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national weather service public forecast verification summary

APRIL 1973 TO MARCH 1978

Duane S. Cooley, Frederick S, Zbar,
Dean F, Dubofsky and A. Kristine Campbell

ABSTRACT, Both WSFO and NMC forecasts of temperature and
precipitation made gradual improvements during the 5-year
period from 1973 to 1977. One notable exception occurred
during 1977, when the percent correct for precipitation
decreased to the 1975 value after rising sharply during

1976. WSFO temperature and precipitation forecasts con-
tinue to show an improvement over NMC guidance on a nation-
wide basis; however, the margin of improvement has generally
decreased during the last 5 years.

1. INTRODUCTION

The public verification program consists of two forecasts per day
based on the 0600 and the 1800 Greenwich mean time (GMT) surface maps.
These forecasts are for three successive 12-hour periods:

SURFACE MAPS PERIODS OF FORECASTS (GMT)
0600 GMT 1200-0000 0000-1200 1200-0000
Today Tonight Tomorrow
1800 GMT 0000-1200 1200-0000 0000-1200
Tonight Tomorrow Tomorrow Night

Two seasons comprise the forecast year: Summer, April-September; and
Winter, October-March. The forecasts verified are maximum and minimum

temperatures and probability of precipitation.

For the 5-year period, 1973-1977, data used in the public verification
program were verified for a maximum of 92 stations (hereafter referred to
as FP) shown in Figure 1. There were variations in availability of data due
to changes in the collection system. The following are stations which were
hot available for more than one of the last 5 years: no forecasts have been
verified for Topeka, Kansas, since 1975, and data from Austin, Texas, and
Baltimore, Maryland, are unavailable prior to 1975. Only data for those 92
stations and Lubbock, Texas, when available, were used for the years earlier
than 1973. As a result, these scores may not agree exactly with those in
Previous Technical Memorandums on public verification, when many more sta-
tions were used.



Up to 51 Weather Service Forecast Offices (WSFO"s), a subset of the 92
FP stations, were verified in 1973-1977* Back through 1966, all available
data for these stations plus Lubbock, Texas, were used. Several of the
present-day WSFO"3 were classed as Weather Service Offices (WSO"s)~actually»
Weather Bureau Offices (WBO"s)—oprior to the early 1970°"s. All data for these
offices were included, regardless of their status at the time, so as to use as

many of the 52 stations as possible.

Numerical guidance in the form of probability of precipitation (PoP)

and temperature forecasts was not provided for the Alaska and Pacific Regions
or for Puerto Rico. As a result, graphs for comparative FP scores include no
more than 87 stations, and graphs and tables for comparative WSFO scores
include no more than 46 stations. Both comparative FP (up to 87 stations)
and non-comparative FP (up to 92 stations) scores are given in the appendix.

Background information in the verification program may be found in the
1966 annual summary (Roberts, et al. 1967) and in the 1972 annual summary

(Sadowski and Cobb, 1974).

2.  ANALYSIS OF VERIFICATION DATA

Cooley et al. (1977) suggested data be analyzed with respect to the
following questions:

a. What is the national level of 3kill in present-day precipitation
and temperature forecasts?

b. How did scores of forecasters compare with corresponding scores
of the National Meteorological Center (NMC)?

c. How much better were precipitation probability forecasts than
forecasts of climatological frequency?

d. What was the percentage improvement of mean absolute forecast
error in temperature over mean 24-hour temperature variability?

Statistical measures of forecast errors for precipitation and temperature
used in the National Weather Service (NWS) verification program are found in
Tables la and 1b. For the purpose of percent correct verification, the
categorical forecasts of precipitation are those where probabilities are equal
to 50 percent or greater; forecasts having values of 40 percent or less are

placed in the no precipitation category.

All scores are presented by region, as well as summarized nationally for
temperature and precipitation in the appendix. The results are given for all
three forecast periods for each cycle and season and 3erve as the basis for
the statistics quoted in the following sections for 1973 to 1977.
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Table la.—Forecast error measures and statistics

Precipitation

ﬁélative precipitation” frequency: PF = HHWBSF BF ?5?8&8§fa5£9?08?ses

F
Brier scores: B = | (F. - 0.)2, 0. = observed precipitation
= 1 1 1

X
F
occurrence (0 or 1), F~ = forecast probability, and F = total number

of forecasts.

F
Climatological Brier score: BC = — E (C - 0,)2 where C is the
F i=l L 1

long term climatological relative frequency.

Percentage improvement of Brier score g - BC - B % 100
over long term climatology: - BC
Sample Brier score: BS = PF (1 - PF)

_ i BS - B
Percentage improvement of Brier score §s = ——~ ~ x 100

1P P
Mean probability of precipitation: MP = —E F. where P - number
r i=

of precipitation cases and FP = probability forecast when precipitation

was observed.

F-P

EI F where F = the

*

Mean probability of no precipitation: MN = f
roi

probability forecast when precipitation was not observed.

Total percent correct: PC = NumD __gfrcorract forecasts

Total number of forecasts

(using .50 probability as the threshold value). Values > .50 are used
as nyesM forecasts.



Table 1b .-"-Forecast error measures and statistics——continued

Temperature

1 N
— E

Mean absolute forecast error: TE = |IT_ - T~] where N = number

i=I
of forecasts, T~ is the forecast temperature, and Tq is the observed

temperature.

N
Mean algebraic forecast error: TG =— E (T -T)

1 M
Mean absolute 24-hour temperature variability TV = — E |Tq - T 7]

where M is the number of pairs of temperature values, TQ is today’s
observed maximum or minimum temperature, and T corresponding

observed value one day later.

Percentage improvement of mean absolute forecast error over mean

24-hour temperature variability: TC = v - TE x 100

Mean absolute forecast error when TV exceeds 10°: TM = sum of

absolute temperature errors when 24-hour observed temperature changes
exceed 10 , divided by the number of such errors.

Percent temperature errors in classes:

Tl = less than 6° = 100 x (number of 0° to 5° temperature
errors) / (total number of temperature forecasts)

T2

6 to 10 = 100 x (number of 6° to 10° temperature
errors) / (total number of temperature forecasts)

T3 = 11 to 15 = 100 x (number of 11° to 15° temperature
errors) / (total number of temperature forecasts)

T4 greater than 15° = 100 x (number of greater-than-15°

temperature errors) / (total number of temperature forecasts)



3.  PRECIPITATION
3.1 1966-1977

Figure3 2 and 3 indicate no clearly identifiable trend for probability
of precipitation forecasts for the period of 1966 to 1977. The year 1972
shows the lowest percent correct scores; yet that year field forecasters made
the largest improvements to NMC guidance. Upon looking at more detailed sta-
tistics for 1972 than those given in this report, we find the climatological
Brier score (BC) indicates that it was an unusual year with regard to pre-
cipitation. The BC for 1972 was 0.1625, while 0.1481 was the average for the
12-year period 1966-1977. The BC for the cool season of 1972 was 0.1724,
compared to 0.1515, the normal.

Values given below are annual averages for three periods, both cycles.
The actual ranges in percent correct were:

YEAR WSFO’s NMC FP NMC
1972 82.9% 81.6% 82.9% 82.0%
1976 86.3% 85.8% 86.1% 85.8%

3.2 1973-1977

Verification scores for percent correct started improving 3lowly but
steadily in 1973* then jumped over 2 percent in 1976, only to lose the same
amount in 1977. No obvious reason could be found to explain this unusual peak.

Using Brier scores for the 46 WSFO"s, Table 2 shows the percentage of
improvement field forecasters made over model output statistics (MOS)
guidance. In 1976, the improvement by the forecaster was suddenly cut in half
for the first and second periods. During the next year, forecasters doubled
their scores for the second and third periods, but first period remained six
percent.

Table 2: Improvement of forecast office precipitation
forecasts over guidance (%)

Period 1! Period 2 Period 3
1973 11.6 2.4 0.9
1974 12.2 3.8 0.8
1975 11.0 5.5 2.4
1976 6.0 2.8 2.1
1977 6.0 5.3 4.3

One reason for the improvement in PoP guidance during 1976 may be a
change to using the limited-area fine-mesh model (LFM) as input to the MOS

equations. Before 1976, the MOS equations were based on predictions from
the primitive equation and trajectory models.



To answer the question of how much better precipitation probability fore-
casts are than forecasts of climatological frequency, the reader i3 referred
to the comparative scores in the appendix. The columns labeled ''S” give the
percent improvement of Brier score over the climatological Brier 3core. When
averaged over 5 years, the FP forecasts ranged from 17 percent better in the
third period to 34 percent better in the first period, while NMC forecast
improvement ranged from almost 16 percent in the third period to 28 percent
in the first period. The improvement is also illustrated in Figure 4.

4. TEMPERATURE

4.1 1966-1977

Figures 5 and 6 show a general improvement in temperature forecasting.
In 1968, both NMC and the forecasters reached a plateau, maintaining about
six-tenths of a degree separation in mean absolute temperature error (MAE)
for 5 years. Guidance has improved slowly but steadily since then, narrowing
the difference to one-tenth of a degree in 1976. Values given below are
annual averages for three periods, both cycles. The actual ranges in MAE are:

YEAR WSFO"s NMC YEAR FP NMC
1966 4.0 5.3 1966 4.1 5.3
1976 3.6 3.7 1977 3.6 3.8

Figure 7 shows a marked reduction of the percentage occurrence of large
temperature errors over the last 12 years.

4.2 1973-1977

The beginning of this 5-year period coincided with the start of NMC"s
improvement in temperature forecasts. This steady trend may also be seen
in Table 3, which shows the actual percent improvement of forecasters over
guidance using MAE for the 46 WSFO"s. Forecasters showed less improvement
each year in all periods until 1977, when they gained what was lost in 1976.
One reason for the improvement in guidance was the change from using the
perfect prog to using MOS temperature forecasts in July 1973. Further
improvements were made in the MOS equations after that date.

Table 3: Improvement MAE, forecast offices - I

over guidance (0)
Period 1! Period 2 Period 3

1973 17.7 13.5 6.4

1974 11.1 10.9 2.9

1975 6.7 4.8 2.8

1976 3.9 2.7 1.7

1977 5.6 4.3 3.1



The percentage improvement of MAE over mean 24-hour temperature
variability may be found in the appendix under columns labeled "TC."
When averaged over the 5-year period, FP forecasts ranged from 21 percent
improvement in the third period to 38 percent in the first period. Forecast
improvement by NMC"s numerical guidance ranged from 18 percent to 32 percent.

5.  SUMMARY

During the period 1966—1977» changes in most scores were 3mall from year
to year. However, temperature forecasts have improved consistently and con-
siderably over the period. Mean absolute temperature errors for the maximum
and minimum temperature forecasts dropped from 5.3 to 3*8 degrees (F) for NMC
and from 4.1 to 3*6 degrees (F) for the FP stations. There has also been a

reduction in forecast errors of greater than 10 degees (F) by WSFO"s, dropping
from 6.2 percent to 4.1 percent.

In predicting precipitation, percent correct scores have been on the rise
since 1972, with an unexpected peak in 1976. During the period 1966 to 1977,
the range of annual average values for the forecasts by NMC was 82 to 85.8

Percent correct. The FP forecasts by the WSFO’s, or their predecessors, were
82.9 to 86.1 percent correct.

In general, year to year variations in scores for guidance and public
forecasts can not be attributed to any one cause. Changes in the dynamic
models and the periodic addition of new predictors to the MOS equations, as
well as the field forecaster®™s growing familiarity with the guidance and its
characteristics have produced a gradual improvement in forecasting by both.

Information on NWS verification of other forecast variables is available
ih publications by Techniques Development Laboratory, such as: Klein and

Hammons, 1975; Glahn and Lowry, 1976; and Zurndorfer et al., 1979
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APPENDIX

CONDENSED SUMMARY OF RESULTS

All scores for precipitation and temperature from 1973 through 1977 are
presented by region and nationally. Results are given for 0600 GMT and 1800
GMT forecasts for all three periods and both seasons.

Pages 17 through 76 give comparative scores for FP (up to 87 stations)
and NMC guidance. Pages 77 through 136 give non-comparative scores for all

FP (up to 92 stations) forecasts.

16
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