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l. INTRODUCTION

This is the ninth in a series of Techniques Development Laboratory (TDL)
office notes which compare the performance of TDL's automated guidance with
National Weather Service (NWS) local forecasts made at Weather Service Forecast
Offices (WSFO's). Verification statistics are presented for the cool season
months of October 1987 through March 1988 for probability of precipitation
(poP), precipitation type, Snow amount , surface wind, cloud amount, ceiling
height, visibility, and maximum/minimum (max/min) temperature. Verification
summaries are provided for both forecast cycles, 0000 and 1200 GMT. The scores
are those recommended in the NWS Natiomal Verification Plan (National Weather
gervice, 1982a).

Due to a change in the issuance time of the NWS official terminal forecasts
(FT's), the local and guidance forecasts for the aviation weather elements
(ceiling height, visibility, and wind speed and direction) no longer matche.
Moreover, the observations saved locally now correspond only to the valid time
of the local forecasts. The issuance time of the local forecasts is based on
local time rather than the forecast cycle. Although the actual time varies
with time zone and changes from standard to daylight time, for simplicity, we
will refer to the FT issuance times as if they occur at the same time for all
stations. We verified the local forecasts associated with the FT issuance
times of approximately 0900 and 1800 GMT. Persistence forecasts corresponding
to the local forecasts are also now based on the local time. Since the valid
time of the automated guidance has not changed, it is no longer possible to
perform a comparative verification for the aviation weather elements.

For the aviation elements, the local forecasts, along with their corre=
sponding persistence and verifying observations were collected locally at the
WSFO's, transmitted via the Automation of Field Operations and Services (AFOS)
system to the National Meteorological Center, and archived centrally by TDL.
The automated guidance for these elements was also collected locally and
transmitted to NMC. The persistence and verifying observations corresponding
to the guidance were taken from hourly reports archived centrally by TDL. For
the remaining weather elements, including the 42-h significaant wind, all of the
forecasts (both local and guidance) and the verifying observations were
collected locally at the WSFO's and transmitted to NMC. The local collection
system 1is described by Ruth and Alex (1987). The national AFOS—era verifica-
tion data processing system is described in detail by Dagostaro (1985), while
guidelines for the public/aviation forecast verification program are given in
National Weather Service (1983).

The local PoP and max/min forecasts used for verification were official
public weather forecasts obtained from the Coded City Forecast (FPUS4)
bulletin. The local forecasts for the aviation weather elements were obtained
from the FT's. In contrast, the local cloud amount, precipitation type, Snow



amount, and 42-h significant wind forecasts were manually entered by the fore-
casters at the WSFN's. Thece subjective forecasts may Or may not be based on
the objective guidance. Also, surface observations as late as 2 hours before
the first valid forecast time may have been used in preparation of the local
forecasts.

The automated guidance was based on forecast equations developed through ap-
plication of the Model Output Statistics (MOS) technique (Glahn and Lowry,
1972). In particular, these prediction equations were derived by using ar-
chived surface observations and forecast fields from the Limited-area Fine Mesh
(LFM) model (Gerrity, 1977; Newell and Deaven, 1981). The surface observations
used as predictors in these equations were taken at least 9 hours before the
first verification valid time.

As noted in the sections which follow for each of the various weather ele-
ments, implementation of the AFOS-era verification system has introduced
significant changes from past verifications in regard to the characteristics of
the local forecasts and the verifying observations. For example, the local and
guidance max/min temperature forecasts are verified by using max/min tempera-
tures observed during approximately 12-h periods instead of 24-h (calendar day)
periods. Also, the cloud amount observations are given in terms of total sky
cover rather than opaque sky cover. Hence, we do not think it is meaningful to
compare results for the 1987-88 cool season with statistics based on the
pre—AFO0S verification system (e.g., Carter et al., 1983).

In addition, due to the change in the issuance time of the FTI's, direct
comparison of the local statistics with those for the guidance is no longer
possible for the aviation weather elements. Direct comparison of results for
the local aviation elements for the 1987-88 cool season with statistics for
previous cool seasons is also no longer possible.

2. PROBABILITY OF PRECIPITATION

MO0S PoP forecasts were produced by the cool season prediction equations de-
gscribed in Technical Procedures Bulletin No. 289 (National Weather Service,
1980). This guidance was available for the first, second, and third periods,
which correspond to 12-24, 24-36, and 36-48 hours, respectively, after 0000 and
1200 GMT. The predictors for the equation development were forecast fields
from the LFM model and weather elements observed at the forecast site at 0300
or 1500 GMT. However, in day-to-day operations, gsurface observations at 0200
or 1400 GMT (or even 0100 or 1300 GMT) were used as input to the prediction
equatiouns nearly all the time. The LFM model schedule makes this possible, and
the guidance is available earlier than if the 0300 and 1500 GMT observations
were used.

The forecasts were verified by computing Brier scores (Brier, 1950) for 93 of
the 94 stations listed in Table 2.1. Note that we used the standard NWS Brier
score for PoP which is one-half the original score defined by Brier. Brier
scores vary from one station to the next and from one year to the next because
of changes in the relative frequency of precipitation. Therefore, we also
computed the percent improvemeunt over climate, that is, the percent improvement
of Brier scores obtained from the local or guidance forecasts over analogous
Brier scores produced by climatic forecasts. Climatic forecasts are defined as
relative frequencies of precipitation by month and by station determined from a



15-yr sample (Jorgensen, 1967). Because local forecasters should be encouraged
to depart from the guidance if they think it is incorrect, the number of times
local forecasters deviated from the guidance by at least 20% were tabulated and
the Brier score when such deviations occurred was computed.

Tables 2.2 and 2.7 present the 1987-88 cool season results for all 93 sta-
tions combined for the 0000 and 1200 GMT cycle forecasts, respectively.
Tables 2.3-2.6 and Tables 2.8-2.11 show scores for the NWS Eastern, Southern,
Central, and Western Regionms, for the 0000 and 1200 GMT cycles, respectively.

3. PRECIPITATION TYPE

The objective conditional probability of precipitation type (PoPT) forecast
system described in Technical Procedures Bulletin No. 319 (National Weather
Service, 1982c) and Bocchieri and Maglaras (1983) provides categorical fore-
casts for three categories: freezing (freezing rain or drizzle), frozen (snow
or ice pellets), and liquid (rain or drizzle). Precipitation in the form of
mixed snow and ice pellets is included in the frozen category; any mixed
precipitation‘type which includes freezing rain or drizzle is included in the
freezing category; all other mixed precipitation types are included in the
liquid category. In this report, the freezing, frozen, and liquid categories
will be referred to as freezing rain, snow, and rain, respectively.

For verification purposes, local categorical forecasts of precipitation type
are given for the 18-, 30—, and 42-h projections from 0000 and 1200 GMT. Note
that this is a conditional forecast, that is, it's a forecast of the type of
precipitation if precipitation actually occurs. Therefore, a precipitation
type forecast is always recorded. Similarly, the PoPT guidance is available
whether or not precipitation occurse.

Table 3.1 lists the 86 stations used for the precipitation type verification.
The verification sample included only those cases in which precipitation actu-
ally occurred within +1 hour of the forecast valid time. 1f a combination of
precipitation types occurred during the 2-h period, the verifying observation
was considered as freezing if freezing precipitation was observed at any time,
or frozen if frozen (but not freezing) precipitation occurred. Note that an
observation of mixed frozen and liquid precipitation types was included in the
frozen category, while the guidance forecasted the liquid category if mixed
frozen and liquid precipitation was expected. Also, since we were concerned
that some forecasters may not have put much effort into making the conditional
forecasts when they considered precipitation to be unlikely, we used cases only
when the local PoP was »30%. The PoP forecasts were valid for 12-h periods
centered on the 18-, 30-, and 42-h projections from both 0000 and 1200 GMT.

Based on the three precipitation type categories, forecast—observed contin-—
gency tables were constructed. Bias by category,l probability of detection

lIn the discussion of precipitation type, snow amount, surface wind, cloud
amount, ceiling height, and visibility, bias by category refers to the number
of forecasts of a particular category (event) divided by the number of observa-
tions of that category. A value of 1.0 denotes unbiased forecasts for a partic-
ular category.



(POD),2 false alarm ratio (FAR),3 skill score,4 and percent correct were
calculated from contingency tables of precipitation type. Tables 3.2 and 3.3
show the verification results for 0000 and 1200 GMT, respectively. The number
of freezing rain cases is small, and conclusions for that category must be made
with caution.

4, SNOW AMOUNT

The objective probability of snow amount forecast system described in Tech-
nical Procedures Bulletin No. 318 (National Weather Service, 1982b) and by
Bocchieri (1983) provides categorical forecasts for four categories of snow
amount: <2, 2 or 3, 4 or 5, and >6 inches. In particular, prediction equa-
tions based on LFM model forecasts are used to produce conditional probabil-
ities of snow amount for the three categories of >2, >4, and 26 inches. These
conditional probabilities are converted to unconditional probability forecasts
through the use of the MOS PoP and PoPT forecasts. The unconditional proba-
bility forecasts are converted to categorical forecasts through the use of the
threshold technique described in Technical Procedures Bulletin No. 318.

Verification scores were computed for both local and guidance forecasts for
82 of the 86 stations listed in Table 3.1. The local and guidance forecasts
were verified for the 12-24 h period from both 0000 and 1200 GMT, since the
guidance was provided only for this projection.

We constructed forecast-observed contingency tables for four categories of
snow amount. These tables were used for computing several different scores:
bias by category, percent correct, skill score, threat score,> POD, and FAR.
The percent correct and skill score were calculated from all four categories.
The bias by category, threat score, POD and FAR were calculated separately for
the three cumulative categories of »2, >4, and 26 inches. Table 4.1 shows
comparative verification scores for the snow amount forecasts for both cycles.

5. SURFACE WIND

The objective surface wind forecasts were generated by the cool season, LFM-
based equations described in Technical Procedures Bulletin No. 347 (National
Weather Service, 1984). Prior to the 1983-84 cool season, the surface wind
prediction equations were rederived to account for the latest available LFM
data. The objective surface wind forecast is defined in the same way as the

2 . : ; .
The POD is the ratio of the number of times a particular category was cor-—
rectly forecast to the total number of observations of that category.

3 . ; ;
The FAR is the ratio of the number of times a particular category was 1n-
correctly forecast to the total number of forecasts of that category.

4The skill score used throughout this report is the Heidke skill score
(Panofsky and Brier, 1965).

5

Threat score = H/(F+0-H), where H is the number of correct forecasts of a
category, and F and O are the number of forecasts and observations of that
category, respectively.



observed wind, namely, the l-min average wind direction and speed for a
specific time. All objective forecasts of wind speed were adjusted by an
"inflation" technique (Klein et al., 1959) involving the multiple correlation
coefficient and the mean value of wind speed for each station and forecast
valid time. !

We verified both the local and guidance forecasts for three projectious;
however, due to the change in issuance time of the FT's, the projections no
longer match. The guidance forecasts are valid at 12-, 18-, and 24-h projec-
tions from both the 0000 and 1200 GMT cycles, while the local forecasts
correspond to approximately 3-, 9-, and 15-h projections from the FT issuance
times of approximately 0900 and 1800 GMT.

Although the MOS and local forecasts were verified separately, we used the
same method of verification as in previous seasons. First, for those cases in
which the wind speed forecasts were >10 kt, the mean absolute error and the
mean algebraic error (forecast minus observed wind speed) of the forecasts were
computed. Cases where the observed wind was calm were then eliminated from
this sample and the MAE of direction was computed. Second, for all cases where
the forecasts were available, the skill score, percent correct, bias by cate-
gory, and threat score were computed from contingency tables of wind speed. The
definitions of the categories used in the contingency tables for wind speed and
direction are given in Table 5.1l. The threat score used here was calculated by
combining events of the upper two categories (winds »28 kt). In addition, for
all cases in which the wind speed forecasts were at least 10 kt, the skill
score for the wind direction forecasts was computed from contingency tables.
The 92 stations used in the verification are listed in Table 2.1.

For the guidance forecasts, the results for all 92 stations combined for the
0000 and 1200 GMT cycles are presented in Tables 5.2 and 5.7, respectively.
Tables 5.3-5.6 and 5.8-5.11 show guidance scores for the NWS Eastern, Southern,
Central, and Western Regions for 0000 and 1200 GMT, respectively. For the
local forecasts, Table 5.12 (5.17) shows the results for all 91 (92) statious
combined for the FT issuance time of approximately 0900 (1800) GMT. Similar
local forecast results for the NWS Eastern, Southern, Central, and Western
Regions are presented in Tables 5.13-5.16 and 5.18-5.21, respectively, for the
two issuance times.

In addition, 42-h forecasts of winds >23 kt were collected as part of the
AFOS-era verification system. Note that the change in FT issuance time did not
affect these forecasts; heace, a comparative verification of the local and
guidance forecasts was possible. Both the local and guidance forecasts corre-=
spond to the 42-h projection from both the 0000 and 1200 GMT cycles. Since
these forecasts specify the occurrence (or non-occurrence) of an operationally
significant wind, they were verified against the highest observed sustained
wind within +3 hours surrounding the forecast valid time. For purposes of
comparison, and analogous to the development of the MOS prediction equationus,
another set of scores was calculated by using the l-min average wind observed
at the exact forecast valid time. The results for all 92 stations combined are
given in Tables 5.22 and 5.23 for the 0000 and 1200 GMT cycles, respectively.



6. CLOUD AMOUNT

Prior to February 24, 1988, the objective cloud amount forecasts were
produced by the prediction equations described in Technical Procedures
Bulletin No. 303 (National Weather Service, 1981). For the remainder of the
cool season, the forecasts were produced by the prediction equations described
in Technical Procedures Bulletin No. 378 (National Weather Service, 1988). 1In
both cases, the forecast equations used LFM model output and either 0100 or
0200 (1300 or 1400) GMT surface observations to produce probability forecasts
of the four categories of cloud amount shown in Table 6.1. We converted the
probability estimates to "best category” forecasts by an algorithm that pro-
duced good bias characteristics (bias of approximately 1.0 for each category)
on the developmental sample. The algorithm used to obtain the best category
for the new prediction equatiouns is described in Technical Procedures Bulletin
No. 378.

We compared the local forecasts with a matched sample of guidance forecasts
for the 94 stations listed in Table 2.1 for the 12-, 18-, and 24-h projections
from 0000 and 1200 GMT. The surface observations used for verification were
converted to the cloud amount categories given in Table 6.1. Four—category
(clear, scattered, broken, and overcast), forecast-observed contingency tables
were prepared from the local and objective categorical predictions. Using
these tables, we computed the percent correct, skill score, and bias by cate-
gory. Prior to the 1983-84 cool season, opaque sky cover amounts from surface
observations were used in determining the observed categories. However, the
hourly surface reports from which the verifying observations are now taken do
not record total opaque sky cover as part of the observation; hence, thin
clouds are also included. For example, a report of overcast with eight tenths
opaque and two tenths thin, which previously was put into the broken category,
now is categorized as overcast. The result of this change is to decrease
(increase) the number of observations of the broken (overcast) category com-
pared to previous verifications. This change has greatly affected the overall
bias by category statistics for both the guidance and local forecasts.

The results for all stations combined are shown in Tables 6.2 and 6.7 for the
0000 and 1200 GMT cycle forecasts, respectively. Tables 6.3-6.6 and Tables
6.8-6.11 show scores for the NWS Eastern, Southern, Central, and Western
Regions, for the 0000 and 1200 GMT cycles, respectively.

7. CEILING AND VISIBILITY

During the 1987-88 cool season, the ceiling and visibility guidance was pro-
duced by the prediction equations described in Technical Procedures Bulletin
No. 303 (National Weather Service, 1981). Operationally, the guidance was
based primarily on LFM model output and either 0100 or 0200 (1300 or 1400) GMT
surface observatiouns.

Verification scores were computed separately for the local and guidance
forecasts. A comparative verification of local and persistence forecasts was
performed for 91 (92) of the 94 stations listed in Table 2.1 for the FT issu-
ance time of approximately 0900 (1800) GMT. The local forecasts and verifying
observations correspond to approximately 3-, 6-, 9-, and 15-h projections from
the beginning of the scheduled FT valid period. Persistence 1is also based on
the local time, and the projections are from the beginning of the scheduled FT
valid period.



A comparative verification of guidance and persistence forecasts was per-
formed for the same 91 (92) stations for the 0000 (1200) GMT cycle. Here,
persistence for the 0000 (1200) GMT forecast cycle was based on an observation
taken at the subsequent 0900 (2100) GMT. The objective and persistence fore-
casts were verified for the 12—, 18-, and 24-h projections from both cycles.
Note that the persistence forecasts for the 12-, 18-, and 24-h projections are
actually 3-, 9-, and 15-h forecasts, respectively, from the latest available
surface observation, and in this sense, the guidance forecasts are usually 10-,
16—, and 22-h forecasts.

We constructed forecast-observed contingency tables for the four categories
of ceiling and visibility given in Table 7.1. These categories were used for
computing several different scores: bias by category, percent correct, skill
score, and log score.® Table 7.2 (7.3) shows the MOS ceiling height verifi-
cation results for all 91 (92) stations combined for the 0000 (1200) GMT cycle.
Table 7.4 (7.5) presents the local ceiling height scores for the same 91 (92)
stations except for the FT issuance time of approximately 0900 (1800) GMT.
Visibility scores are given for all stations combined for the MOS forecasts in
Tables 7.6 and 7.7 for the 0000 and 1200 GMT cycles, respectively. Similarly,
results for the local forecasts are given in Tables 7.8 and 7.9 for the FT
issuance times of approximately 0900 and 1800 GMT, respectively.

8. MAXIMUM/MINIMUM TEMPERATURE

Throughout the 1987-88 cool season, the max/min temperature guidance was
generated by the prediction equations described in Technical Procedures Bul-
letin No. 356 (National Weather Service, 1985b). These equations forecast
daytime max and nighttime min temperatures. During the cool season, daytime is
defined as 9 a.m. to 7 p.m. Local Standard Time (LST), while nighttime extends
from 7 p.m. to 9 a.m. LST. The guidance equations were developed by stratify-
ing archived LFM model forecasts, station observations, and the first two
harmonics of the day of the year into seasons of 3-mo duration (Erickson and
Dallavalle, 1986). The fall season is defined as September-November; the win-
ter, as December-February; and the spring, as March-May. During the 0000 GMT
cycle, the MOS max/min guidance is valid for periods corresponding to today's
max, tonight's min, tomorrow's max, and tomorrow night's min. Similarly, for
the 1200 GMT forecast cycle, guidance is produced for tonight's min, tomorrow's
max, tomorrow night's min, and the day after tomorrow's max. Station observa-
tions at 0000 GMT (1200 GMT) are used as possible predictors only in the first
period forecast of today's max (tonight's min). The valid periods of the guid-
ance closely approximate those of the local forecaster who makes predictions of
today's high, tonight's low, and so forth.

In this publication, we present results for both guidance and local forecasts
that were verified by using observations approximating the daytime high or
nighttime low. For the local AFOS-era verification software (Ruth and Alex,
1987), daytime is defined as 7 a.m to 7 p.m. LST and nighttime as 7 p.m. to
8 a.m LST. The local program scans the synoptic and hourly reports to deter-
mine if the max/min observation adequately represents the daytime or nighttime
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The log score is proportional to the absolute value of logi fi = log10 Oi’
where f; is the forecast category for each case and O, is the observed category
for each case. The result is averaged over all cases and scaled by multiplying
by 50.



period. If this observation is satisfactory, it is kept. 1f, however, the re-
ported value is not representative of the day or night period, then an algo-
rithm is used to deduce an appropriate value from available synoptic and hourly
temperature observations. The local forecaster is also provided the option of
replacing the estimated observation with the exact nighttime low or daytime
high. It's important to note, then, that the verification observations used in
this report correspond reasonably well to the local and guidance forecast
periods.

We verified the local and MOS max/min temperature forecasts for both the 0000
and 1200 GMT cycles. The mean algebraic error (forecast minus observed tempera-
ture), mean absolute error, percent of absolute errors >10°F, probability of de-
tection’ of min temperatures <32°F, and false alarm ratio8 for min temperatures
<32°F were computed for 93 stations in the conterminous United States (see
Table 2.1). At 0000 (1200) GMT, the local and guidance max temperature fore-
casts are valid for daytime periods ending approximately 24 (36) and 48
(60) hours after 0000 (1200) GMT. Similarly, at 0000 (1200) GMT, the local and
guidance min temperature forecasts are valid for nighttime periods ending about
36 (24) and 60 (48) hours after 0000 (1200) GMT. Note that the local fore-
casters occasionally may not have put much effort into making the 60-h min
forecasts from 0000 GMT, especially during severe weather events.

For all stations combined, the results for 0000 and 1200 GMT are shown in
Tables 8.1 and 8.6, respectively. Similarly, Tables 8.2-8.5 give the 0000 GMT
verification scores for the Eastern, Southern, Central, and Western Regions,
respectively. Tables 8.7-8.10 show scores by NWS region for the 1200 GMT cy-
cle.

9. SUMMARY

Highlights of the 1987-88 cool season verification results, summarized by
general type of weather element, are:

o Probability of Precipitation - The PoP verification involved 93 sta-
tions and forecast projections of 12-24, 24-36, and 36-48 hours from
0000 and 1200 GMT. The NWS Brier scores for all stations and both
forecast cycles combined show that the local forecasts were 9.4%
better than the guidance for the first period, 7.3% better for the
second period, and 7.1% better for the third period. These overall
average improvements over guidance are better than those for the
previous cool season (Dagostaro et al., 1987). Depending on the
projection and cycle, the local forecasters deviated by 20% or more
from the guidance about 13% of the time. For these cases, the NWS
Brier scores for all stations and both forecast cycles combined
indicate that the local forecasts were 22.8% better than the guidance
for the first period, 19.0% better for the second period, and 17.8%
better for the third period. Finally, the percent improvement over

7

Here, the probability of detection is defined to be the fraction of time
the min temperature was correctly forecast to be 5}2°F when the previous day's
min was >40°F.

8Here, the false alarm ratio is defined to be the fraction of forecasts of
<32°F that failed to verify when the previous day's min was >40°F.



climate scores for all three periods and both forecast cycles indi-
cate that the local and guidance scores were worse than those for the
previous cool season.

Precipitation Type - Local and guidance forecasts for 86 stations and
projections of 18, 30, and 42 hours from 0000 and 1200 GMT comprised
the comparative verification. Only those cases for which the local
PoP was >30% were verified, and surface observations within +1 hour
of the forecast valid time were used. Based on three-category (freez-
ing rain, snow, rain) contingency tables, the scores for all stations
combined for all three projections and both cycles indicate that the
local and guidance forecasts performed at about the same level of ac-
curacy. Overall, the scores for all three categories were generally
about the same as those for the previous cool season, except for the
POD and FAR for the snow category. Both of these scores show an
improvement in local and MOS forecasts of frozen precipitation over
those for the previous cool season in conjunction with an increase in
the number of events for this categorye.

Snow Amount - The snow amount verification involved 82 stations for
the 12-24 h period from 0000 and 1200 GMT. In terms of skill score,
threat score, POD, and FAR, the local forecasts were generally as
good as or better than the guidance for all three categories for both
cycles. 1In terms of bias by category, neither the local forecasts
nor the guidance was clearly better. The scores for both the local
forecasts and the guidance were generally worse than those for the
previous cool season for the 24 and >6 inch categories.

Surface Wind - Statistics were computed for local and guidance
forecasts of surface wind speed and direction. Local forecasts for
91 (92) stations for projections of around 3, 9, and 15 hours from
the FT issuance times of approximately 0900 and 1800 GMT were
verified. These results are not directly comparable to those for
previous seasons. Guidance forecasts for the same 91 (92) stations
for projections of 12, 18, and 24 hours from 0000 and 1200 GMT were
verified. The results for the guidance are similar to those for the
previous cool season. During the past four cool seasons, the MOS
guidance underforecast the number of winds »18 kt. This appears to
be directly related to the change in the LFM's surface stress profile
which was implemented ia January 1985 (National Weather Service,
1985a).

The 42-h significant wind verification involved the comparison of
local and guidance forecasts of winds 223 kt for 92 stations for the
42-h projection from 0000 and 1200 GMT. In terms of bias by cate-
gory, the guldance was considerably better than the local forecasts
when the verifying observation was the l-min average. The bias of
the local forecasts was still high, but much less so, when the
verifying observation was the +3-h maximum speed. The accuracy and
skill measures reflect the respective biases of the MOS and local
forecasts. For a rare event such as this, underforecasting the event
(bias <1.0) usually leads to a higher percent correct with lower
skill and threat scores.



Cloud Amount - The verification for cloud amount involved the compar-
ison of local and guidance forecasts for 94 stations for projections
of 12, 18, and 24 hours from 0000 and 1200 GMT. The skill scores and
percent correct for all stations combined indicate both the 0000 and
1200 GMT cycle local forecasts were better than the corresponding
guidance for the 12-h projection, while the guidance was better than
the local forecasts for the 18- and 24-h projections. In terms of
bias by category, the guidance was better than the local forecasts
for the clear, scattered, and broken categories. The local forecasts
were generally better than the guidance for the overcast categorye.
Overall, the results were similar to those for the previous cool
season, except that the tendency for both the guidance and local
forecasters to overforecast the scattered category appears to have
increased.

Ceiling and Visibility - Both the local and guidance forecasts were
verified against their corresponding persistence forecasts. For the
local forecasts, a comparative verification was performed for the

91 (92) stations for projections of around 3, 6, 9, and 15 hours from
the FT issuance times of approximately 0900 and 1800 GMT. For both
forecast cycles combined, the log scores, percent correct, and skill
scores for both ceiling and visibility show that persistence was gen-
erally as good as or better than the locals for the 3-h projection,
while the locals were better for the 6-, 9-, and 15-h projections.

In terms of bias by category, the locals almost always underforecast
the ceiling height <900 ft and the visibility <2 3/4 mi. These
results are not directly comparable to those for previous seasons.

For the guidance, the verification involved the comparison of MOS
forecasts and persistence for the same 91 (92) stations for projec-—
tions of 12, 18, and 24 hours from 0000 (1200) GMT. These are
actually 3-, 9-, and 15-h forecasts from the latest available surface
observations for persistence, and in this sense, they are usually
10-, 16—, and 22-h forecasts for the guidance. For both forecast
cycles combined, the log scores, percent correct, and skill scores
for ceiling show that persistence was better than the guidance for
the 12-h projection, while the guidance was generally better for the
18- and 24-h projections. The bias by category results varied from
projection to projection and cycle to cycle. For visibility, the log
score, percent correct, and skill score for both cycles combined show
that persistence was clearly better than the guidance for the 12-h
projection. In terms of bias by category, the guidance was generally
as good as or better than persistence for all cycles and projections.
In terms of log score and percent correct, the results for ceiling
and visibility were better than those for the 1986-87 cool season,
but worse in terms of skill score.

Maximum/Minimum Temperature -— Objective and local forecasts were
verified for 93 stations for both the 0000 and 1200 GMT cyclese.

At 0000 (1200) GMT, the local maximum temperature forecasts were
valid for daytime periods ending approximately 24 (36) and 48 (60)
hours after 0000 or 1200 GMT, while the minimum temperature forecasts
were valid for nighttime periods ending approximately 36 (24) and 60
(48) hours after initial model time. The valid periods of the
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guidance closely approximate those of the local forecasts. As
verifying observations, max Or min temperatures for daytime or
nighttime intervals were used.

For all stations and projections combined, we found the mean absolute
errors of the local max and min temperature forecasts were 0.3°F and
0.2°F, respectively, more accurate than those for the MOS guidance.
In every region and for all projections, the local forecasters were
able to improve over the MOS guidance, both in terms of mean absolute
error and the percentage of errors >10°F. Compared to the 1986-87
cool season verifications, the MOS guidance was 0.2°F worse in terms
of mean absolute error for all stations and projections combined,
while the local forecasts were 0.1°F worse overall than those for the
previous cool season.
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Table 2.1.

and local probability of preci

height, visibility,
not included in the PoP an
were not included in the surface wind
TCC was not available during the
wind, ceiling height, and visibility.

tionse.

and max/min temperature forecasts.
d max/min temperature verifications, and LBB and ELP
, ceiling height, and visibility verifica-
0000 GMT cycle for the local surface

Ninety-four stations used for comparative verification of MOS guidance
pitation, surface wind, cloud amount, ceiling

Please note that LAX was

DCA
PWM
BOS
ALB
BUF
LGA
RDU
CLE
PHL
PIT
CAE
CRW
BHM
LIE
MIA
ATL
MSY
JAN
ABQ
OKC
MEM
DFW
LBB
SAT
DEN
ORD
IND
DSM
TOP
SDF
DTW
MSP
STL
OMA
BIS
FSD
MKE
CYS
PHX
LAX
SFO
BOIL
GTF
RNO
PDX
SLC
SEA

Washington, D.C.
Portland, Maine
Boston, Massachusetts
Albany, New York
Buffalo, New York

New York (LaGuardia), New York
Raleigh-Durham, North Carolina

Cleveland, Ohio
Philadelphia, Pennsylvania
Pittsburgh, Pennsylvania
Columbia, South Carolina
Charleston, West Virginia
Birmingham, Alabama
Little Rock, Arkansas
Miami, Florida

Atlanta, Georgia

New Orleans, Louisiana
Jackson, Mississippi
Albuquerque, New Mexico
Oklahoma City, Oklahoma
Memphis, Tennessee
Dallas-Ft. Worth, Texas
Lubbock, Texas

San Antonio, Texas
Denver, Colorado

Chicago (O'Hare), Illinois
Indianapolis, Indiana

Des Moines, lowa

Topeka, Kansas
Louisville, Kentucky
Detroit, Michigan
Minneapolis, Minnesota
St. Louis, Missouri
Omaha, Nebraska

Bismarck, North Dakota
Sioux Falls, South Dakota
Milwaukee, Wisconsin
Cheyenne, Wyoming
Phoenix, Arizona

Los Angeles, California
San Francisco, California
Boise, Idaho

Great Falls, Montana
Reno, Nevada

Portland, Oregon

Salt Lake City, Utah
Seattle-Tacoma, Washington

ORF
CON
PVD
BTV
SYR
EWR
CLT
CMH
AVP
ERI
CHS
BKW
MOB
FSM
TPA
SAV
SHV
MEI
TCC
TUL
BNA
ABI
ELP
IAH
GJT
SPIL
SBN
ALO
ICT
LEX
GRR
DLH
MCI
LBF
FAR
RAP
MSN
CPR
TUS
SAN
FAT
PIH
HLN
LAS
MFR
CDC
GEG

Norfolk, Virginia
Concord, New Hampshire
Providence, Rhode Island
Burlington, Vermont
Syracuse, New York
Newark, New Jersey
Charlotte, North Carolina
Columbus, Ohio

Scranton, Pennsylvania
Erie, Pennsylvania
Charleston, South Carolina
Beckley, West Virginia
Mobile, Alabama

Fort Smith, Arkansas
Tampa, Florida

Savannah, Georgia
Shreveport, Louisiana
Meridian, Mississippi
Tucumcari, New Mexico
Tulsa, Oklahoma
Nashville, Tennessee
Abilene, Texas

El Paso, Texas

Houston, Texas

Grand Junction, Colorado
Springfield, Illinois
South Bend, Indiana
Waterloo, Iowa

Wichita, Kansas
Lexington, Kentucky
Grand Rapids, Michigan
Duluth, Minnesota

Kansas City, Missouri
North Platte, Nebraska
Fargo, North Dakota
Rapid City, South Dakota
Madison, Wisconsin
Casper, Wyoming

Tucson, Arizona

San Diego, California
Fresno, California
Pocatello, Idaho

Helena, Montana

Las Vegas, Nevada
Medford, Oregon

Cedar City, Utah
Spokane, Washington




Table 2.2. Comparative verification of MOS and local PoP forecasts for 93 stations, 0000
GMT cycle.

1
Forecast 7 Imp. % Imp. No. } % Imp
Projection  Type of Brier Over Over of | Brier Over No. of
(h) Forecast Score Guid. Clim. Cases , Score Guid.  Changes
____________________________________________T__________-____E ____________________________
12-24 MOS 0.0828 43.8 ! 0.2248
(1st period) LOCAL 0.0754 9.0 48.8 15522 | 0.1765 21D 1908
|
i
24-36 MOS 0.0991 35.0 } 0.2357
(2nd period) LOCAL 0.0919 T 39.7 15394 |} 0.1915 18.7 1941
|
!
36-48 MOS 0.1081 27.0 ! 0.2359
(3rd period) LOCAL 0.0996 7.8 32.7 15498 | 0.1885 20.1 2206
|
i

1%



Table 2.3. Same as Table 2.2 except for 24 stati

i 1 f

ons in the

Eastern Region.

Forecast
Projection

Type of
Forecast

12-24
(1st period)

24-36
(2nd period)

36-48
(3rd period)

MOS
LOCAL

MOS
LOCAL

MOS
LOCAL

% Imp.
Brier Over
Score Guid.
0.0952
0.0892 6.3
0.1142
0.1046 8.5
0.1274
0.1185 7.0

7% Imp. No.
Over of
Clim. Cases
46.7

50.1 3950
37.9
L4301 3954
30.6

35.4 3944

I

: % Imp.

! Brier Over No. of
| Score Guid. Changes
I

| 0.1955

}0.1672 14.5 622
|

!

| 0.2246

1 0.1675 25.4 594
|

|

| 0.2235

' 0.1797 19.6 677
|

|

Table 2.4. Same as Table 2.2 except for 24 stations in the Southern Region.
! Changes GE 207% to Guidance
| e e mm———————————————————
|
Forecast 72 Imp. 7% Imp. No. } % Imp
Projection  Type of Brier Over Over of | Brier Over No. of
(h) Forecast  Score Guid. Clim. Cases | Score Guid Changes
--_--_-_-_-___-—_—-__---___-—-~_——-_-—-_——_-_---__-___-___-_E ____________________________
12-24 MOS 0.0679 47.9 1 0.2189
(1st period) LOCAL 0.0624 8.1 52.1 4109 | 0.1789  18.3 488
|
|
24-36 MOS 0.0817 37.6 I 0.2155
(2nd period) LOCAL 0.0766 6.2 41.5 3977 | 0.1908 11.4 530
|
!
36-48 MOS 0.0914 29.7 1 0.2035
(3rd period) LOCAL 0.0839 8.2 35.5 4107 ) 0.1698 16.5 636
|
!




Table 2.5.

Same as Table 2.2 except for 28 stations in the Jencral Region.

Forecast
Projection

Type of
Forecast

12-24
(1st period)

24-36
(2nd period)

36-48
(3rd period)

MOS
LOCAL

MOS
LOCAL

MOS
LOCAL

% Imp.
Brier Over
Score Guid.
0.0881

0.0787 10.7

0.0993 7.0

% Imp. No.
Over of
Clim. Cases
40.1

46.5 4572
31.9

36.7 4570
21.8

28.5 4561

l

} % Imp.

| Brier Over No. of
| Score Guid.  Changes
i

' 0.2457

1 0.1823 25.8 537
|

|

| 0.2518

! 0.2046 18.8 571
|

!

' 0.2679

1 0.2112 21.2 635
|

1

Table 2.6 Same as Table 2.2 except for 17 stations in the Western Region.
! Changes GE 207 to Guidance
| e e e m—— e ———————————————
|
Forecast % Imp % Imp. No. : 7 Imp.
Projection  Type of Brier Over Over of | Brier Over No. of
(h) Forecast  Score Guid Clim Cases | Score Guid. Changes
_____________~______________________________________________E ____________________________
12-24 MOS 0.0789 39.0 ' 0.2626
(1st period) LOCAL 0.0698 11.5 46.0 2891 | 0.1821 30.6 261
|
!
24-36 MOS 0.0899 31.9 i 0.2685
(2nd period) LOCAL 0.0838 6.8 36.5 2893 | 0.2206 17.8 246
\
i
36-48 MOS 0.0960 25.8 1 0.2692
(3rd period) LOCAL 0.0891 7.2 31.2 2886 | 0.2017 25.1 258
|
!




Table 2.7. Comparative verification of MOS and local PoP forecasts for 93 stations, 1200

GMT cycle.

Forecast
Projection

12-24
(lst period)

24-36
(2nd period)

36-48
(3rd period)

Type of
Forecast

MOS
LOCAL

MOS
LOCAL

MOS

LOCAL

o [oNe]

(@]

Brier
Score

.0866

.0781

.0962
.0892

«1113
L1042

% Imp.
QOver

35.
39.

27.
32.

No.
of
Cases

15154

15033

No. of
Changes

1Q



Table 2.8. Same as Table 2.7 except for 24 stations in the Eastern Region.

:
!
Forecast Z Imp. 7% Imp. No. : % Imp.
?
|
!

Projection  Type of Brier Over Over of Brier Over No. of
(h) Forecast  Score Guid. Clim. Cases Score Guid. Changes
_______________________________________-____________-_______E ____________________________
12-24 MOS 0.0972 46.1 ; 0.1818
(1st period) LOCAL 0.0919 5.4 49.0 3848 | 0.1582 13.0 579
|
!
24-36 MOS 0.1093 39.6 1 0.2071
(2nd period) LOCAL 0.1024 642 43..3 3835 | 0.1736 16.2 627
|
!
36-48 MOS 0.1318 28.3 I 0.2155
(3rd period) LOCAL 0.1225 741 33.4 3838 | 0.1783 17.3 702
|
1

Table 2.9. Same as Table 2.7 except for 24 stations in the Southern Region.

l
|
Forecast % Imp. % Imp. No. ' 7 Imp.
:
|
!

Projection Type of Brier Over Over of Brier Over No. of
(h) Forecast  Score Guid. Clim. Cases Score Guid. Changes
—___—__—____——--_-_~~_____—_-__——---—__—___-_—__-—-__—__--—_E ____________________________
12-24 MOS 0.0740 43.5 1 0.2161
(1st period) LOCAL 0.0648 12.5 50.6 3854 | 0.1579 26.9 504
1)
|
24-36 MOS 0.0809 37.6 , 0.2094
(2nd period) LOCAL 0.0741 8.4 42.9 3982 | 0.1678 19.9 554
|
|
36-48 MOS 0.0940 28.4 ! 0.1950
(3rd period) LOCAL 0.0876 6.9 33.4 3854 | 0.1692 13.2 621
|
!

10



Table 2.10. Same as Table 2.7 except for 28 stations in the Central Region.

|
!
]
Forecast %Z Imp. 7% Imp. No. : % Imp.
!
|
!

Projection  Type of Brier Over Over of Brier Over No. of
(h) Forecast  Score Guid. Clim. Cases Score ~ Guid. Changes
---_--__-__-__—--_——-—---—__—_____---—__---_—_-—______-__---E ____________________________
12-24 MOS 0.0937 40.4 1 0.2588
(1st period) LOCAL 0.0817 12.8 48.1 4496 | 0.1780 31.2 576
|
I
24-36 MOS 0.1045 29.2 1 0.2562
(2nd period) LOCAL 0.0963 7.8 34.7 4484 ) 0.2038 20.5 571
|
|
36-48 MOS 0.1184 25.8 1 0.2430
(3rd period) LOCAL 0.1100 7.1 31.1 4485 1 0.1978 18.6 579
|
I

Table 2.11. Same as Table 2.7 except for 17 stations in the Western Region.

!
Forecast % Imp. 7% Imp. No. | % Imp.
Projection  Type of Brier Over Over of | Brier Over No. of
(h) Forecast  Score Guid. Clim. Cases | Score Guid. Changes
____________________________________________________________E ____________________________
12-24 MOS 0.0784 39.9 i 0.2547
(1st period) LOCAL 0.0717 8.5 45.0 2859 | 0.2021 20.7 233
|
|
24-36 MOS 0.0872 33.0 , 0.2497
(2nd period) LOCAL 0.0812 6.9 37.6 2853 | 0.1954  21.7 266
|
!
36-48 MOS 0.0959 26.7 I 0.2298
(3rd period) LOCAL 0.0928 3.2 29.0 2856 | 0.2051 10.8 250
|
1




Table 3.1.
and local precipitation type forecasts.

Eighty-six stations used for comparative verification of MOS guidance
These same stations, except for MFR,

PDX, SDF, and TCC were also used for snow amount verification.

DCA
PWM
BOS
ALB
BUF
LGA
RDU
CLE
PHL
PIT
CAE
CRW
BHM
LIT
ATL
MSY
JAN
ABQ
OKC
MEM
DFW
LBB
SAT
DEN
ORD
IND
DSM
TOP
SDF
DTW
MSP
STL
OMA
BIS
FSD
MKE
CYS
BOI
GTF
RNO
PDX
SLC
SEA

Washington, D.C.
Portland, Maine
Boston, Massachusetts
Albany, New York
Buffalo, New York

New York (LaGuardia), New York
Raleigh-Durham, North Carolina

Cleveland, Ohio
Philadelphia, Pennsylvania
Pittsburgh, Pennsylvania
Columbia, South Carolina
Charleston, West Virginia
Birmingham, Alabama
Little Rock, Arkansas
Atlanta, Georgia

New Orleans, Louisiana
Jackson, Mississippi
Albuquerque, New Mexico
Oklahoma City, Oklahoma
Memphis, Tennessee
Dallas-Ft. Worth, Texas
Lubbock, Texas

San Antonio, Texas
Denver, Colorado

Chicago (O'Hare), Illinois
Indianapolis, Indiana

Des Moines, Iowa

Topeka, Kansas
Louisville, Kentucky
Detroit, Michigan
Minneapolis, Minnesota
St. Louis, Missouri
Omaha, Nebraska

Bismarck, North Dakota
Sioux Falls, South Dakota
Milwaukee, Wisconsin
Cheyenne, Wyoming

Boise, Idaho

Great Falls, Montana
Reno, Nevada

Portland, Oregon

Salt Lake City, Utah
Seattle-Tacoma, Washington

ORF
CON
PVD
BTV
SYR
EWR
CLT
CMH
AVP
ERI
CHS
BKW
MOB
FSM
SAV
SHV
MEI
TCC
TUL
BNA
ABI
ELP
IAH
GJT
SPIL
SBN
ALO
ICT
LEX
GRR
DLH
MCI
LBF
FAR
RAP
MSN
CPR
PIH
HLN
LAS
MFR
CcDC
GEG

Norfolk, Virginia
Concord, New Hampshire
Providence, Rhode Island
Burlington, Vermont
Syracuse, New York
Newark, New Jersey
Charlotte, North Carolina
Columbus, Ohio

Scranton, Pennsylvania
Erie, Pennsylvania
Charleston, South Carolina
Beckley, West Virginia
Mobile, Alabama

Fort Smith, Arkansas
Savannah, Georgia
Shreveport, Louisiana
Meridian, Mississippi
Tucumcari, New Mexico
Tulsa, Oklahoma
Nashville, Tennessee
Abilene, Texas

El Paso, Texas

Houston, Texas

Grand Junction, Colorado
Springfield, Illinois
South Bend, Indiana
Waterloo, Iowa

Wichita, Kansas
Lexington, Kentucky
Grand Rapids, Michigan
Duluth, Minnesota

Kansas City, Missouri
North Platte, Nebraska
Fargo, North Dakota
Rapid City, South Dakota
Madison, Wisconsin
Casper, Wyoming
Pocatello, Idaho

Helena, Montana

Las Vegas, Nevada
Medford, Oregon

Cedar City, Utah
Spokane, Washington




1 forecasts

Only cases
Data for TCC were

for the 0000 GMT cycle.

Comparative verificatior of MOS and loca

of PoPT for 86 stations

Table 3.2.

where the local PoP was >30% were included.

not available for the 30-h projection.

FAR

POD

Percent
Correct

Bias

Type of
Forecast

Region
Number of

Stations

Projection
(h)

0.68 0.08

0.62 0.07

0.33 0.88
0.36 0.85

All
Stations
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