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Abstract

Eighteen years of daily forecasts of temperature and precipitation
at Boston, representing a consensus of MIT participants, are evalu-
ated. The current state of the art in these forecasts is a skill of
roughly 50% with respect to a climatological control for the first
day ahead. About 50% of residual skill remains at the end of each
subsequent 24 h. Temperature forecasts are somewhat more skillful
than precipitation forecasts. Conditional forecasts of precipitation
amount, verified only on days when precipitation occurs, are much
less skillful.

Skills are increasing at the very slow rate of a few tenths of a per-
cent per year, except for the first day and except for the conditional
precipitation forecasts. First-day skill shows virtually zero trend,
while the quantitative precipitation forecasts have deteriorated.

Objective-guidance forecasts obtained directly or indirectly from
dynamical models have shown less skill. With time, however, they
have gained substantially on the skill of subjective forecasts based
in part upon them, and have reached approximate equality in a
number of instances.

1. Introduction

Since the indication from the first six years of the Massa-
chusetts Institute of Technology (MIT) forecasting contest
that the state of the art of short-range-forecast skill was not
advancing rapidly (Sanders, 1973), there has been consider-
able interest in this and related issues, in the real world (e.g.,
Pierce, 1976, Ramage, 1976, 1982; Zurndorfer et al., 1979,
Charba and Klein, 1980; Glahn, 1985; Gordon, 1985) as well
as on the academic scene (Bosart, 1975, 1983; Gedzelman,
1978; Firestone, 1979; Scanlon and Anawalt, 1980; Baker,
1982). Six years have passed since the last report on the state
of the MIT contest, and it is appropriate to report whether
the modest trends found at that time (Sanders, 1979) have
continued.

2. The MIT forecasts

Predictions are made Monday through Friday, on a mostly
voluntary basis, for Boston for the first, second, third, and
fourth 24-h periods following the normal submission time
of 1800 GMT. Contestants range from freshmen to faculty,
with widely varying amounts of experience. As shown in the
sample forecast form (Fig. 1), the forecasts are for the 24-h
maximum and minimum temperatures in °F (7max and
Twmin), a probability distribution over six ranges of precipi-
tation amount in percent (PP), and for an amount cate-
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gory in 20ths of inches (P). The Tmax forecasts refer to 24-h
periods 12 h earlier than those to which the others pertain,
and the P forecast is discarded except on those occasions
when a measurable amount falls (or, since 1982, when any
amount falls).

The scoring rules are absolute error for Tmin, Tmax, and
P, and the ranked probability score (Epstein, 1969; Murphy,
1971) for PP. A consensus, formed on any day when two or
more forecasts are submitted, will receive major attention
here. Error points are accumulated during each session of
the contest, which begins on each academic registration day
in the Fall term (F), Spring term (Sp), and Summer term
(Su).

A full range of graphical and numerical products, re-
ceived from The National Weather Service, (NWS) are
available for free and uninhibited consultation. Individuals
are ranked according to their standing relative to consensus
(almost always inferior), calculated for those days when
they contributed to it; climatological MOS (model output
statistics) (Klein and Hammons, 1975), LFM (limited-area
fine mesh) (Newell and Deaven, 1981) and NWS local (FP4)
forecasts are verified for comparison where appropriate.
Other details are given by Sanders (1973, 1979).

3. Levels of Skill

Skill is defined as the reduction in error points of the fore-
casts in question relative to the score of the control forecast,
understood unless otherwise stated to be a forecast of the
climatological mean, divided by the control score and ex-
pressed as a percent. The MIT results; averaged over the 18
years from fall 1966 through summer 1984 for Tmiv and PP,
over the period from fall 1974 through summer 1982 for P
(the change in acceptance criterion without a change in the
climatological forecast then put this control at a decided
disadvantage), and from spring 1979 through summer 1984
for Twmax, appear in Fig. 2. The skill for each 24-h period is
attributed to the ending time of that period.

Temperature forecasts show more skill than precipitation
forecasts, in terms of the scores computed. This is particu-
larly so for the conditional P contest, in which the undenia-
ble skill in distinguishing no-rain days from others is not re-
flected. The decay of skill with range is approximately
exponential out to four days for temperature, with a loss of
about 40% of the residual skill each day from the first-day
value of about 55%. With precipitation, the exponential loss
at the faster rate of about 50% of residual brings the modest
first-day skills of about 45% for the PP and 20% for the P
forecasts to dubiously useful levels by the third day, where-
after virtually all skill is lost. Bosart (1983) has found
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FiG. 1. Sample forecast prepared on 13 December 1984. Climatological forecasts (°F for temperature, percent for precipitation probability,
20ths of inches for precipitation category).

somewhat greater skill levels for fall and spring in a parallel
contest at the State University of New York at Albany
(SUNYA), due mainly to the Tmax forecasts in which uncer-
tainty concerning the maritime factor at Boston limits MIT
skill. Even discounting these forecasts, the SUNYA results
show about 2% greater skill; Bosart’s reasons for this con-
vey more generosity than conviction. The small difference
suggests that our results are representative for locations in
the northeastern United States.

National Weather Service forecasts deal generally with
12-h periods and are thus more demanding. With some al-
lowance for this effect, skill levels indicated in NWS fore-
casts by Zurndorfer et al. (1979) and by Glahn (1985) seem
comparable to ours. In New Zealand, Gordon’s (1985) re-
sults show a more-rapid decay with range for temperature
and generally lower values for probability of precipitation,
with both skills nearly vanishing by the end of the second
day, illustrating the difficulty of forecasting in a maritime
climate with relatively sparse data coverage.

4. Trends with time

Trends of skill over the available periods of time are dis-
played in Figs. 3-6. Because of prominent seasonal varia-

tions, results are shown separately for fall, spring, and
summer, except for Tmax in which the five-year period of rec-
ord precluded such a stratification.

With seasonally stratified results merged, and the P fore-
casts excluded, the mean regression trends of skill are up-
ward: +0.01% per year for the first day, and +0.54%,
+0.31%, and +0.10% for succeeding days. Thus the loss of
skill for the first day, deplored by Sanders (1979) in the last
report, has been halted, but just barely, and at the cost of
slightly more modest estimates of the rate of gain for subse-
quent days.

Bosart (1983), for the SUNYA equivalent of our Tmin and
PP forecasts, shows averaged /oss of skill at the annual rate
of eight tenths of a percent (from the regression coefficients
in his figures 1and 2) per year. Ramage (1982), in a study of
NWS 12-h forecasts of precipitation probability up to 36-h
range, found evidence of increasing skill only in the eastern
and central regions in winter and there at an annual rate of
only one or two tenths of a percent. In a study designed to
see whether Ramage’s pessimism would withstand reexami-
nation of the data and extension in time, Glahn (1985) con-
sidered these NWS forecasts from 1967 to 1982. He found
increasing skill year-round for all regions and all periods, at
a rate for the northeastern region of eight tenths of a per-
cent per year in the cooler season and seven tenths in the
warmer.
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Fi1G. 2. 18-year average forecast skill of consensus with respect to
climatology, as a function of range.

The trends for each of our curves in Figs. 3-5 cannot be
individually relied upon, because the explained variances
are so small. Nevertheless, however they are combined or
viewed, the preponderance of regression coefficients is posi-
tive. So our results fall within the range found by others, but
rather closer to Glahn’s results than to Ramage’s. What
seems clear is that we are a long way from perfection and
will likely take a long time to get there, even with these
common variables.

The conditional highly resolved quantitative P forecasts
at MIT and SUNYA, evidently more difficult than precipita-
tion forecasts undertaken elsewhere, create both opportun-
ity and frustration. At MIT, trends were mostly upward
from 1974 to 1978 (c.f. Sanders [1979], his table 3), but since
then they have suffered mightily, being distinctly downward
from 1974 to 1982 (Fig. 6) except in fall. (The rise since then
is spurious, as indicated earlier.) At SUNYA, on the other
hand, the trends were up from 1976 to 1982 (c.f. Bosart
[1980], his figure 3) At both places, however, the result for a
given semester typically depends on the outcome of a few
big events, which can be either great triumphs or crushing
defeats. As a result the variation from one semester or year

to the next is large and erratic, and computed trends are far
from robust.
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F1G. 4. Time series of deviation of consensus skill in maximum
temperature forecasts from five-year or six-year seasonal average.

5. Consensus versus others

a. The author

The group that constitutes consensus has consisted mainly
of students, many of whom have been freshmen whose par-
ticipation is their first (and occasionally last) exposure to
meteorology. Were they individually much less skillful than
the author, with 40 years of forecast experience, mostly in
New England, then we might expect that the latter would
show skill relative to consensus. Table 1 shows that this is
not the case. Overall, the author loses to consensus by about
2%, with no clear distinction among the types of forecast.
Beginning students tend to lose individually by substantially
larger amounts, but their consensus is entirely respectable.
We have not developed the data to confirm or refute Ged-
zelman’s (1978) finding that an individual plateau of fore-
casting skill is reached after about 20 forecasts, but we be-
lieve that our experience is similar. There is little consistent
trend in the author’s skill relative to consensus, with the
mean close to zero and about half the regression coefficients
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tion category forecasts from nine-year or eight-year seasonal aver-
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of either sign. A similar analysis by Bosart (1983) shows
similarly small trends, but his skill averages slightly above
consensus. Evidently the students are less-skillful forecast-
ers at SUNYA than at MIT. At either place an individual,
whether experienced or tyro, rarely beats consensus on the
average.

b. NWS FP4 forecasts

The forecasts for Boston formulated by the local NWS of-
fice shortly after our initial time of 1800 GMT, and dissem-
inated as part of the FP4 message, have been entered in our
Twmiv and Twmax contests as appropriate since the 1978/79
academic year. Their skill relative to consensus is shown in
Table 2. That these forecasts for 12-h intervals lose to con-
sensus, by a substantial margin in the case of Tmn, is partly
attributable to a disadvantage placed on them by verifying
them from 24-h extremes. Possibly the main reason is our
freedom to concentrate on a single station, whereas the
NWS office has a forecast responsibility for several. It does
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TaBLE 1. Mean and trend of skill of author forecasts with re-
spect to consensus, by season for Tvin and PP, merged for Tmax
and P. The overbar denotes the skill, averaged over the period;
d[ 1/d(yr) its annual rate of change (percent); and r is the corre-
lation coefficient between skill and time. Fall of 1967, spring of
1968, and spring of 1981 have been excluded.

[ 1 dl Vdor)
Season Years Day (%) (%) r
TMIN
Fall 1966-83 1 +0.2 —0.09 —0.05
2 —-3.5 +0.78 +0.53
3 =4,2 +0.01 +0.01
4 —3.5 —0.33 —0.35
Spring 1967-84 1 —53 —0.04 —0.02
2 —8.1 —=0.13 —0.07
3 =5.6 —0.89 —0.54
4 —4.8 —0.11 —0.09
Summer 1967-84 1 +1.3 —0.73 —0.37
2 —1.0 —0.30 —0.14
3 +0.8 +0.34 +0.22
4 =f.3 —0.09 —0.05
PP
Fall 1966-83 1 —24 —0.39 —0.18
2 +0.4 +0.04 +0.02
3 +1.7 +0.51 +0.37
4 —-1.2 —0.25 —0.27
Spring 1967-84 1 +1.2 +0.36 +0.20
2 5.2 —0.50 —0.33
3 —4.5 —0.76 —0.38
4 —0.9 —0.08 —0.14
Summer 1967-84 1 —1.0 +0.72 +0.28
2 +2.1 +0.61 +0.33
3 =2.7 —0.12 —0.01
4 —1.1 —0.19 —0.14
TIWAX
Spring 1979- 1 —12.0 —1.10 —0.23
Summer 1984 2 =2.3 +1.20 +0.38
3 +1.6 +1.22 +0.66
4 +1.4 +0.97 +0.51
P
Fall 1974- 1 =53 +0.05 +0.02
Summer 1984 2 —1.6 +0.07 +0.04
3 —1.0 +0.25 +0.18
4 =15 +0.39 +0.45

TABLE 2. Mean and trend of skill of FP4 temperature forecasts
with respect to consensus. Variables as in Table 1.

( ] d[ 1/dor)

Day (%) (%) r
Trn (F78-Su84)

1 —14.8 —0.59 —0.24

2 =11.6 —0.26 —0.12

3 —12.0 —0.33 —0.16
Trax (Sp79-Su84)

2 —1.6 +0.21 +0.17

3 +0.0 —0.26 —0.11

not appear in any case that our results can be discounted as
representing less than the state of the art.

¢. MOS temperature forecasts

Forecasts of maximum and minimum temperature, pre-
pared by the MOS technique from the current 1200-GMT
LFM model run, are available to the forecasters and are
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TABLE 3. Mean and trend of skill of MOS temperature with respect to consensus, by season for Twin and merged for Tuax. Varia-

bles as in Table 1. Year of equality, by linear trend, indicated as yr[0]. In far right column, asterisk denotes 1978 forecast; +

d[ )/d(yr) 1972-78.

is sign of

[ ] al Vdyr)
Season Years Day (%) (%) r yr[0]
Twin
Fall 1972-83 1 —28.4 +0.59 +0.17 2026
—1963*
2 =138 +0.46 +0.17 2009
+1992*
3 —10.1 +3.84 +0.85 1980
+1987*
4 ~3.1 +0.99 +0.35 1981
—1997*
Spring 1973-84 1 —26.2 +2.49 +0.52 1989
+1990*
2 =10.6 —0.01 —0.00 1253
+2017*
3 —18.0 +0.95 +0.32 1997
—1900*
4 =72 +1.17 +0.39 1985
—1959*
Summer 1973-84 1 —17.4 +1.35 +0.26 1991
+2009*
2 =~6,7 +0.21 +0.05 2010
+1978*
3 ~11.2 +0.45 +0.09 2002
—1973%
4 =8.1 +0.85 +0.28 1988
—2012*
TAIA.\'
Spring 1979~ 2 ~0.6 +0.25 +0.14 1982
Summer 1984 3 +4.0 +0.92 +0.43 1980
4 —4.8 —1.20 —0.47 1976

verified for Tmin on days 1 and 2 and for Twax on days 2 and
3. The temperatures from the five-day forecast received a
few hours after our forecast deadline are used for T on
days 3 and 4 and for Tmax on day 4. These are denoted, col-
lectively albeit somewhat inaccurately, as the MOS fore-
casts. Their skill relative to consensus is documented in
Table 3, for the periods indicated. A similar comparison
was made earlier (Sanders, 1979) but results were not then
stratified by season. They now have been and are included
in Table 3.

The level of skill has been less than that of consensus in
all contests (except Tmax day 2), averaged over the periods
of comparison. Similar results are shown by Bosart (1983).
The trends, however, even more now than at the earlier
time, show that the objective-guidance forecasts are gaining
on us and have overtaken us, or will do so in the near future
in a number of contests. For reasons that are not entirely
clear, we seem to do poorly on Twax forecasting, with re-
spect not only to SUNYA, but also to the climatological
control (Figs. 2 and 4) and to the MOS guidance (Table 3).

d. LFM quantitative precipitation forecasts

The amount of precipitation indicated at Boston in the al-
phanumeric message based on the 1200-GMT LFM run has
been used for day 1 of the P contest since fall 1974. This
message also provides a forecast for the first 18 h of day 2,
which since spring 1982 we have completed by arbitrarily
adding the last 6 h of precipitation forecast at LaGuardia,

some 300 km to the southwest whence most storms come.
This guidance material is available to the forecasters. The
level and trend of skill of these forecasts relative to consen-
sus is indicated in Table 4. As in the case of the MOS temper-
ature forecasts, the skill is less but the trend is upward (ex-
cept in the fragile summer contest); the exclusion of a single
year (dominated by a single event in which a preposterous
“bull’s eye” of heavy rain happened to be predicted directly
over Boston but mercifully failed to occur), changed the es-
timated trend dramatically. These trends no doubt reflect in
part the beneficial effect of the removal during the period of
study (Newell and Deaven, 1981) of the large positive bias
identified by Bosart (1980) in the LFM forecasts. Note,
however, that the short-series day 2 forecasts do not enjoy
this effect, yet show a pronounced upward trend, for what
little it is worth. The results in Table 4 indicate that the day
of overtaking is upon us, contrary to the indications given
by Bosart (1983).

6. Concluding Comments

From an 18-year experiment we have established that:

1) The current state of the art in these daily forecasts
shows a loss of skill with respect to a climatological
control of roughly 50% per 24 h of increasing range.
This result is representative of locations in the north-
eastern United States.
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TABLE 4. Mean and trend of skill of LFM precipitation fore-
casts (P) with respect to consensus, by season for day 1, merged
for day 2.

[ 1 4l Vdor)
Season Years (%) (%) r yr(0)
Day 1
Fall 1974-83 —-31.3 +3.90 +0.43 1987
Spring 1975-84 —30.6 +5.21 +0.74 1985
Summer 1975-84 —-31.7 —3.87 —0.30 1971
Excluding —18.3 +2.03 +0.62 1988
Summer 1983
Day 2
Spring 1982- —8.2 +3.26 +0.35 Sp 84*

Summer 1984

*Season (0).

2) This skill is increasing at the very slow rate of a few
tenths of a percent per year. This result is confirmed in
NWS forecasts by studies conducted by Zurndorfer et
al. (1979) and by Glahn (1985). Conditional forecasts
of precipitation amount, besides being less skillful, fail
to show this improvement.

3) Objective-guidance forecasts obtained directly or indi-
rectly from dynamical prediction models show a skill
that has gained substantially on the skill of subjective
forecasts based upon them in part, and that is now
near equality in a number of instances. This result is
also consistent with findings of Zurndorfer er al.
(1979).

What should the response of the forecasting community
to this state of affairs be? Perhaps we should set the beating
of guidance as a specific goal, thinking to assuage our
wounded pride as well as to provide slightly better forecasts.
But is this an effective use of human skill? Perhaps we
should restructure the forecasting enterprise. Retail-special-
ist forecasters, weeding out the occasional nonsense that
emerges from the computers, might concentrate on more ef-
fective ways of conveying the routine information to those
who wish to hear it. Warning-specialist forecasters might
concentrate on the few extreme events. We assume without
much evidence, aside from that suggested by Firestone
(1979), that experienced forecasters have a relative advan-
tage here.

How skillful should forecasts be, and what rate of ad-
vance would be satisfying? There is great public interest in
the subject of forecast skill, but these questions are never
asked. Rather, there seems to be an unexamined assumption
that “if we can put a man on the moon we ought to be able
to forecast tomorrow’s weather.” There is a comparable at-
titude in medicine toward the curing of the common cold.
With respect to the stock market, on the other hand, there
seems to be little dismay at the limited skill in prediction a
day ahead (although as with weather forecasts there is great
interest in hearing about it). Why is more expected of us?
Could it be, as Ramage (1982) has so succinctly put it, that
“the great technological developments of the duodecen-
nium have apparently belied the expectations of their
proponents’?

Finally, what is the prognosis for the MIT forecasting
contest? As Fig. 7 shows, there has been a slow decrease
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FiG. 7. Time series of number of days per academic term on
which a consensus forecast was available, and number of contest-
ants making more than one forecast in a given academic term.

over the last decade, both in the number of days over a
given semester on which a consensus is assembled and the
number of forecasters contributing to it. With the retire-
ment of the author from MIT in the summer of 1984, we
must anticipate a continuation of this trend. Perhaps it is
just as well. At its inception this contest represented some-
thing new and untried. Surely there are more new things to
try.
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