1 December (discounting the 1-month startup period) so that 1- and 3-month-lead forecasts were
available for January-March (JFM) and 0-, 2-, and 3month leads for December-February (DJF).

b. Data
All analyses here were performed on monthly or
seasonal-mean anomalies, that is, departures from
climatological norms. Simulated and forecast anomalies were formed by use of model climatological
norms, and observed anomalies by use of observed
norms. In all instances, seasonal norms were formed
from monthly norms.
The climatological norms used for all examined
model output from the second set of simulations and
the forecast runs, for both individual and ensemble
mean output, were the norms for the second set of
simulations. Monthly mean norms were calculated for
each month by first averaging over all like months
from each run and then averaging over all nine runs.
February 1982 model output was not used for computation of February norms. A similar procedure was
used (except February 1982 output was used where
available) for norms to form anomalies of ensemble
averages from the first set of
eight simulations. In fact, the
only exception to this apTABLE 1. Model experiments.
proach was for norms to form
Runs/
Model
anomalies for individual
Simulation
Period
SSTs
version
period
members of the preliminary
set of eight simulations. This
Preliminary
Feb. 1982-Jun. 1992
operational higher-resolution
was necessitated by the obanalysis
topography
servation that there were nontrivial differences between
smooth
Feb. 1982-Jan. 1993
operational
topography
analysis
the norms of the model versions with and without the
Jan. 1985-Apr. 1993
01 analysis higher-resolution
smoothed topography. Theretopography
fore, single-run anomalies for
these first simulations used
smooth
Feb. 1985-Feb. 1993
OI analysis
topography
norms computed from only
the four runs using the same
smooth
Follow-up
Feb. 1982-Nov. 1993
operational
model as the single run.
topography
analysis
Class limits for the coldest
(driest) and warmest (wetForecast
smooth
1986, 1988, 1991:
18
9 with
topography
persisted
test) 30 percentiles of sea1 Sep.~28 Feb.
operational analysis
sonal-mean surface temperature (precipitation) at various
9 with
1 Oct.-31 Mar.
model geographical locations
CGCM produced
were needed for part of the
(ensemble of 3)
1 Dec-31 Mar.
evaluations (see the next sec-
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tion) of the runs with the smoothed topography model
version (the second set of nine simulations and the
forecast integrations). Because a large model sample
(on the order of 100) was available from the simulation runs for any particular month or season, these
class limits were estimated directly from the empirical distribution functions after interpolation of the
gridded model data to the verification locations (U.S.
climate divisions; refer to the next paragraph).
Observational data for the verifications came from
three sources: monthly mean Northern Hemisphere (NH)
700-hPa geopotential height analyses from CPC archives
(Barnston and Livezey 1987), monthly mean global
200-hPa geopotential heights from archived NCEP
final analyses, and monthly mean surface temperature
and precipitation for U.S. climate divisions (Cayan et
al. 1986). Observed anomalies for both the 700-hPa
heights and surface variables are defined as departures
from 1961-90 norms, while those for 200-hPa heights
are formed from 1982-93 norms because a long global 200-hPa record was unavailable. The 1961-90
norm period was preferred because its use is mandated
in official forecasts. Class limits for the monthly or
seasonal-mean temperature (precipitation) data were
obtained by fitting Gaussian (gamma) distributions to
the appropriate 30-yr record for each division.
c. Verification methods
1) UPPER-AIR FIELDS

Model simulation and forecast quality (accuracy)
and skill (relative accuracy) for monthly and seasonal
means were examined for both Northern Hemisphere
700-hPa heights and the global 200-hPa streamfunction. For the former, the analysis was conducted
for four sectors encompassing latitudes from 25°N to
the pole: all longitudes (NH), Pacific-North American region (30°W-180°, PNA), Atlantic-European
region (60°W-90°E, AEU), and West Pacific-Asia
region (90°E-180°, WPA). The PNA and AEU
subsectors overlap intentionally. In the case of the
200-hPa streamfunction, the principal area of interest was the 10°-40°N zone.
The framework for the analyses is the decomposition by Murphy and Epstein (1989), which links
several commonly used measures like the squared
error and anomaly correlation, and isolates systematic bias and amplitude error contributions to total
squared error.
Define the mean squared error (MSE) between a
map of gridded forecasts f . and a field of observations
x, with i denoting the ith grid point, as
510

(1)

where the angle brackets denote a spatially weighted
mean (not a uniformly weighted sum over grid points).
In subsequent expressions, the subscript i is deleted
whenever the angle brackets are used.
If anomalies are denoted by ( )', then the following represent moments of the map anomalies with map
means removed:
4=(/' H/') >
s ,=(x' )-(x')\
4=((/-*) )-</-*> ,
2

2

2

2
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2

2

(2a)
(2b)
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x

The quantities in (2a) and (2b) can be thought of as
estimates of map variance (for forecast, observed, and
error maps, respectively) and that in (2c) as an estimate of the covariance between two maps, one forecast, and one observed. The ratio (2d) is called the
anomaly correlation and is a commonly used measure
of spatial correspondence of forecast and observed
anomaly features.
A useful measure of skill is the percent reduction
of MSE from forecasts of observed climatology c,
=

MSE(c, x) - MSE(/, x)
MSE(C,JC)

=

l

MSE(/, x)
MSE(C,JC) (3)

Note that for perfect forecasts /3 = 1. For random forecasts the expected value of MSE(f, x)-2 MSE(c, x),
so the expected value of /3 = -1.
The scores (l)-(3) are linked through the Murphy
and Epstein (1989) decomposition

p=A - B1 +-CD + D -, where
2

2

2

2

(4a)

phase association
(4b)
between forecast and
observed anomalies;
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FIG. 1. Time series of the ratio of simulated to observed spatial standard deviation of seasonal-mean 700-hPa heights over the
PNA sector for preliminary model simulation runs driven by (a) operationally and (b) fine-mesh analyzed SSTs.

1 -A is the degree of
phase error;
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The term D in (4a) acts as a normalization factor
for P such that for perfect forecasts (A = 1, B = C
= 0) p = 1 and for climate forecasts (A = B = 0, C
= D ) P = 0. With a reasonable climatology, C and
(4c) D are usually small and substantially offset each
other, especially for the larger domains examined
here. Thus,
2
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conditional bias; reduction in skill due
to amplitude error;
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2
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2

unconditional bias; (4d) The practical implication of approximation (5) is
reduction in skill due
that p usually must exceed 1/2 ( s j s j for /} > 0, that
to map mean error;
is, for the forecast to have smaller squared error
than a zero anomaly forecast. For more details of this
type of analysis see either Livezey et al. (1995) or
normalization factor; (4e) Livezey (1995).
In section 3, many of the quantities in (l)-(4) are
adjustment due to the
displayed as season by season averages over all
observed map mean.
f

D 2

s
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J

FIG. 2. Time series of the difference between simulated and observed seasonal-mean 700-hPa heights (in m) averaged over the
PNA sector for preliminary model simulation runs using models with (a) unsmoothed and (b) smoothed topography.
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quent forecast experiments. The Heidke score for categorical forecasts is defined

where// and T are the correct and total number of categorical forecasts, respectively, and E is the expected
number of correct random categorical forecasts. Here,
E = 0.34 T. Despite its many shortcomings (discussed
in Barnston 1992 and Livezey 1995), the Heidke score
is used here because it is available for official forecasts produced by CPC. It is computed for each forecast or simulated season for a net of 344 locations
defined by climate divisions.
3 . Results of simulation experiments

a. Preliminary runs
For the first eight runs, only the simulations of
Northern Hemisphere extratropical 700-hPa height
were examined. The results produce two good examples of the diagnostic power of a multiparameter
performance analysis like that of Murphy and Epstein
(1989) summarized in (4). First, the amplitude error
term B turned out to be unusually large for the four
runs driven by the finer-mesh SSTs as a result of large
ratios of model to observed spatial standard deviations, the second term on the right of (4c). Time series of this ratio for PNA region seasonal means are
plotted in Fig. 1, separately for the runs using the
coarser-mesh operational SSTs and those using the
finer-mesh OI SSTs. Note that the former mostly vary
around unity while the latter generally exceed one.
This was a consequence of excessive noise generation from failure to presmooth unresolved scales in
the finer-mesh SST analyses (Trenberth and Solomon
1993). The results were the same for other time averages and regions.
Similarly, the map mean error term C displayed
a prominent trend in those four runs with the unsmoothed model topography that was not present in
the runs in which the model topography was somewhat smoother, as graphically evident in Fig. 2. Again,
the presence or absence of this trend did not depend
on the time mean or domain. As a result of these findings and those reported in the previous paragraph, subsequent simulation and forecast experiments were
conducted with the operational SST analyses and the
model version with the smoothed topography.
2

FIG. 3. Seasonal dependence of average anomaly correlation
between simulated and observed seasonal-mean 700-hPa heights
over the PNA sector for preliminary simulation runs. The dashed
curves are for averaged scores of individual simulations, and the
solid curves for scores of the ensemble-mean simulation. All
simulated years are included in (a), all but major ENSO-episode
years in (b), and major ENSO-episode years only in (c).

available simulation years and separately over years
that include a major E N S O episode during the
winter (specifically 1982/83, 1986/87, 1988/89, and
1991/92) and those that do not. For purposes of the
partition, a year runs from the 3-month season
centered on August through that centered on the
following July.
2 ) SURFACE VARIABLES

To contrast the performance of the model for simulation and prediction of seasonal-mean U.S. surface
temperature and precipitation to that displayed in operational practice, Heidke skill scores were computed
for the second set of simulation runs and the subse512
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of time averaging. The seasonality of p for the PNA
region in major ENSO episode years is shown in Fig. 5
for 1 -, 3-, and 5-month means. Note that during the
period of maximum performance there is little difference between the longer time means and that both
clearly have better scores than the 1-month average.
Based on this result and those just summarized in the
preceding paragraph, the remainder of the paper will
focus principally on performance for 3-month means
over the PNA region in major ENSO episode years.
b. Follow-up runs

1) EXTRATROPICAL 7 0 0 - H P A HEIGHTS

The seasonality of averages of the skill score (3)
and the three terms (4b)-(4d) for seasonal means over
the PNA region in ENSO-episode years are shown in
Figs. 6 and 7 for the nine individual runs and the ensemble average run, respectively. Two things are
prominently evident in the figures. First, the amplitude and map mean errors, that is, the conditional (B )
and unconditional biases (C ), were smallest when the
phase association between simulated and observed
features was best, namely during winter and spring,
regardless of whether or not ensemble averaging was
performed. Second, filtering the signal (contrast Figs.
6 and 7) by ensemble averaging dramatically reduced
amplitude errors and increased phase associations (and
thereby skill scores).
This last point is reinforced in Fig. 8, which is the
nine-run counterpart to Fig. 3 without the all-years
panel. The same relative performances, as measured
by the anomaly correlation, with respect to season
(ENSO-episode versus non-ENSO-episode years),
and ensemble averaging status were exhibited by the
second set of simulation runs.
2

2

FIG. 4. As in Fig. 3 except for the AEU sector.

The variability of performance in the preliminary
runs by season, situation, region, and ensemble averaging status for seasonal-mean simulations is summarized in Figs. 3 and 4. Each of these figures, one for
the PNA region and one for the AEU region, consists
of three panels showing the seasonality in the average
anomaly correlation p for both ensemble mean simulations and individual simulation runs. The top panels are averages over all available years, the middle
panels over all years other than the four major ENSO
episodes, and the bottom panels for the ENSO episode
years. All of our a priori expectations are met in the
figures: SST signals that can potentially impact operational forecasting were limited to the PNA region
in major ENSO episode years during winter and spring
after ensemble mean filtering. The failure to find
meaningful simulation quality for the AEU region was
also characteristic of the WPA region.
The final factor explored for the preliminary simulations was the dependence of quality on the amount
Bulletin of the American Meteorological Society

FIG. 5. Seasonal dependence of anomaly correlations between
simulated ensemble- and observed-mean 700-hPa heights over
the PNA sector averaged over major ENSO-episode years only
for preliminary simulation runs. The solid curve is for 1-month,
the dashed curve for 3-month, and the dotted curve for 5-monthmean heights.
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FIG. 6. Seasonal dependence of measures of quality and skill of seasonal-mean 700-hPa height simulations over the PNA sector
averaged over major ENSO episodes and over the nine individual follow-up runs. The solid, dashed, and dotted curves in (a) are for
average A , B , and C , respectively, while (b) shows the curve for average p.
2

2

2

2 ) SUBTROPICAL 2 0 0 - H P A STREAMFUNCTION

Besides the middle- and high-latitude upper-air circulation, operational long-range forecasters at CPC
are also vitally interested in the subtropical circulation,
particularly for forecasts of precipitation or tropical
activity that might impact North America. Consequently, we repeated the performance and skill analy-

ses on the seasonal mean 200-hPa streamfunction
fields for the zonal band between 10° and 40°N. Results for the anomaly correlation in the format of Figs.
3 and 8 are shown in Fig. 9.
Note that, on average, in major ENSO-episode
years this field was simulated by the ensemble-mean
run with considerable quality over most of the course
of the year. There is even a suggestion in Fig. 9 that a
late spring/early summer signal was reproduced on average in other years, perhaps reflecting minor episodes
and/or the onset of the major episodes (suggested by the
presence of the signal at the end of the composite year).
A third possibility is a warm season subtropical signal not necessarily tied to ENSO but to worldwide
low-latitude SST anomalies (Barnston 1994). Finally,
although still beneficial, ensemble averaging produced
less dramatic improvements in the anomaly correlation
than at higher latitudes, undoubtedly a consequence
of a higher signal to noise ratio at lower latitudes.
3 ) U . S . SURFACE TEMPERATURE AND PRECIPITATION

The seasonality of average Heidke scores for seasonal mean U.S. surface temperature and precipitation is displayed in Figs. 10a and 10b, respectively.
Curves for major ENSO-episode years as well as other
years are included in both panels. The difference between the two temperature curves is enormous, while
that for precipitation is inconsequential. Part of the
reason for the disappointing precipitation simulation
results is the somewhat smaller area of the United
States covered by known ENSO precipitation signals
FIG. 7. As in Fig. 6 except for the ensemble-mean simulation (Ropelewski and Halpert 1987, 1989) compared to the
temperature signal. Recall that for each simulation
of the follow-up runs.
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period the Heidke score is computed for climate division locations covering the entire country. It is also
possible that averages over areas larger than climate
divisions might have produced better precipitation
results, but prediction at the division level reflects
current operational practice.
4 . Results of forecast r u n s

served SST runs, but the decrease for the F10 runs was
considerable, especially for the JFM season. Most of
this difference came from the Jan-Mar 1987 forecasts,
and much of the reason for the difference can be attributed to a substantial loss of amplitude of the ENSO
signal in the forecast runs using the dynamically forecast SSTs. Another possible reason is other errors in
the coupled model forecast for the Pacific basin SSTs.
Neither forecast experiment was highly successful for
the 1991/92 case, nor was the simulation experiment.
Table 3 summarizes the results of the experiments
in Table 2 with Heidke scores for U.S. seasonal-mean
surface temperatures. Also included in Table 2 are the
average scores of the zero-lead official forecasts for
the corresponding seasons and years. Again, two
things are particularly worthy of note. First, all of the
0- and 1-month-lead model-based forecasts except
those for the P12 ensemble had scores comparable to
those for the simulation ensemble. In addition, this
same group of forecasts had noticeably superior scores
to the official forecasts.

Average anomaly correlations between model ensemble forecasts of 3-month-mean 700-hPa heights
(PNA region) for the three most recent major ENSO
episodes and corresponding observations are listed in
Table 2. Two things are immediately evident. First,
the short-lead cold season simulation performance
was not compromised at all in the forecast experiments; the scores for both forecasts runs (those labeled
F12 and PI2) were better than those for the simulation runs, on average, as well as for 10 out of 12 of the
individual scores making up the averages (the latter
not shown). In particular, the forecast ensembles outperformed the simulation ensemble by margins of 23
and 35 points, respectively, for the DJF 1991/92 case. 5. Conclusions and f u t u r e w o r k
Second, the longer-lead persisted SST anomaly
To summarize, we have shown that a version of the
ensemble (P10) suffered only a minor decrease in performance (and only for JFM) compared to the ob- NCEP MRF model driven by observed SSTs reproduced

FIG. 8. As in Fig. 3 except for the follow-up runs omission of
FIG. 9. As in Fig. 8 except for seasonal-mean 200-hPa
the curves for averages over all simulated years. All but major
ENSO-episode years are included in (a) and major ENSO-episode streamfunction for the zonal band between 10° and 40°N.
years only in (b).
Bulletin of the American Meteorological Society
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FIG. 10. (a) Seasonal dependence of average Heidke score between simulated and observed seasonal-mean U.S. surface temperature
and (b) precipitation for the ensemble-mean simulation of the follow-up runs. The solid curves are for scores averaged over major
ENSO-episode years, and the dashed for those averaged over all other years.

a substantial portion of the observed low-frequency atmospheric signal over the PNA region and northern subtropics during winters and springs of years with major
ENSO episodes of the 1980s and 1990s. Further, this
performance was degraded little by use of forecast SSTs
in place of observed SSTs for leads up to 1 month and,
in the case of at least U.S. mean seasonal temperature,
exceeded that of official forecasts for these same leads.
The results of this first attempt at NCEP to do dynamical seasonal prediction have accomplished two
things. They provide clear justification for the use of
some of the strategies described above to provide op-

erational guidance on a "forecast of opportunity" basis. Additionally, they engender substantial optimism
for a larger forecast role for these methods in the future, as our ability to model the entire coupled oceanatmosphere evolves.
To achieve this expanded role, thorough diagnostic predictive studies will continue hand in hand with
this model development. Our initial efforts (under
way) are to expand the simulation and forecast runs
to include decades from the 1950s onward using improved global SST analyses from principal component
reconstruction techniques (Smith et al. 1996). This

TABLE 3. Average Heidke score times 100 between ensemble
TABLE 2. Average anomaly correlation scores (p) times 100
between ensemble forecast and observed seasonal-mean 700-hPa forecast and observed seasonal-mean U.S. surface temperature
heights for the PNA region and 1986/87, 1988/89, and 1991/92. classes for 1986/87, 1988/89, and 1991/92. Symbols are as in
Here, "P" denotes persistent SSTs, "F" mix of coupled model and Table 2.
damped persistent SSTs, and "O" observed SSTs. The number
90-day period
following P or F denotes the starting month of the forecasts.
Sep.- Oct.- Nov.- Dec.- Jan90-day period
Run
Mar.
Nov.
Dec.
Jan.
Feb.
Sep.- Oct.- Nov.- Dec.- Jan.-17
22
18
O
3
33
Run
Nov.
Dec.
Jan.
Feb.
Mar.
-5
-5
P12
— 26
18
O
39
38
51

P12

-

F12
P10
F10
F09
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-

-

41

56

58

F12

51

52

P10

50

39

46

F10

11

23

29

25

F09

5

4

12

OFF

-

-

-

-

27

-

-

-

-

-

11

26

4

29

5

8

-4

21

4

0

-11

14

4

-2

_

-3

-2

5

-

-

-
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longer, richer database not only can provide a more Huang, J., H. M. van den Dool, and A. G. Barnston, 1996: Longlead seasonal temperature prediction using optimal climate
detailed and confident description of skill and perfornormals.
J. Climate, 9, in press.
mance variability, thereby facilitating forecast use and Ji, M., A. Kumar,
and A. Leetmaa, 1994: A multiseason climate
enhancing forecast value (Livezey 1990), but also can
forecast system at the National Meteorological Center. Bull.
permit the development and application of sophistiAmer. Meteor. Soc., 75, 569-577.
cated statistical postprocessing techniques to boost Kumar, A., and M. P. Hoerling, 1995: Prospects and limitations
of seasonal atmospheric GCM predictions. Bull. Amer. Meforecast performance.
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On 19 May 1994, as a commemoration of the 50th
anniversary of the D-Day invasion of Normandy,
the American Meteorological Society sponsored a
one-day symposium at Fort Ord, California, to
review and examine the meteorological aspects of
the invasion. These proceedings are a compilation
of the formal presentations held that day and
include such topics as weather intelligence for D - ^
Day, forecasts leading to the postponement of D-tarDay, sea swell and surf forecasting for Operation
Overlord, and "What if the D-Day forecast was
wrong?" The softbound publication, complete with
weather charts and diagrams, is 170 pages and
regularly sells for $28.

Thor's
In this enlightening and compelling history of combat
from World War II to the Vietnam conflict, author
John F. Fuller describes the adventure that was the
Air Weather Service and introduces its courageous
family of forecasters who provided vital weather
support for the nation's armed forces and made
notable contributions to the field of meteorology.
Learn about the controversial events leading up to the
pressure-packed D-Day forecast and the invasion
forecasts of Hiroshima and Nagasaki, and discover
how weather support "can be the margin between the
victor and the vanquished." This hardbound
publication, lavishly illustrated with color
and black and white photographs, is 443 pages.
It regularly sells for $65.

d e c e i v e Some Meteorological Aspects of D-Day: Invasion of
Europe and Thor's Legions for $45, including shipping and
handling! Send prepaid orders to: Order Department, AMS,
I
45 Beacon Street, Boston, MA 02108-3693.
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