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1. INTRODUCTION

The Techniques Development Laboratory'

of the National Weather Service (NWS) recently
implemented a new statistical weather forecast
system for short-range projections. Based on
output from the National Meteorological Center's
Nested Grid Model (NGM) (Hoke et al. 1989), this
system produces public and aviation guidance for
projections of 6 to 60 hours. The new guidance
was developed by applying the Model Output
Statistics (MOS) approach (Glahn and Lowry
1972) and will replace a MOS guidance package
developed in the late 1970's and early 1980’s from
the Limited-area Fine-mesh Model.

The NGM-based MOS guidance is avail-
able for over 300 stations in the contiguous
United States during the 0000 and 1200 UTC fore-
cast cycles. Forecasts of maximum/minimum
(max/min) temperature, surface temperature,
surface dew point, surface wind, probability of
precipitation (PoP), precipitation amount, precipi-
tation type, snow amount, thunderstorms, severe
thunderstorms, -opaque cloud cover, ceiling
height, visibility, and obstruction to vision are dis-
played in an alphanumeric message. In this
paper, we discuss the forecast message and
provide guidelines for interpreting the guidance.

2. WEATHER ELEMENT DEFINITIONS

In developing the MOS forecast equa-
tions, we first define the weather element to be
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predicted (the predictand). For instance, the max
(min) temperature is the highest (lowest) value
observed at a station from 7 a.m. to 7 p.m. Local
Standard Time (7 p.m. to 8 a.m. Local Standard
Time). The surface temperature, dew point, wind
direction and speed, ceiling height, opaque cloud
cover, Visibility, obstruction to vision, and precipi-
tation type predictands are station values ob-
served at specific hours. The precipitation reports
used in developing the PoP, precipitation amount,
and snow amount equations are station values
observed during 6- or 12-h intervals.

In contrast to these station-specific pre-
dictands, the thunderstorm and severe thunder-
storm predictands are area-specific; that is, the
occurrence of a thunderstorm or severe thunder-
storm is defined for a rectangular area surround-
ing a station that is approximately 115 km on a
side (Bower 1993). Thus, the thunderstorm
probabilities indicate the likelihood of a thunder-
storm over a station’s area. The PoP indicates
the likelihood of precipitation at the Station site.

Two elements in the NGM MOS forecast
system, namely, precipitation type and severe
thunderstorms, are “conditional" predictands.
That is, forecasting either precipitation type or
severe thunderstorms inherently assumes that
precipitation or thunderstorms, respectively, will
occur. Only precipitation cases or thunderstorm
events are included in the developmental sample.
Thus, the MOS conditional forecasts are virtually
meaningless if the unconditional event (precipita-
tion or thunderstorms) is not expected.

3. THE MOS ALPHANUMERIC MESSAGE

Figure 1 shows the NGM MOS guidance
issued for Roanoke, Virginia, during the 1200 UTC
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Figure 1. NGM MOS guidance for Roanoke, Virginia, for the Novel predictors, including variables

1200 UTC cycle on February 5, 1993.

forecast cycle on February 5, 1993 (see Dallavalle

et al. 1992 for an explanation of the message).
Note that opaque cloud cover, precipitation type,
and ceiling height forecasts are encoded, cate-
gorical values. These forecasts are generated by
using probability forecasts of categories of these
elements in such a way as to optimize a specific
measure of skKill.
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4. DEVELOPMENTAL CONSIDERATIONS

Except for the mean relative humidity
between the surface and approximately 500 mb,
the precipitation amount, and the precipitable
water, all of the predictor variables are interpolat-
ed from the NGM'’s vertical sigma coordinates to
constant pressure surfaces. The basic meteoro-
logical variables at these pressure surfaces are
forecasts of temperature, relative humidity, geopo-
tential height, and the three-dimensional wind
field. Furthermore, predictors used in the NGM
MOS equations are not taken from the compu-
tational grid, but from a grid with half the horizon-
tal resolution. Even with this coarser grid, further
spatial smoothing is usually necessary to provide
the most useful predictors. Finally, although we
produce MOS forecasts such as temperature, dew
point, clouds, and wind at 3-h intervals, the NGM
variables used as predictors are only available for
projections of 6, 12, 18, ..., 42, and 48 hours. To
compensate for this lack of temporal resolution,
we use time-averaged or time-differenced predic-
tors.

Despite these limitations, we use meteoro-
logical forecasts that are seldom seen by the
operational forecaster. Thus, the NGM tempera-
ture, relative humidity, and wind forecasts are
available at pressure surfaces every 50 mb from

that indicate shallow cold air topped

by a warm (above freezing) layer, the

relationship between low-level thick-
ness and snowfall at specific sites, and the com-
bined effects of upward vertical velocity and high
relative humidity.

5. GUIDANCE CONSISTENCY

We used two developmental techniques
to enhance meteorological consistency in the
MOS forecasts. First, we developed equations for
certain related weather elements, for example,
temperature and dew point, at the same time.
This ensured that the same predictors were used,
although the coefficients differed. Secondly,
similar predictors were used for related predic-
tands. For instance, the same general predictors
were used for ceiling height and cloud equations.
These techniques, however, do not guarantee
consistency in the resulting MOS forecasts. Thus,
in post-processing the MOS forecasts before
issuance, we perform certain consistency checks
for the temperatures and dew points. For exam-
ple, if the predicted dew point exceeds the pre-
dicted temperature for the same projection, both
values are set to the average of the original
forecasts.

Unlike the temperature and dew point
guidance, we make no effort to check most of the
MOS guidance, preferring that the forecaster
reconcile inconsistencies with his/her interpreta-
tion of the meteorological conditions. In Fig. 1,
notice that the ceiling and cloud guidance valid at
0000 UTC on February 7 indicate that a ceiling
height of category 6 (6500 - 12000 feet) is expect-
ed with scattered clouds. These forecasts are
inconsistent since a ceiling is defined as opaque
cloud cover of 0.6 or more sky coverage, that is,
broken sky cover conditions. Other potential
inconsistencies (not necessarily seen in Fig. 1)



include a 12-h PoP (thunderstorm probability) less

than a 6-h PoP (thunderstorm probability) valid }

during one of the 6-h periods comprising the 12-h
period. A third type of inconsistency occurs when
precipitation is expected and the precipitation
type guidance indicates rain with temperatures
predicted below freezing, or freezing rain when
temperatures are predicted to be above freezing.
An apparent inconsistency in Fig. 1 is actually a
function of the predictand definition. Notice that
the precipitation type guidance for 0000 UTC on
February 7 indicates snow while the temperature
forecast is for 42 F. Remember that the precipi-

tation type guidance is conditional upon precipita-
tion occurring and that the 6-h PoP’s around this

time are near or equal to zero, indicating that

precipitation is not likely.

Despite inconsistencies, the MOS guid-
ance generally presents a realistic picture of
expected conditions. Note in Fig. 1 that a minor
feature is expected around 1800 UTC on Febru-
ary 6. Thus, broken cloud cover is forecast at
1800 UTC with a ceiling between 6500 and 12000
feet. The PoP's, although very low, rise slightly.
After the feature passes, the winds veer to a more
northerly direction, the temperature and dew point
fall, and the ceiling becomes unlimited.

8. GUIDELINES FOR USING MOS

Three approaches can be taken to using
the MOS guidance: ignore the guidance, accept
the guidance without question, or use the guid-
ance as a tool in helping to make a forecast. We
suggest that the third approach is the most valu-
able. Here are some general guidelines that may
help in the analysis process.

—~ MOS is based on the application of multiple
linear regression which minimizes the mean
square error. Consequently, MOS forecasts
the average observed meteorological condi-
tions, given conditions predicted by the NGM.
Thus, the MOS guidance can correct for some
of the systematic bias found in the NGM fore-
casts. However, the MOS guidance will proba-
bly not correct for biases that occur only under
certain synoptic situations. Thus, it is impor-
tant for the forecaster to build a local climatol-
ogy of MOS errors.

-- We have attempted to mimic the meteorologi-
cal thought process, particularly in regard to

using the vertical atmospheric structure. Thus,
the user is warned not to discard the guidance
because it seems inconsistent with the forecast
1000-500 mb thickness or the 500-mb geopo-
tential height. Remember that the use of the
NGM in the lower troposphere is extremely
important in predicting weather elements such
as precipitation type, ceiling height, or temper-
ature. The MOS equations, by using a sophis-
ticated set of predictors, incorporate meteoro-
logical information that the human often can
not use in an operational environment.

The forecaster should consult the alphanumeric
messages (National Weather Service 1985) that
contain direct NGM forecasts from the fine-
scale computational grid. The vertical resolu-
tion available in these products can assist in
assessing the information contained in the
NGM MOS forecasts. The forecaster is remind-
ed, however, that smoothing of the NGM
predictors, even though extracted from a
coarser output grid, is essential for maximizing
the accuracy of the MOS guidance. In other
words, the detail found in the raw NGM output
is not_always representative of atmospheric

conditions. In the mean, smoothing of the

predicted fine-scale features is useful. The
challenge to the forecaster is to decide when
smoothing of these features, as done in the
MOS equations, is not desirable.

Because of the horizontal and temporal scale
of the predictors used in the NGM MOS equa-
tions, mesoscale features are unlikely to be
predicted well by the MOS guidance.  The
forecaster should consult NGM forecasts of
precipitation amount displayed on the graphical
model output (and extracted from the fine-scale
computational grid) to determine whether
mesoscale features are predicted by the NGM
and missed by the MOS guidance.

The MOS guidance tends toward mean condi-
tions with increasing projection because the
NGM is less accurate with increasing model
projection. The MOS guidance also uses
predictors at 6-h intervals. Nevertheless, we've
observed that the NGM MOS forecasts are
much sharper and show much more detalil,
even at later projections, than we've seen with
previous statistical forecast packages. This is
a_direct conseguence of the meteorological

information contained in the NGM.




- No NGM forecasts are available at projections
beyond 48 hours. Thus, the MOS guidance at
the 54- and 60-h projections are extrapolations
of conditions predicted at 48 hours. During
active meteorological conditions, the MOS
forecasts should be modified accordingly.

— The thunderstorm probabilities are for an area
while the PoP’s are point probabilities. Particu-
larly in convective situations, the thunderstorm
probabilities will exceed the PoP’s. We've
found the thunderstorm probabilities are good
signals of heavy precipitation events, even
during the cooler months of the year.

-- The lowest layer in the NGM has a thickness of |

about 30 mb. Since this thickness indicates
the limit in the NGM'’s vertical resolution, the
MQOS ceiling height forecasts might not be able
to distinguish ceilings in the towest 300 m of
the atmosphere. In fact, the NGM MOS ceiling
height forecasts are skillful in distinguishing
between ceilings below or above 300 m, but
the skill of the guidance decreases substantially
in distinguishing among ceiling height cate-
gories below 300 m. Nevertheless, the ceiling
and cloud guidance are helpful in indicating the
presence or absence of specific ceiling layers.

-- The forecaster should consider the temporal
and spatial continuity in the MOS forecasts. If
the guidance for a particular projection at a
station looks anomalous, consideration of the
guidance at adjacent projections or adjacent
locations can assist in making an informed
decision about the quality of the guidance.
Similarly, errors in the NGM MOS temperature
guidance tend to be associated with specific
meteorological features as weather systems
migrate across the U.S. Knowledge of the
NGM MOS performance during a previous
guidance cycle upstream of the forecaster's
station should aid in use of the guidance.

- While the MOS guidance can predict record
events on a given day, the user must recognize
that the representativeness of the developmen-
tal sample contributes to the accuracy of the
guidance. By definition, the approaching
“storm of the century” will not have been in the
MQOS developmental sample. Snow cover at a
station that normally has no snow may ad-
versely affect the temperature forecasts. The
PoP's or precipitation amount forecasts may

lack skill at stations that were in drought re-
gimes when the guidance was developed.
Knowledge of the local climate is essential to
interpreting the MOS guidance.

-- Remember that the "M" in MOS does not stand
for Magic. The MOS guidance will not correct
for random NGM errors or bad forecasts. If the
NGM forecasts err badly in predicting mqve-
ment or development of meteorological fea-
tures, the MOS guidance will likely represent
these bad forecasts in a faithful manner.

- Use the MOS guidance as a tool to understand
what the NGM is predicting, in view of a history
of prior predictions. The meteorologist must
critically and intelligently interpret the guidance
in view of her/his own knowledge and the
availability of other forecast tools.
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