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ABSTRACT

The National Weather Service provides forecCLSters with
numerical gtddance through a process known as Model
Out~t Statistics (MOS). Parameters such CLS
temperature, precipitation probability, wind direction
and speed are a few of the products derived from this
system. The F012 bulletin received t"-ice daily
contalm much of the MOS information.

Numerical guidance, though accurate, is subject to
systematic errors. Conditions not represented In the
MOS equatioru such a.s .mow and clotn cover, truncation
errol'3, prOgl"lImmmg errol'3 resulting in periodic biases,
and differences In verification interwls all combine to
lead MOS away from an accurate forecast.

Knowledge of systematic errol'3 is essential for proper
ewlUlJtion of guidance material. Forecastel'3 must
identify these errQl'3, and make necessary adjustments
before incorporating guidance products into their
forecast.

This paper Invesb'gltes marimwn temperatW'e, and
attempts to locate systematic biases occW'ring on a
seasonal basis. The conclusions and recommendations
are somewhat subjective, and oriented primarily toward
the forecaster. Six years of marimwn temperatW'e
forecasts produced by MQS and "5FO forecasters were
em mined. Certain seasonal biases were discovered.

/. PROCEDURE

WSFO Washington issues zone forecasts for Maryland,
Virginia and Delaware. The WSFO also has the
responsibility of preparing a ijlore detailed forecast for
the greater Washington metropolitan area, and because
of this, it was decided to investigate temperatures at
Washington National Airport (DCA). First period
maximum temperatures were chosen because they were
considered to be of most interest to the public.

WSFO forecasters issue the first DC and vicinity
forecast about :;:00 AM EST. Before transmitting the
local forecast, forecasters log on an office verification
form the maximum temperature derived from 1'.105, and
their own. The first period of the local forecast runs
from 7:00 AM EST to 7:00 PM EST. Six years of
temperature data was accumulated by filing through old
WSFO verification fOrms.

To delineate temperature biases occurring on a seasonal
basis, each of the six years was divided into thirty-five
ten day intervals, 0Ile eight-day interval, and one
five.day interval. Averaging six years of data within
each interval, a bias was determined. (See Tables
3a<). By arranging the intervals chronologk:ally from
January through December, it was possible to show
graphk:ally temperature bias as a function of season.

A total of 4200 cases were used. Failure of aMOS n • ."

26

illegible handwriting, torn or lost forms accounted for
any missing data.

Moisture has an important effect on maximum
temperature. To detect any bias which might be
produced by differences in atmospheric relative
humidity, each ten.day interval was divided into those
occurring in a '..,.et' atmosphere, and those occurring in
a 'dry' atmosphere.

A forecast of relative humidity was taken from the
0000 GMT FQUS 18·hour projection of mean relative
humidity from the boundary layer to near j()() MBS. A
wet atmosphere was defined as having a relative
humidity equal to or greater than 60 percent; a dry
atmosphere less than 60 percent. Sixty percent was
chosen because a higher relative humidity might greatl)'
limit the number of wet cases.

Figure I represents a graph showing intervals occurring
with low relative humidity. Figure 2 represents those
with high relative humidity. The number of cases
comprising an interval is shown at the top or bottom of
each point.

2. DISCUSSION

The first portion of this discussion deals with
temperature biases occurring in an atmosphere forecast
to have relative humidity less than 60 percent.

Beginning in early December and continuing through
mid-February, maximum temperatures produced b)'
MOS show a strong positive or warm bias. (See
Figure I.) WSFO forecasters continue the same warm
trend, but with a lower bias. Several factors ma)'
contribute to this trend.

In December, the first of many arctic fronts pass
through the Washington area. Cold advection
associated with these is strong, and often overrides the
normal diurnal temperature variation. Under these
conditions, warmest temperatures occur within an)'
verification period just before, or wring, the onset of
cold advection. This can lead to a bias.

For the ~astern Region, the National Weather Service
defines the first period of the early morning forecast as
beginning at 7:00 AM EST (I200 GMT), and ending at
7:00 PM EST (0000 GMT). A maximum temperature
must be forecast within that time. 1'.105, however,
selects a maximum from a longer time period (midnight
to midnight). When strong cold air advection begins
lowering temperatures at the start of the MOS
verification period, by the time the forecaster's
verification period begins, the actual temperature will
be considerably lower. MOS 'sees' the earlier max, and
makes a warmer forecast. Comparing the observed
12-hour maximum, the forecaster's max, and that
produced by MOS, MOS is consistently warmer.



"'arm biases which might occur during periocls of little
or no cold air advection, may be the result of MOS and
forecasters overestimating the sun's ability to warm the
lower layers of the atmosphere. Very cold air is not
easi.ly warmed, is often shallow, and is not adequately
represented by MOS. Toward the end of the cold
season, the sun's strength becomes an important factor.

The strong warm bias present during the coldest months
ends abruptly in mid-February. MOS maximum
temperatures shift to an equally strong cold bias.
Except for one ten-day interval in mid-May, MOS
continues a cold bias through mid-June, and to a lesser
extent through mid-September. Compared with MOS,
forecasters show a lesser cold bias from mid-February
to mid-June, and no bias from mid-June to mid
September.

Prcbably the most important element contributing to
the abrupt change in bias is the rapid increase in solar
energy. Additionally, there is a decrease in the
frequency and strength of cold air advection. The
iIIcreasing strength of the sun and weaker cold air
advection are apparently LrIderestimated by MOS and
the WSFO"'forecaster. The heat island effect also may
be ISlderestimated.

;"0 long term biases were found during the fall season.

The remainder of this discussion deals with
temperatures occurring in an atmosphere forecast to
have relative humidity equal to or greater than 60
per~nt.

Beginning in mid-December and continuing through
mid-April, MOS develops a widely variable but
consistently warm bias. (see Figure 2.) WSFO
forecasters cootinue the same warm trend, but with a
smaller bias.

Earlier in this discussion, the effect of cold advection,
differing verificatioo periods, and how they combine to
lI"oduce a bias were examined. A similar effect occurs
l1Jring warm advection, causing temperatures at the
beginning of any verification period to be colder than at
the end. The verification period for MOS extends
further in time than the forecaster's and comparing
temperatures forecast by MOS against the forecaster,
MOS would be consistently warmer.

Cold water may also cootribute to a warm temperature
bias. During the late winter and spring months, many
moist patterns are accompanied by water cooled winds
from the northeast through southeast. MOS may lower
temperature statistically with respect to these wind
directions, but apparently not enough.

Another important consideration is that, at this time of
year, most, if not all, high relative humidity
occurrences are accompanied by overcast skies. It has
been shown by others that, when skies are overcast,
MOS will often overforecast maximum temperature,
i.e. forecast too warm.

The continuous warm bias shown by MOS ends abruptly
in late April. Except for two periods in June, MOS
Cllflsistently forecasts temperatures too cold from late
April through late August. In cootrast to MOS, V.SFO
forecasters, on the avera~e, forecast temperatures too
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warm. Several factors may help explain the abrupt
change in MOS bias.

Toward the end of April, a shift develops away from a
more stratiform type of cloudiness and precipitation to
a more convective type. The occurrence of days with
100 percent overcast is dramatically reduced. At this
time of year, a short period of sunshine will allow
temperatures to rise rapidly. MOS probably
overestimates the effect of high relative humidity,
underestimates the sun's strength, and lowers
temperatures too much. Forecasters are aware of this,
but overcorrect. Additionally, by late spring water
temperatures become warm and are less important in
reducing air temperatures.

In a dry atmosphere, no prolonged biases were
discovered during the fall months. The same was true
for a moist atmosphere. Short term biases varied
widely, but on a seasonal basis averaged close to zero.

3. CONCLUSION

Examining six years of maximum temperature data
revealed definite seasonal biases. Temperatures over
large portions of any particular season varied from
consistently warm to consistently cold. A few
suggestions may help forecasters identify and reduce
their biases.

In a dry atmosphere, and for a large portion of the
winter, MOS and the WSFO forecast temperatures too
warm. By identifying strong cold air advection, keeping
in mind the differing verifying periods, and using the
relatively new three-hourly MOS temperature guidance,
this tendency can be reduced significantly. In
situations with little or no cold air advection, keep in
mind that a low SlCI angle will add little warmth to the
lowest layers of the atmosphere. Cold air during the
coldest months is often shallow, not easily warmed, and
not adequately reflected by MOS.

As the season shifts from cold to warm, late February
onward, MOS begins to underestimate the sun's ability
to warm the lower atmosphere, and probably the heat
island effect as well. Beginning in late February, if a
sunny day is expected, adjust temperatures upward.

Seasonal biases also appear in a wet atmosphere. Most
notable is the nearly continuous warm trend from
mid-December through mid-spring. By remaining aware
of the inability of MOS to adequately reduce
temperatures with an overcast sky, forecasters can
reduce their bias by lowering temperatures a few
degrees. Keep in mind that, during strong warm air
advection, the longer MOS verification interval will
lead to a warmer forecast relative to our 12 hour
period. As the season moves through early and
mid-spring, place more emphasis on the cooling effect
of ocean breezes.

Water temperatures begin to warm, cloudiness and
precipitation become more convective, and by
mid-spring MOS changes abruptly from a warm to a
cold bias. Forecasters seem to be aware of this, but
overcorrect, and continue a warm bias well into
September. A more conservative forecast relative to
MOS would reduce this bias to near zero.
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1. Clifford Crowley is currently a forecwter with the
NUS at "a!hington, D.C. A graduate of Florida
State University, he has had a wriety of work
asmgtments in locatiom throughout the eastern
U.s. He has had an article published in an earlier
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This paper has attempted to id~tify and locate
seasonal biases made by MOS and the W5FO
forecaster. Certain biases were discovered, and it is
hoped through their recognition that forecasters will be
able to properly adjust guidance material and produce a
more accurate forecast.
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