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NATIONAL WEATHER SERVICE PUBLIC FORECAST VERIFICATION SUMMARY
APRIL 1978 TO MARCH 1982

Paul D. Polger

ABSTRACT. Both WSFO and NMC forecasts of temperature and
precipitation continued to improve during the 4-year period
from 1978 to 1981. The NMC guidance for temperature was more
erratic, but on average the difference between NMC and the
WSFO1ls remained consistent with the previous 4-year period.
The percent correct for precipitation climbed steadily to a
peak in 1980 before a reversal. The percent improvement of
the probability of precipitation Brier score over climatology
was at its highest levels for the 4 year period, prior to the
reversal in 1981.

1. INTRODUCTION

This report presents the results of the public verification program. The
program includes temperature and precipitation, but does not verify several

important parameters, such as heavy precipitation. It is not the intent of
this document to explain variations in trends, but simply to present in a
general format the results of a basic statistical summary. It is intended

that this report will be the last in a series with a similar format that began
with data from 1966.

The forecasts for the public verification program are prepared twice a
day and transmitted as the Coded Cities Forecasts (FP4). The transmission

times are approximately 1000 and 2200 Greenwich mean time (GMT). These
forecasts, which are based on the 0600 and the 1800 GMT surface maps, are for
three successive 12-hour periods:

FP4 PERIODS OF FORECASTS (GMT)

1000 1200-0000 0000-1200 1200-0000
TODAY TONIGHT TOMORROW

2200 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 4-year period, 1978-1981, data used in the public verification
program were verified for a maximum of 92 stations (hereafter referred to as
FP) shown in figure 1. However, the summaries presented here include a



maximum of 90 stations. Two stations, Los Angeles, California and Atlantic
City, New Jersey were not included because of large disparities in the
locations being forecast for and the site of the corresponding observations.
There were other stations deleted for one or more seasons due to problems in
the data collection system. These included: Jackson, Mississippi, summer and
winter 1979; Honolulu, Hawaii, summer 1979; San Francisco, California, summer
1980. Variations in the number of stations used in verification should be
kept in mind when comparing scores from previous Technical Memoranda on public
verification.

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 85 stations and graphs and tables for comparative WSFO scores
include no more than 44 stations. Both comparative FP (up to 85 stations) and
non-comparative FP (up to 90 stations) scores are given in the appendix.

Background information on 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 skill 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 Ib. 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 serve as the basis for
the statistics quoted in the following sections for 1978 to 1981.



Table 1la.—Forecast error measures and statistics

Precipitation

7\ N

ﬁ _ .7 , number of precipitation cases
elative precipitation freﬁuenc¥: PF =

—_————— _Z —————

number of forecast periods

Brier score: B = %-i (Fi - Oi.)2 CL = observed precipitation

occurence (0 or 1), F* m fTorecast probability, and F = total number of

T 1=

forecasts

H H H - - N _ N
Climatological Brier score: BC | (C onN) 2 \diere C is the long

term climatological relative frequency.

Percentage improvement of Brier score S = BCBé B X 100
over long term climatology:
Sample Brier score: BS = PF (1 - PF)
_ _ _ BS - B
Percentage improvement of Brier score SS = BS X 100
over sample climatology:
1\
Mean probability of precipitation: MP P izl where P = number
of precipitation cases and F = probability forecast when precipitation
i

was observed.
Mean probability of no precipitation: MN = EEE [ N @ﬁﬁﬁﬁf

=1 1
FN = the probability forecast when precipitation was not observed,

Total percent correct: PC = Number of correct forecasts
Total number of forecasts

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



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

Temperature

1 N
Mean absolute forecast error: TE = ~ | T - T~J where N = number of

forecasts, T~ is the forecast temperature, and T" is the observed

temperature.
1 N
Mean algebraic forecast error: TG = .Z, (_-T)
N I=*1 r 0
1M
Mean absolute 24-hour temperature variability: TV =M 1i-j | Tq “ |

where M is the number of pairs of temperature values, T is today’s
observed maximum or minimum temperature, and Tq_” is the corresponding
observed value one day later.

Percentage improvement of mean absolute forecast error over mean 24-hour
temperature variability: TC = Vg IE X 100

Mean absolute forecast error when TV exceeds 10°: TM = sum of mean
absolute temperature errors when 24 hour observed temperature changes
exceed 10 , divided by the number of such errors.

Percent temperature errors in classes:

T1 = less than 6° = 100 x (number of 0° to 5° temperature
errors) / (total number of temperature forecasts)

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

~ H 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 1966-1981

Figures 2 and 3 show percent correct of the NMC guidance and the forecast
offices for precipitation and no precipitation forecasts. While no steady
trend is evident over the entire period, since 1972 there have been
successively higher peaks in 1976 and 1980. In comparing NMC to the FP the
values below give the percent correct for the poorest year, 1972, and the peak
year of 1980. The values are annual averages for three periods, both cycles.

YEAR FP NMC
1972 82.9. 82.0
1980 87.3 87.0

Figure 4 shows the percent improvement of the WSFO Brier scores over the
climatological Brier scores for probability of precipitation. It is evident
that there has been an improvement for the 16-year period. Note that the low
point in figures 2 and 3, for the year 1972, shows up as a relative maximum in
figure 4 for the 10-year period 1966-1975. In an earlier publication (Cooley
et al, 1981) it was pointed out that the climatological Brier score was
unusual for that year.

3.2 1978-1981

The last four year period shows a steady improvement in percent correct
for the FP to a peak in 1980 and then a decline of 2.4 percent in 1981. By
forecast period the difference between 1980 and 1981 was 1.9, 2.4, and 2.9
percent for the Tfirst, second and third periods respectively.

The percent improvement of the probability of precipitation Brier score
rose to a high point in 1978 and then declined in the next three years.
However the improvement remained above all but one of the preceding 12 years
(See Fig. 4). The values below show how the latest four year period compares
to the three previous four year periods. They are shown for three forecast
periods, both cycles, averaged for a four year period.

Period 1 Period 2 Period 3
1966-69 30.3 19.5 12.3
1970-73 33.2 22.0 14.4
1974-77 33.7 24.8 17.4
1978-81 37.8 29.1 22.8



It is evident that the most dramatic gains have been in the second and
third periods. Identifying reasons for the improvement is always difficult.
Factors most likely contributing to the gains would be improved guidance and
forecaster skill in interpreting the guidance.

4. TEMPERATURE

4.1 1966-1981

Figures 5 and 6 show a general improvement in temperature forecasting as
measured by the mean absolute errors. The spread between NMC and the
forecasters remained about six-tenths of a degree for a five year period
beginning in 1968. Thereafter, the guidance improved gradually through 1976,
but from 1977 to 1981 has been more erratic. The FP forecasts have shown a
gradual but consistent improvement for most of the entire period.

Figure 7 shows a marked reduction in the percentage of large forecast
errors over the 16 year period. The values below show the percent of errors
greater than 10 degrees by season and forecast period for 1966 and 1981.

Period 1 Period 2 Period 3
Summer
1966 2.2 4.1 6.8
1981 1.5 2.2 3.0
Winter
1966 6.6 10.9 15.1
1981 3.2 4.6 6.7

The reduction in the percentage of large errors from 1966 to 1981 ranged
from 32 percent for the warm season, First period, to 58 percent for the cool

season, second period. Overall, the reduction of errors averaged 50 percent.

4.2 1978-1981

The latest four year period shows a continued decline in the percent of
errors greater than 10 degrees, as illustrated in figure 7. The statistics,
presented in the appendix, also show a comparable decline for errors of
greater than 5 degrees.

In terras of guidance versus the forecaster, the values below show results
averaged for each of the four year periods from 1966 through 1981. The

numbers are the mean absolute error for the WSFO®"s and NMC as well as the
difference (DIFF) between them.



WSFO's NMC DIFF

1966-69 3.93 4.78 .85
1970-73 3.83 4.43 .65
1974-77 3.70 3.93 .23
1978-81 3.55 3.78 .23

While the performance of guidance was more erratic during the latest four
year period, on average, the improvement by the forecaster remained consistent
with the previous four year period. The gap between the WSFO’s and NMC was
much larger for the two prior four year spans. A similar result is evident
from the percent improvement of mean absolute forecast error in temperature
over mean 24-hour temperature variability. For the first half of the 16-year

period the WSFO’s averaged 12.9 percent better than NMC, but for the second
half the difference averaged 2.4 percent.

5. SUMMARY

For precipitation forecasts during the period 1966-1981 the percent
correct has been on the rise since 1972, with peaks in 1976 and 1980. The
range of annual averages for the 16-year period is 81.6 to 86.9 percent
correct for NMC, and 82.9 to 87.3 percent correct for the WSFO’s. During that
period there has been steady improvement in the forecast probability of
precipitation Brier score over the climatological Brier score.

Temperature forecasts have improved consistently for the 16-year period.
There was little variation from year to year in the mean absolute errors of
the maximum and minimum temperature. There has been a dramatic reduction in
forecast errors of greater than 10 degrees by WSFO’s, dropping from 6.2 to 3.4
percent.

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 forecaster’s skill in interpreting the guidance have produced a
gradual improvement in forecasting by both.

ACKNOWLEDGEMENTS

The author expresses thanks to Dr. Duane S. Cooley for his support in the
verification program and to Dr. Ronald L. Lavoie and Robert C. Landis for
reviewing the report. Thanks also to Linda Yoza for preparing the Tfigures and
Joyce Gaither for typing the text.



REFERENCES

Cooley, D. S., G. S. Doore, A. F. Sadowski, and G. F. Cobb, 1977: National
Weather Service public forecast verification from 1973 through 1976,
Preprints 5th Conf. on Probability and Statistics, Las Vegas, Amer.
Meteor. Soc., 344-346.

Cooley, D. S., F. S. Zbar, D. F. Dubofsky, A. K. Campbell, 1981: National
Weather Service public forecast verification summary April 1973 to
March 1978. NOAA Tech. Memo., NWS FCST-25, 136 pp.-

Roberts, C. F., J. Porter, and G. F. Cobb, 1967: Report on the forecast
performance of selected Weather Bureau Offices for 1966-67. ESSA Tech.
Memo., WBTM FCST-9, 52 pp.

Sadowski, A. F. and G. F. Cobb, 1974: National Weather Service April 1972
to March 1973 public forecast verification summary. NOAA Tech. Memo.,
NWS FCST-21, 64 pp-



>_| 33
3 scj>\% cn
Q&

N <C X

C3 5

<C O

feo

CD

>

inf
Cl- =

H>)

3=

can



“sporaad saayy ple Joj) siseoauoy (UAND 008T) uoouadlje pue

(N9 0090) Buruaow apnpoul sSa3elsS paliun Shoulwiaaluod ayl aoj) sabeaane
(yoaep-prady) Apaeap "T86T-996T A0J SISedauol uoiljelndidaad ou

pue uoirjexrdiosad (suoryels vy 03 dn) O4SM pue DJAN JO 094400 UBDUSd

NOILV1IdIOFddd d9VHIAY 1VNOILVN

:z aanbi4

IN30d3d

10BddOO

10



-sporuad
984yl 1e 104 sisedadoy (UWO 008T) uooudalje pue (LNO 0090) Buruaow

apnjoul Sa1elS pPallun SNoulWJIdaluUod a8yl aoj sabeaane (Yoaep-Trady)
Ajaeap\ -T86T-996T Sisedauoj uoirjelirdiosud ou pue uorjelrdidoaad

(suonyels g8 03 dn s_0oSM snpd S.04SM) dd pue JAN 4O 13294400 JUd2U3d

NOILV1IdIOFdd dO9VHIAVY 1VNOILVN

€ aanbiH

+N30ti13d

103HUOO



-sporaad sauyyl e 404 SISEI8.10J

(w9 008T) uoouaalje pue (UWS 0090) bBuruaow spnjpoul ssalels pajiun
SnouLWA93u0d 8yl Joj sabedane (Uoaep-prady) Ajaesapr "T86T-996T
uoryejrdioauad jo A3rjigeqoad 4oy sou0ds uaarag jedibojojewn o
19A0 sau02s aarag (suoryeis v 03 dn) (O4S| JO Juswaoadwl Jusdaad

TVNOILVN - ADO0T10LVINITO d43A0
d400S d3ldd dOd 40 LNJNIAOHdINI LN3Dd3d

¥ aanbi4

IN30d3d

INSITAI3AOHdmM

12



“sporaad 8a4ayl e 40} S3Sedauol

(W9 008T) uoouaalje pue (UNO 0090) HBuruuaow apnpoul sajels paliun
snoulwaaluod ayyr 4ol sabeasne (Yoaep-prady) AjaesaA "T86T-996T SA0443
aanjedadwal ajnjosge ueaw (suollels vy o1 dn) (O4SM pue JNN 4O uosiaedwo)d

ddN1VdddNdl dOVHIAY TVNOILVN

:g aanbiH

Nwvaw

ainmosav

j* aocoaaa BanivuBcmai

13



“sporaad @auayl e a0} siseosaaol (UND 008T) uoouuaalje

pue (1WN9 0090) BuruJaow apnjoul Sajels pallun SNOUIWAd3luU0d 3yl Joj
sobeaane (Uouaep-p1ady) AjaesA "T86T-996T SJA04ad auanjeudadwal ajnjosqe
ueaw (suorjels g o1 dn siQGM sSnpd S.04SM) dd pue JNN JO uosiaedwo)d

JddN1LVd3dNdL 3OVH3IAY 1VNOILVYN

9 aanbi4

d « dOdd3 3dniVd3dIAI31l 3 1mOS8V NV3W

14



“sporaad asaayyr e 4ol sisedauol (UNO 008T) uooudalje

pue (1AN9 0090) Buruaow apnpoul sajelsS paliun SNOUIWAdIUOD Byl J0)
sobeaone (Uoaep-p1ady) Apaeapr "T86T-996T () soaaubop 0T ueyl aaleaub
SJA0449 3seoadoj) oaunjeuaadwsal (suoryeirs vy 03 dn) (O4SM 4O JUSDUdd

TVNOILVYN - (4) S334¥93d 0T NVHL
d31V3d9 SH0ddd 40 49V.INIdOddd -JdNLvdddiNGlL

:2 aanbi4

IN30d3d

15



APPENDIX

CONDENSED SUMMARY OF RESULTS

All scores for precipitation and temperature from 1978 through 1981 are
presented by region and nationally. The results are given for the forecasts
based on the 06Z and 18Z surface maps, which correspond to the FP4s released
at approximately 1000 GMT and 2200 GMT respectively. They include forecasts
for all three periods and both seasons.

Pages 17 through 64 give comparative scores for FP (up to 85 stations)

and NMC guidance. Pages 65 through 112 give non-comparative scores for all FP
(up to 90 stations) forecasts.
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