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ABSTRACT 

A study was undertaken to verify Model 
Output Statistics guidance and western 
Pennsylvania zone forecasts for temperature 
and probability of precipitation at Brad
ford, Erie, Philipsburg, and Pittsburgh. 
The data were collected from May, 1981, to 
May, 1983. For temperature, the subjective 
forecast was more accurate than guidance 
for the first period, with the guidance 
being more accurate than the forecast for 
the third and fourth periods. For the 
second period, the accuracy of the sub
jective forecast and guidance was about the 
same. For probability of precipitation, 
the accuracy of the forecast was about the 
same as the accuracy of the guidance in 
significant precipitation events. Fore
casters need to improve on guidance in the 
24- to 48-hour period. Possible methods of 
improvement are discussed. 

1. INTRODUCT ION 

In the view of the general public, one of 
the main duties of the National Weather 
Service is the two-day (zone) forecast. 
Except for severe weather warnings, the 
two-day forecast is the best-known product 
of the NWS. Many people plan their daily 
schedules and wardrobes on the basis of 
this forecast. Because of its wide use, 
the two-day forecast should be closely 
scrutinized and constantly improved. Of 
the environmental condi tions predicted in 
the two-day forecast, temperature and 
precipitation are of the greatest concern 
to the public. A study was undertaken to 
ver:ify the two-day sUbjective forecast of 
these and the guidance used to prepare the 
forecast. The guidance used is based on 
the Model Output Statistics (MOS) technique 
(2) . Data were collected from May 1981, to 
May 1983. Temperature was verified using 
the Mean Absolute Error (MAE) . 
Precipitation was verified using a simple 
Brier Score B=(I-POp)2 (3). Statistics 
were computed for the four cities in 
western Pennsylvania for which there is MOS 
guidance: Bradford, Erie, Phillipsburg 
(precipitation only), and Pittsburgh. MOS 
guidance is available twice a day, from the 
OOz and l2Z cycles of the Limited Area 
Fine-Mesh computer model. The accuracy of 
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this guidance was compared to the accuracy 
of the forecast issued by the staff at 4 AM 
and 4 PM local time. Temperature was 
verified for three periods (today, tonight, 
and tomorrow) from the OOZ cycle-4 AM 
forecast and four periods (tonight, 
tomorrow, tomorrow night, and the day after 
tomorrow) from the 12Z cycle-4 PM forecast. 
Pittsburgh was verified for four periods for 
both cycles for temperature using the 
selected city forecast. 

To make the precipitation data more 
meaningful, guidance and forecast were 
verified only when a measurable amount of 
precipitation (greater than or equal to .01 
inch liquid) occured during one of the 
first three periods of the forecast. If 
data were verified for every period, 
whether precipi tat ion occurred or not, the 
Br ier Score could be spur iously low. On 
many days dur ing the summer and fall, the 
probability of precipitation is very low 
and easy to forecast. This procedure 
eliminated forecasts of high probabilities 
of precipitation when no precipitation 
occurred. The public, however, is more 
cr i tical of forecasts of low probabili ties 
of precipitation when precipitation occurs. 

A daily sheet was maintained by the staff 
to enter the guidance and their forecast of 
temperature and probability of precip
i tation for each per iod for the four 
cities. At the end of each month, the 
average MAE and Brier Score for each period 
in each city were computed. A graph was 
prepared for each period for each city, for 
both temperature and precipitation. 

2. DISCUSSION 

A cursory inspection of the temperature and 
precipitation graphs (see Figures I - 7) 
shows generally little difference between 
the accuracy of the subjective forecast and 
that of guidance. Forecasters appeared not 
to have made significant improvement over 
the guidance. A closer look at the graphs 
i~dicated variable results. 

A closer examination of the temperature 
graphs (see Figures I - 3) reveals important 
factors: 1) the MAE increases with the 
period number, and 2) both guidance and 
forecast are more accurate in the summer 



months than during the winter. In the 
first per iod, the forecast was qui te 
accurate, ~~ expected, with most MAE I S 
below four(see Figures la, 2a, and 3a). The 
lowest errors occurred during the summer 
months. Errors varied during the other 
months. The guidance in the first period 
was less accurate than the forecast, 
especially during the abnormally warm 
winter of 1982-83. Graphs for the second 
per iod show the forecast more similar to 
guidance (see Figures Ib, 2b and 3b). From 
month to month, they are both about the 
same whether the MAE is high or low. Only 
the Erie forecast was more accurate than 
guidance, during the winter of 1982-83. In 
the third and fourth periods the similarity 
between guidance and the forecast is even 
more pronounced (see Figures Ib, Id, 2c, 2d, 
3c and 3d) Only in the third period at 

Bradford and Pittsburgh was the forecast 
more accurate than guidance, in the winter 
of 1982-83. 

A closer examination of the precipitation 
graphs still shows that forecasts were 
almost identical to guidance (see figures 
4 -7) in all three periods at all four 
cities. The most significant difference 
between the temperature data and the 
precipitation data is the time of year when 
the errors are larger. Our ing the summer 
months the Brier Score is higher than 
during the winter months. Forecasting and 
ver i fy ing summer time thunder storms is more 
difficult than forecasting and verifying 
wintertime precipitation, which is on a 
larger scale and usually associated with 
organized systems. The precipitation data 
'are in direct contrast to the temperature 
data; both guidance and forecast are more 
accurate during the summer months for the 
temperature data, but least accurate during 
the summer months for the precipitation 
data. Precipitation and temperatures are 
alike, however, in that the accuracy of the 
guidance and subjective forecast decrease 
as the forecast projection increases. 

An interesting sidelight to this study was 
the accuracy of the forecast vs. guidance 
during the winter of 1982-83. This was one 
additional factor in favor of the office 
staff. MOS guidance was not able to adjust 
to the abnormally warm temperatures. The 
office staff, however, did recognize what 
was taking place, and especially in the 
early per iads, the forecast was about one
half degree more accurate than guidance. 

3. CONCLUSION AND SUGGESTIONS 

Comparing the forecast to MOS guidance 
indicated the strength and weakness of 
both. The forecast did well in the first 
period for temperature, but it should 
adhere more closely to guidance in the 
second, third, and fourth periods. There 
is room for improvement for both forecast 
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and guidance in these later periods, but 
comparison showed that guidance is more 
accurate. For precipitation the accuracy 
of both forecast and guidance were about 
the same, but least accurate during the 
summer months. 'l' herefore, two needs are 
apparent: 1) to improve the use of 
guidance to make more accurate forecasts, 
and 2) to improve the guidance itself. The 
latter continues to be a concern of ' 
research meteorologists at the National 
Meteorological Center and the Techniques 
Development Laboratory. The former is a 
concern of meteorologists in the field. 
Forecasters need to reduce the errors and 
try to recognize when guidance is incorrect 
in the speed and movement of fronts and air 
masses . 

The reason for some of the large errors in 
the temperature data for both the forecast 
and guidance is the timing of frontal 
systems. From the fall through the spr ing, 
strong fronts move through western Penn
sylvania. Temperatures can drop 15 degrees 
or more over short periods of time after 
the front passes by. Because of this large 
temperature difference, predicting movement 
of these fronts accurately can be critical. 
This is one reason why errors are much 
smaller during the summer months; the temp
erature difference between cool and warm 
air masses on either side of the front is 
not as large as during the other seasons. 
The timing of the speed and movement of 
large air masses, however, does not seem to 
affect precipitation as much as temp
erature. 

Are forecasters becoming victims of 
nMeteorological Cancer?" Snellrnan (4) 
coined this term to refer to the tendency 
of forecasters to accept routinely 
objective guidance without modification in 
the preparation of the daily forecast 
package. At WSFO Pittsburgh, forecasters 
try hard not to be solely dependent on 
guidance by routinely analyzing mesoscale 
charts every 3 to 6 hours, and upper air 
charts and soundings every 12 hours. These 
procedures help in the understanding of 
present weather, which is reflected in the 
consistent improvement of the forecast over 
guidance in the first period for temp
erature. In subsequent periods for temp
erature, and all periods for precipitation, 
forecasters become too dependent on 
guidance. A method to update the model 
after initial analysis would help. This 
update could be used to make minor cor
rections which could greatly influence the 
solution of the model through 48 hours. 

The Techniques Development Laboratory of 
the National Weather Service has a project 
called the Local AFOS MOS Program (LAMP) 
(5) • The purpose of the project is to 
provide MOS forecasts to a WSFO for 
essentially all locations for which the 
WSFO makes routine forecasts. These fore-
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casts will be for most weather elements and 
for projections of I to 20 hours. The 
program involves updating the centralized 
MOS forecasts by using the mini-computer 
that all WSFO's have in AFOS to run three 
rather simple forecast models. This data 
is combined with the latest hourly 
observations. Radar and satellite data 
could also be used when available. LAMP 
has already been used experimentally to 
forecast surface winds (6) and precip
itation type (7) in the Washington, D.C. 
forecast area with some success. "More 
timely feedback and use of verification 
statistics" (8) could also be helpful to 
forecasters. Sometimes models establish 
short-term trends that could be detected by 
the forecaster and subsequently increase or 
decrease the movement of the next cold 

front. With the new AFOS ERA Verification 
Program, more timely feedback is becoming 
available. 

A method of improving the forecast could be 
to review the performance of previous 
cycles of the different models and compare 
those versions to the most recent version. 
Then, prepare a preliminary version of the 
forecast using only the models. Fore
casters can write forecasts without viewing 
the printed MOS guidance. They could first 
study present weather conditions and progs 
from the different models, then compare 
their predictions of temperature and prob
ability of precipitation to those of 
guidance. This method can stimulate more 
original thinking in the preparation of the 
forecast and more understanding of the 
models and guidance. 
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Figure lao Monthly average Mean Absolute Error 
for the temperature in the first per iod at Bradford, PA. 
The broken line is the guidance MAE, and the solid line 
is the forecast MAE. 
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Figure lc. Third period at Bradford . 
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Figure lb. Second period at Bradford. 
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Figure ld. Fourth period at Bradford. 
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Figure 2a . Same as Figure la except for the 
first period at Erie, PA. 
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Figure 2e. Third period at Erie. 
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Figure 2b. Second period at Erie. 
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Figure 2d. Fourth period at Erie. 
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Figure 3a. Same as Figure la except for the fir s t 
per iod at Pittsburgh. 
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Figure 3c. Third period at Pittsburgh. 
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Figure 3b. Second period at Pittsburgh. 
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Figure ' 3d. Fourth period at Pittsburgh. 
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Figure 4b. Second per iod at Bradford. 
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Second period at Erie. 
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Figure Sc. Third period at Erie. 
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Figure 6a. Same as Figure 4a, except for the first period at 
Phillipsburg, PA. (June 1981 data missing). 
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Figure 6c. Third period at Phillipsburg 
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Figure 7a. Same as Figure 4a, except f o r the first perio d at 
Pittsburgh, PA . 
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Figure 7b. Second per iod at Pi ttsburgh. 
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Figure 7c. Third period at Pittsburgh . 
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