Variability of Skill of Long-Range Forecasts
and Implications for their Use and Value
Abstract
The widely held belief that monthly and seasonal predictions, while
containing some information, are not skillful enough to be of economic benefit, is reexamined through an extended example of

winter seasonal temperature skill as it relates to the natural gas
industry. A case is made that forecasts of mean conditions for

periods as long as a season can be made with appreciable reli-

ability for certain parameters, places, seasons, and situations,

thereby making them potentially beneficial to certain users.

Several opportunities to improve the reliability of these forecasts

over the next several years are described in the context of operational systems currently used to make predictions for the United

States. Finally, the levels and types of research necessary to realize

the potential benefits to users of skillful long-range forecasts are
outlined. It is argued that it makes little sense, from a scientific or

societal point of view, to neglect research on prediction of intra-

seasonal to interannual time scales (the long-range problem) in the

face of growing concern and interest in climate fluctuations (such
as global warming) on longer time scales.

1. Introduction
The status and utility of long-range predictions (e.g.,
monthly and seasonal averages of temperature and
precipitation) has often been the subject of debate in
meteorological literature. (For example, see the exchange between Bettge et al. [1981]; Hoyt [1983];
Chervin and Bettge [1983]; Barnston and Livezey
[1985]; Chervin and Bettge [1985]; and Hoyt [1985].)
Such forecasts, accurately made, would be enormously useful in any number of venues (see Knox et
al. 1985, for a list of ways the energy industry could
use them). However, the consensus view has been
that the skill, albeit real, is quite small. This opinion
has been shared by both producers (Gilman 1985)
and users (Knox et al. 1985) of long-range forecasts
alike, as well as the broader meteorological community. In fact, the policy statement of the American
Meteorological Society (1983; hereafter referred to as
AMS) on weather forecasting addresses these points
explicitly, asserting that "at the longer ranges
. . . typically a month or season . . . forecast skill is
small/' and that "slight skill exists in forecasting average temperatures for the month or season."
Notwithstanding this, the AMS goes on to state that
"even small improvements should be of substantial
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economic benefit." This idea is supported by studies
such as Katz et al. (1987) that argue that the relationship between quality (skill or accuracy) and value of
long-range predictions is highly nonlinear. In the example they researched—namely the decision of a
spring wheat farmer in the drier, western part of the
northern Great Plains to plant a crop or to let the land
lie fallow—they concluded that in some circumstances, relatively small increases in forecast quality
would lead to proportionately larger increases in their
economic value. Their perspective of the potential
payoff of even moderate increases in accuracy of
monthly and seasonal predictions is shared by the
energy industry (Knox et al. 1985), agribusiness (Sonka
et al. 1988), and, possibly, by other segments of the
economic community as well.
These views, and the fact that prospects do exist
for improvements in long-range forecast skills (to be
discussed in section 3), provide considerable justification for the continued support of research and development of climate fluctuation predictions.
Additionally, recent research documents real forecast
skill over that of random forecasts for a variety of
schemes, both objective and subjective, leaving little
doubt that such forecasts are practical. (See Preisendorferand Mobley [1984]; Walsh [1984]; Christensen
and Eilbert [1985]; Barnett and Preisendorfer [1987];
Livezey and Barnston [1988] for a representative portion of this work.) Thus, one might conclude from
what has been summarized so far that skillful longrange forecasts can be made, but with only modest
accuracy; and that small gains in this accuracy are
possible with potentially large increases in economic
value for certain applications.

Arguments will be offered here that the characterization of current long-range forecasting skill as slight
is an inappropriate generalization. It should be possible to match forecasts to applications with substantial economic payoffs. The crux of this argument is
that many observed variations in skill by predictand,
season, location, and situation reflect real variability
in predictability that will be reasonably insensitive to
the forecast sample. Thus, forecasts can be considered reliable and can be matched beneficially to certain users in many instances where local (in space,
time, etc.) skill is considerably greater than average.
Until quite recently, skill variations had to be conservatively viewed as sampling fluctuations; there was
too small a fund of data, insufficient forecast expe-
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rience, and a complete absence of a theory for predictability. Much of this has changed: 1) Datasets
have slowly, but steadily grown while more powerful
evaluation techniques have become possible with
bigger computers; 2) experience with existing and
new forecast methods has expanded; and 3) rudimentary predictability theories have been developed.
While there is a growing awareness of the possibilities inherent in exploitation of skill variations among
producers of official forecasts in the United States
(see section 5 in Kalnay and Livezey [1985]; Oilman
[1986]) this is generally not the case among users and
atmospheric scientists, including those who fund and
manage long-range, prediction-related research. The
purpose of this article is to alert a wider audience to
an untapped resource for decision makers and familiarize that audience with the associated research required to realize this benefit.

In section 2 an extended example will be presented
to illustrate the issues raised above. This will be followed, in section 3, by a brief overview of some of
the prospects for improving the skill of long-range
forecasts. Finally, section 4 will reiterate the basic
theme of the paper and outline a set of research priorities consistent with this theme.

2. Examples of reliable and potentially
exploitable skill variability
At the National Weather Service's (NWS) Climate
Analysis Center (CAC), forecasts of one of three mean
temperature and precipitation classes (above, near,
and below normal) and of the probabilities of each
of the classes at 100 United States stations are made
every month for the following 90-day period. (Only
the probability forecasts are issued to the public.) The
latter forecasts have been available only since the
early 1980s, but the categorical forecasts for the four
nonoverlapping 90-day periods corresponding to
winter (December-February), spring (March-May),
etc. have been routinely made since 1959. Thus, it
is possible to characterize the overall skill at least for
categorical forecasts in the four seasons. This turns
out to be 6% for temperature and precipitation combined for all stations and seasons using the skill measure employed herein.1 This score varies between
- 50% and 100%, the former representing no correct
categorical forecasts and the latter all correct. Since
a skill of 0.0 is the expected skill of categorical fore-

1 s = (C E)/(T - E) x 100, where T, E, and C are total,
chance-expected correct, and actual correct number of forecasts,
respectively.
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casts assigned randomly from a climatological distribution, the skill is often referred to as the "percent
improvement over climatology."
Because the 6% score summarizes a very large
number of forecasts, it is highly significant statistically
even though it is small. Consequently, official forecasts confirm the broader conclusions stated in the
Introduction. However, while this score unambiguously establishes that long-range forecasts have real
skill, it is not likely to have particular relevance to
any potential user of the forecasts. Suppose, for example, the user is the gas industry and the concern
is demand and storage of natural gas for wintertime
heating. As Knox et al. (1985) pointed out, peak demands for gas space heating are sensitively dependent on temperature and its extremes. Low
temperatures imply heavy use of gas, with sizable
amounts drawn from pipelines or storage with attendant drop in pressure and perhaps interference with
delivery. On the other hand, an unusually warm winter may lead to a glut and high storage costs due to
carryover. The gas manager then is specifically concerned about temperature and its extremes in the
wintertime in the particular region his company supplies. Thus, in the context of the official three-class
United States 90-day forecasts, the most (some would
argue only) relevant skill for his problem is that for
forecasts of only above and below normal temperatures (in the three-class system) in the wintertime in
a particular region. Let us examine the implications
on skill of stratification of forecasts first by type, then
by season, next by location, and, finally, by class.
For each forecast stratification the observed variability in skill scores will be examined in terms of its
reproducibility in an independent sample.
At each stage the sample of forecasts will be considerably reduced, so, with the exception of the first
step (skill stratified for temperature and precipitation
forecasts separately), the discussion will be based on
a 38-yr sample of independent forecasts produced
objectively by the operational analog-prediction system—one of the forecast tools used by seasonal forecasters at CAC (Livezey and Barnston 1988; Barnston
and Livezey 1989b). Before proceeding, it should be
pointed out that it is unlikely that the gas manager
could effectively utilize forecasts with a skill level as
low as 6%.
First, when official forecasts of temperature and
precipitation for all seasons are scored separately,
their skills are 8.1% and 4.2%, respectively. This is
consistent with the relationship between temperature
and precipitation forecast skills for other time scales
(e.g., 3-5 days). It is well known that the precipitation prediction problem is much more complex than
the temperature problem and involves a broader
spectrum of time and space scales, so the fact that
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precipitation prediction skill is less than temperature
prediction skill is expected.
Because the analog system's overall temperature
skill of 8.3% is compatible with that for the official
forecasts, the remainder of this discussion will focus
on its skill score. Table 1 consists of a list of skill
scores for all stations/categories for each of four seasons. Here the score of interest (for winter) to the
hypothetical gas manager happens to be the largest
in the table and is twice as large as the original, unstratified skill. Its relationship with other table entries
is consistent with what might be expected from the
characteristic time and space scales of the atmospheric circulation and corresponding signal-to-noise
ratio estimates in the different seasons. It is likewise
consistent with results from verification of official seasonal forecasts and other objective systems (Barnett
1981; Kalnay and Livezey 1985; Folland et al. 1986;
Barnston and Livezey 1989b). Consequently, the observation that skill is highest in the winter can also
be considered a reliable result.

To more closely pinpoint the information most
needed by users in this extended example, the geographical distribution of skill of the analog predictions in the wintertime is presented in figure 1. The
skills are for predictions of three, equally distributed

temperature classes. The spatial variability of skill is
large: scores are high over the Southwest, north- and
south-central states, the East, and particularly, over
the Southeast, but are low over large parts of the
Northwest, in the lee of the Rocky Mountains, and
over northern New England. If the broad features of
this skill variability are reliable—for example the huge
contrast in forecast skill between the southeastern
United States and the high plains states—the implications for potential gas-industry users of the predictions in the two areas are dramatically different.
Obviously, the manager in Nebraska should rely on
climatological information rather than the forecasts,
but a manager in North Carolina might profit considerably from intelligent exploitation of the forecasts.
TABLE 1.

Skill of seasonal temperature forecasts for the
operational analog prediction system
Season

Skill (5)

Winter
Spring
Summer
Fall

12.6
8.6
9.3
2.8

All

8.3

FIG. 1. Skill (S) of United States winter mean-temperature forecasts of three equally distributed temperature categories (above, near,
and below normal) made by the operational analog-prediction system (1950-51 to 1987-88).
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There are at least three different ways to explore
whether the differences in skill from place to place
in figure 1 are more than just sampling fluctuations.
First, most of the larger-scale features shown on the
map are essentially duplicated in maps for wintertime
temperature skill in three classes by other forecast
methods. These approaches include official forecasts
(Kalnay and Livezey 1985) and other experimental
objective systems substantially different from that
used here including, but not limited to those by Barnett (1981) and Barnett and Preisendorfer (1987).
Second, the pattern of skill in figure 1 is predicted
with considerable veracity in calculations by Barnett
(1981) and Madden (1981) using the potential predictability theory. The only important difference between their maps (Barnett's [1981] is shown in figure
2), and figure 1 is the absence of forecast skill for
New England in the Figure 1. An explanation for this
apparent inconsistency has been offered by Gilman
(1986), and is related to the sensitivity of the winter
climate in New England to snow cover, and the inability to forecast the presence or absence of this cover.
There is still substantial reason to regard the gross
features of the skill pattern in figure 1 as fundamental
characteristics of the forecast system and to utilize
this information.
A third way to check the stability of the skill pattern
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is to test the sensitivity of features in figure 1 to removal of different sets of fixed numbers of forecast
years from the sample. This approach is the least desirable because of limitations in total sample size,
and was not used here because it was not needed.
In many other instances, however, it may be the only
test available.
The final stratification of forecast skill made here
focuses as closely as possible on the climate information of most value to the gas industry in the wintertime, namely the prediction of local temperature
extremes. The skill of prediction of the two-thirds of
all forecasts that are either above or below normal
(excluding near-normal) is shown by area in figure 3.
Note that overall skill for the two extreme classes is
considerably greater than that for all three classes,
and that this is true virtually everywhere in the United
States. By inference, then, skill in predicting nearnormal conditions must be close to 0.0, both overall
and locally. This is indeed the case here and in fact,
seems to be an almost pervasive characteristic of subjective and objective monthly and seasonal forecasts.
Toth (1989) summarize much of the evidence for this
phenomenon and several of the theories that have
been proposed to explain it. It is important to note
here, again, that there are considerable reasons to
expect the differences in skill implied by this addi-

FIG. 2. Distribution of winter potential predictability as percent of variance (from figure 13, Barnett 1981).
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FIG. 3. As figure 1, except only for above- and below- normal forecasts.

tional stratification to be reliable and therefore exploitable. Even with very conservative (i.e., large)
estimates of sampling error, forecasts of above- and
below-normal mean-temperature classes in much of
the wintertime eastern United States should be reliably several times as skillful as the overall forecast
skill of about 6% cited at the start of this section, and
perhaps an order of magnitude greater in some locations. This, along with the low skill in the high
plains, should be important information for a number
of potential users.
Other useful skill stratifications are also possible.
One commonly employed is the separation of cases
for a particular season by the antecedent climate or
atmospheric circulation regime, the latter gaining increasing attention for extended range (6-10 days) to
monthly prediction. A good example of the former is
the separation of forecasts for years in which an index
of the El Nino/Southern Oscillation (ENSO) indicates
anomalously warm waters in the equatorial Pacific
(i.e., a warm event; sometimes accompanied by an
El Nino), anomalously cold waters (a cold event), or
near-normal waters. Ropelewski and Halpert (1986,
1987, 1989), among others, have documented a
number of instances in which the anomalous surface
temperature, precipitation, or both for a particular
location/season can be reliably predicted, given the

knowledge that a cold or warm event is taking place.
An example of this for the United States is precipitation for the cold half of the year along the coast of
the Gulf of Mexico. In this case "wet" and "dry"
years can be discrimintated with about 85% reliability, given a "low" or "high" Southern Oscillation
index [see Ropelewski and Halpert (1989) for details]
and future official forecasts will almost certainly reflect this insight. Users whose activity is impacted by
anomalously wet or dry conditions for this region and
time of year are not likely to seek ways to utilize
official precipitation forecasts that they think have a
4% skill score (the overall level cited at the beginning
of this section), but might if they had knowledge of
the much higher skills just noted.
Many other instances exist where so-called "forecasts of opportunity"2 are possible, with reliability,
for various ENSO states or other climate signatures.
Another notable example for the United States is the
set of forecast rules for prediction of wintertime precipitation for a number of West Coast drainage basins
developed in Eilbert and Christensen (1983) and

2 This term was used by E. M . Rasmusson to describe ENSOrelated forecasts.
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Christensen and Eilbert (1985). The tropics are also
rich in opportunities for reliable long-range prediction, including such critical problem areas as seasonal rainfall for the Sahel (Folland et al. 1990),
Northeast Brazil (Ward et al. 1988), and the Indian
monsoon (Hastenrath 1989) and ENSO itself (Barnett
et al. 1988). In fact, the seasonal prediction problem
may be unique in that skill levels are not necessarily
lower over the tropics than elsewhere, as implied by
the AMS (1983) policy statement on weather forecasting.
Studies on the skill variability of monthly prediction have not progressed as far as those on seasonal
prediction, mainly because the process of producing
the former has undergone considerably more evolution over the last decade than the latter, as more and
more reliance has been placed on input from global
numerical weather prediction (GNWP) models. This
has made it difficult to accumulate enough experience about a particular mix of forecast tools to reach
firm conclusions about their skill behavior. Nevertheless, many of the characteristics of skill variability
outlined for seasonal forecasts are likely to be shared
by monthly predictions.
A key difference in the two products is the fact that
a considerable part (ranging from 6 days, but sometimes up to 3 weeks) of every monthly forecast period
is made up of daily circulation states that have a strong
dynamic link to the specific conditions at the beginning of the forecast period. Thus, much of the skill
of monthly forecasts and a great deal of its variability
comes from the attention paid by forecasters to dynamic-model forecasts. Consequently, much of the
effort to describe skill variability a priori has focused
on case-by-case "forecasting of forecast skill" of
G N W P models with heavy emphasis on initial conditions. This work has been directed at the diagnosis
of both initial circulation, regime-dependent systematic errors [i.e., reproducible from case to case, e.g.,
O'Lenic and Livezey (1989)] and random errors [e.g.,
Kalnay and Dalcher (1987)]. Successful application
of these approaches will ultimately affect users through
modulation of individual forecast probabilities.

3. Prospects for near-term
improvements in quality of monthly
and seasonal prediction
It is clear from section 2 that considerable skill exists
in monthly and seasonal prediction, but this skill varies with parameter, season, location, and situation.
One might wonder whether some of these forecasts
can be made even more skillful and whether new
opportunities can be identified. These questions will
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be addressed separately for monthly and seasonal
prediction in the frame of what might be expected
over, perhaps, the next several years.
In the case of monthly prediction, in which heavy
reliance is placed on G N W P and the problem is often
dominated by relatively short-term (a few days to a
few weeks) circulation regimes, steady progress is
likely. There is good reason to expect the monotonic
growth in skill of N W P experienced over the last 30
yr (Bonner 1988) to continue. These gains were won
through combinations of continuing improvements in
computers, data acquisition, objective analysis, hydrodynamic modeling, and physical parameterizations. Work in these areas continues and will continue
to produce benefits. In particular, systematic errors
in large-scale model climatologies should be virtually
eliminated over the next 5 yr. Another reason to be
optimistic about the prospects for improvements in
monthly prediction over the next few years is that
new methods to postcorrect G N W P output or to assign case-by-case reliabilities to that ouput will be
implemented in operational centers. These will be
based on statistical methods which use both recent
[e.g., Schemm and Livezey (1988)] and longer modelerror histories (e.g., O'Lenic and Livezey 1989), and
on dynamic techniques employing ensembles of numerical forecasts [e.g., Kalnay and Dalcher (1987)].
A large part of the ongoing Dynamic Extended Range
Forecast (DERF) experiment at the U.S. National Meteorological Center (NMC) has been directed towards
development of these techniques (Tracton et al.
1989).
An entirely different situation exists for seasonal
prediction, at least in the extratropics. No convincing
evidence exists to date of extratropical dynamic forecast skill beyond a month or the ability to predict this
skill beyond a couple of weeks. Thus, it is not surprising that extratropical seasonal prediction remains
largely an empirical activity. Spectulation has recently centered on the possibility that coupled oceanatmosphere general circulation models (CGCM) may
be able to extend the range of dynamic predictability,
but practical application of such models to extratropical prediction is probably many years away. In fact,
recent predictability studies by Miller and Roads (1989)
suggest that a coupled model may increase error
growth compared to an atmospheric model that uses
fixed observed sea-surface temperatures (the current
practice). If the model Miller and Roads used was an
appropriate representation of the coupled system,
then empirical techniques will likely remain the key
vehicle for extratropical seasonal forecasts for some
time to come. The possibility that this will not be the
case for the tropics could have important implications
for extratropical empirical prediction.
Despite the limited role for deterministic numerical
Unauthenticated | Downloaded 01/09/23 08:48 AM UTC
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methods in United States seasonal forecasting, opportunities exist for improvements to existing empirical techniques that could lead to large (in a percentage
sense) increases in skill. These gains may come from
refinements to empirical methodologies, new predictors, or a combination of both. To illustrate these possibilities the rest of this discussion will focus on the
operational analog-prediction system (Livezey and
Barnston 1988).
The season-to-season variability of three-class mean
temperature forecast skill for 92 United States stations
over 38 years for persistence, and a modified version
of the operational analog-prediction system, are
shown in figure 4. Note that skills for the two systems
are not well correlated; in particular, minima in skill
do not occur for the same times of the year. Livezey
and Barnston (1988) have presented other evidence
that these forecasts are effectively independent. Consequently, it should be possible to objectively combine the two to take advantage of the relative strengths
of both. Livezey et al.; (1990) have done this with
the results given in figure 4 for each season and for
all seasons together. The overall skill of 11.6% represents a 20% gain over the unmodified official analog-prediction system, and twice that for the modified
system required by Livezey et al. (1990) to perform
this experiment, just as importantly, mixed-scheme
skill exceeds that for both persistence and analog approaches in eight 3-month periods and effectively
matches the better of the two in the other four periods. Thus, objective combination of independent
sources of predictability offers promise of notable gains
in skill.
Next, refer again to figures 1 and 2, which depict
the geographic distribution of winter-temperature
prediction skill and winter potential predictability, respectively. As noted before, the patterns are quite
similar, with the exceptions previously noted. Note,
however, in figure 1 that West Coast skills, while
mostly positive, are somewhat less than those in the
East, but that in figure 2, potential predictability values are comparably large in the two areas. This is
puzzling because the winter analog-prediction model
includes several parameters generally considered important predictors of West Coast temperature, particularly sea-surface temperature off the California coast.
The answer may be that the analog model was developed to maximize skill over the entire United
States. Thus, although the choice of predictors and
their relative weights represent a compromise from
several areas of the country, it is somewhat dominated by the larger coherent areas with high signalto-noise ratios, such as the Southeast. In other words,
different parts of the country are likely to have different optimal sets of predictors. The recent experience of Preisendorfer et al. (1988) in forecasting United
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States winter temperature classes using a new scheme,
called the "principal discriminant method," also suggests this might be the case. Their approach consists
of a synthesis of principal component and discriminant analyses. They obtained skills generally higher
than those for the operational analog system everywhere, with the exception of the East. Because their
discriminating process is conceptually analogous to
the optimization of the analog-prediction system, a
plausible reason for the skill differences is the fact
that Preisendorfer et al. (1988) developed a different
model for each forecast location.
Thus, it may be possible to realize additional increases in the skill of the operational analog system
by developing models separately for a number of regions; perhaps five to ten, depending on season. Appropriate predictands might be amplitudes of modal
patterns of coherent temperature variability, like the
two shown in figure 5, reproduced from Livezey and
Barnston (1988). The first of these, explaining 24.2%
of November temperature variability, dominantly
represents the Southeast, while the second, explaining 5.7%, primarily represents the California coastal
region.
Of course, the relative success of Preisendorfer et
al. (1988) may have other explanations than that favored here. Two possibilities are 1) sampling variability as a consequence of verification procedures,
and 2) increased power of the principal discriminant
method. The second seems more likely and should
be explored if regionally specific analog-prediction
models fail to substantially outperform the single
model for the entire United States. Irrespective of this,
another opportunity exists to further enhance the
quality of seasonal predictions.
Possibilities for the addition of new predictors to
the analog or other seasonal forecast systems will now
be examined. The considerable potential of one re-

FIG. 4. Skill (S) by 3-month forecast period (number denotes
first month of period) and for all periods combined of predictions
of three equally distributed temperature categories made by persistence, the modified operational analog-prediction system, and
a system that mixes the two (from Livezey et al. 1990).

Unauthenticated | Downloaded 01/09/23 08:48 AM UTC

Bulletin American Meteorological Society
cently discovered predictor set is embodied in figure
6 which reproduces results of van Loon and Labitzke
(1988). Depicted in the figure is the correlation between the 10.7~cm solar flux and average United
States surface temperature for the January-February
period for winters in which the average stratospheric
zonal wind component over the equatorial Pacific (a
measure ofthe Quasi-Biennial Oscillation [QBO]) is
positive. This strong field of correlations and several
others associated with it were subjected to a strenuous battery of a posteriori significance tests, which
accounted for both temporal and spatial dependencies (Barnston and Livezey 1989a). The fields of correlations were found to be highly unlikely to be
accidental results. To the extent that the predictability
implied in figure 6 is not implicitly included in other
predictor fields already being used, another opportunity exists to bolster the accuracy of analog forecasts.

Another fertile ground in the search for new sources
of seasonal predictability for the extratropics continues to be the tropics. For example, despite the additional insights that studies like those by Palmer and
Owen (1986), Livezey and Mo (1987), and Hamilton
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(1988) have provided, a considerable amount remains to be learned about extratropical responses to
the equatorial Pacific on the seasonal time scale. Recent studies by Buchman et al. (1989) and Wolter
and Livezey (1989) suggest a possible role for the
subtropical and equatorial Atlantic in determining the
climate over wintertime North America, at least along
the East coast of the continent. Perhaps most promising of all is the possibility that skillful estimates of
tropical oceanic predictors during the forecast season
can be produced at various lead times (and subsequently used as input to empirical prediction schemes)
by ocean and coupled GCMs. This possibility is perhaps most realizable for ENSO prediction (e.g., Cane
and Zebiak 1989) and recently has received a great
amount of attention (Barnett et al. 1988).
Clearly, there are a number of good reasons to expect continued improvements in both monthly and
seasonal forecasts, and those cited probably do not
exhaust all the possibilities. There is currently either
ongoing or planned research activity at CAC (albeit
at a modest level) in each direction outlined above.
How that activity will have to be expanded and complemented so that users of the forecasts can effectively take advantage of the forecasts will be the
principal thrust of the concluding remarks.

4. Summary and recommendations
A case has been made that forecasts of mean conditions for up to a season can be made with appreciable reliability for certain parameters, places,
seasons, and situations, thereby making them potentially beneficial to certain users.
Moreover, specific opportunities to enhance the
quality of these forecasts or expand their scope of
reliability were outlined. These will be most likely

FIG. 5. November surface-temperature rotated principal-component patterns. Values are correlations x 100 between surface
temperature and the corresponding principal-component time series (from Livezey and Barnston 1988).

FIG. 6. January-February correlations ( x 100) between 10.7-cm
solar flux and surface temperature during years in which the average stratospheric zonal wind component over the equatorial Pacific is westerly (from Barnston and Livezey 1989, duplicating results
of van Loon and Labitzke 1988).
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realized through three developmental research directions:
(a) Statistical-dynamic techniques for extended to monthly prediction, including continued improvements to G N W P and to the ability
to postcorrect and assign reliabilities to its output;
(b) empirical methods for seasonal prediction, including increased sophistication in forecast algorithms and the discovery and adaptation
of new sources of predictability; and
(c) ocean or coupled GCMs for tropical seasonal prediction.
These emphases will of course need the supporting
base provided by ongoing theoretical and diagnostic
studies.
Notwithstanding these possibilities, two other conditions are necessary before users will take full advantage of skillful, long-range prediction, namely 1)
the creation of a perception in the user community
that forecasts are skillful enough to be of some value,
and 2) the matching of reliable forecast situations with
users who can exploit them, and the development of
analytic frameworks to facilitate this exploitation.
Neither of these problems has received the research attention accorded the other three research
thrusts outlined above. The first requirement implies
a fourth direction for producers of long-range predictions, specifically, (d) the analysis of skill variability,
including its description and reproducibility in independent forecast samples. The second requirement,
however, is a task for meteorological statisticians and
economists, particularly through (e) quality/value
studies, such as that of Katz et al. (1987).
Thus, a modestly ambitious program of interdisciplinary research is also needed to bring the benefits
of long-range forecasting to the user. This, along with
levels of effort required to develop the tools to make
the forecasts, implies that, to succeed, substantial
support bases must exist. Ironically, existing support
has actually begun to shrink at a time when longrange prediction may have at last reached a stage in
its development where previous decades of investment might yield large dividends. This has made it
difficult to maintain an adequate level of effort for
tasks a-c, let alone to expand the interdisciplinary
tasks d and e necessary to realize the payoff.
It is also curious that this shrinkage is occurring at
a time of growing environmental awareness and concern about climate change. There is absolutely no
ambiguity about the societal repercussions of shortrange climate fluctuations, such as a continentalscale, summer heat wave and drought, or a bitterly
cold winter, yet more media attention is given to the,

as yet, highly speculative consequences of global
warming. In fact, more thorough understanding of the
morphology and physics of regional climate and its
variability, which is the likely result of research on
the intraseasonal to interannual (or long-range) prediction problem, is probably critical to identifying the
consequences of global warming.
Thus, the neglect of the long-range prediction
problem in an environment of increasing attention to
the greenhouse effect makes little sense from either
an economic or scientific point of view. Both problems deserve considerable attention because their solutions are of considerable importance to society, but
progress in the study of regional implications of global
warming may well depend on advancements in our
understanding of short-range climate variability.
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