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ACCURACY OF AUTOMATED TEMPERATURE 
FORECASTS FOR PHILADELPHIA AS RELATED 
TO SKY CONDITION AND WIND DIRECTION

Abstract

Mean absolute and algebraic errors for National Weather Service 
automated surface temperature forecasts for Philadephia3 TA3 are 
presented as a function of observed cloud cover and surface wind 
direction„ Application of results on independent datas using 
operational forecasts of cloud cover and wind directions decreased 
the error in automated temperature forecasts by an average of 1.0° F. 
for minimum temperature and 0,1° F„ for maximum temperature,
Jo Introduction

Objective temperature forecasts (Klein), prepared by computer, 
are issued twice daily for a large number of cities in the United 
States, one of which is Philadelphia, PA, Each forecast release 
contains 2 predicted daily maximum temperature and 2 predicted 
daily minimum temperatures for a period 24 to 60 hours in advance 
of initial data time. The forecasts based on 0000Z data, for 
instance, are for subsequent daily maximum, minimum, maximum and 
minimum temperatures in that order.

The automated forecasts are based on large-scale upper air conditions 
predicted by the primitive equation (PE) model and on antecedent 
temperature conditions. Different sets of multiple regression 
equations are used for each bimonthly period starting with January- 
February, The regression equations usually contain four or five 
variables consisting of 700 mb, heights and 1,000 - 700 mb, 
thickness values at certain intersections of latitude and 
longitude and maximum and minimum temperatures at certain key 
cities. The day of the year also appears in some equations. For 
the dependant data, the equations derived for Philadelphia give an 
average reduction of variance of about 77% and a standard error of 
estimate of about 4,4 degrees.

Since the computer forecasts are based on correlations between 
surface daily maximum and minimum temperatures and large-scale 
upper air conditions, specific localized conditions that may affect 
temperatures are accounted for only in an indirect manner. It is 
assumed that the local forecaster will make adjustments to the 
computer predictions when local conditions are considered important 
or abnormal. It is the purpose of this investigation to relate 
errors in the computer forecasts to observed conditions of sky
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cover and surface wind direction. A set of corrections are presented 
which can be used by the local forecaster in modifying the automated 
forecasts.

XX, Procedures

Automated temperature forecasts were examined for the one year 
period from April 1970 through March 1971. The April 1970 start­
ing date was selected because of a modification in the operational 
system during March 1970 which subsequently allowed for input from 
the NMC PE model,, No known significant changes have been made in 
the operational system since March 1970.

Observed conditions of opaque sky cover and wind direction were 
averaged for 12-hour periods from 0000Z to 1200Z and from 1200Z to 
0000Z to correspond with the usual periods of falling and rising 
temperatures,respectively» Sky condition was categorized as being 
clear, partly cloudy, or cloudy, based on the usual definition of 
these terms, i„e0, 0-3, 4-7, and 8-10 tenths of cloudiness, respec­
tively. Average 12-hourly wind direction to eight points of the 
compass was estimated by visual examination of the hourly observations 
in the 12-hour period.

Although the normal time of occurrence of daily temperature 
extremes varies with the time of year, no attempt was made to use 
a variable time period in which to average cloud cover and wind 
direction. It was assumed that sky cover and/or wind direction 
observations between the time of occurrence of the maximum or 
minimum temperature and the end of a 12—hour period would not 
significantly affect the average for the 12-hour period. It was 
therefore considered appropriate to work with the fixed 12-hour 
periods as stated above.

Mean absolute and algebraic errors for the automated forecasts 
were determined for each category of sky cover and wind direction, 
seperately and in combination, to determine if a bias existed.
These statistics were determined for bimonthly periods conforming 
with the use of bimonthly regression equations.

Finally, a set of algebraic corrections was derived based on the 
above calculations. Corrections applied to the automated temperature 
forecasts on an operational basis by forecasters at Philadelphia 
from July 1, 1971 to December 31, 1971 were evaluated to determine 
usefulness of these corrections.
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IIIo Discussion of Results

The average errors in automated temperature forecasts for different 
lead times of forecasts are depicted in Table 1. On an annual 
basis, average absolute errors ranged from 4.0 degrees to 4.7 
degrees for maximum temperatures and 3.6 to 4.4 degrees for minimum 
temperatures. The increase in mean absolute forecast error from 
the first period to the fourth period was nearly identical for 
maximum and minimum temperature forecasts averaging 0.7 and 0.8 
degrees, respectively. This represents only an 18% increase in 
error as the forecast period was extended from 24 to 60 hours.

Absolute errors in maximum temperatures were largest during 
January-February, March-April, and May-June,while absolute errors 
in minimum temperatures were largest in the September-October, 
November-December, and January-February periods. The largest average 
error for any period was 6.2 degrees in minima during September- 
October. It might be well to mention, however, that the data for 
that two-month period may have been influenced by abnormally high 
temperatures during much of September. This fact should be kept 
in mind when future references are made to that particular 
bimonthly period.

The smallest absolute errors occurred in first period maxima 
and second period minima forecasts for July-August, the average 
being 2.3 degrees. The average error of all forecasts issued 
in the July-August period was only 2.7 degrees.

Mean algebraic errors, on an annual basis, averaged +0.2 to 
+0.9 for maximum temperatures and -1.9 to -2.5 for minimum temp­
erature forecasts. All maxima predictions were too high, on 
the average, except those recorded during the questionable 
September-October period and also the second period forecasts in 
March-April. The largest algebraic error involving maxima, +2.3 
degrees, occurred in fourth period January-February forecasts and 
first period May-June forecasts. Minimum temperatures9 on the other 
hand,were too low in every period and the largest algebraic error 
was -4.4 degrees for fourth period September-October forecasts.

In Table 23 temperature forecast errors for all periods combined 
are shown as a ftaction of sky cover conditions. It can be seen 
that the largest mean absolute errors for both maxima and minima 
occurred under cloudy conditions. Maxima on cloudy days during 
May-June were on the average 7.1 degrees in error and those 
during March-April were 6,4 degrees in error. Minimum temperatures 
during September-October were 7,0 degrees in error, on the average, 
on cloudy nights. On an annual basis there was little difference 
between the average errors on clear and partly cloudy days.
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The effects of sky cover becomes even more apparent when 
onsidenng the mean algebraic errors. Maximum temperature 

forecasts averaged 1.4 degrees too low on clear days but were
degrees mi 8 °n Cl°Udy dayS’ 30 al8ebralc difference of 

4.1 degrees. Minimum temperature forecasts were 0.5 degrees too
ow on c ear nights and 4.2 degrees too low on cloudy nights

periods^the individual^o-monkTo m d T h °V'leffects  of sky condition become even more pronounced 
In May-June maxima forecasts on clear days averaged 2?4
ali2rSt°°, Were 6’5 degreeS t0° biSb - cloudy days an
was 8 01dpdlfferenve °f 8,9 degrees* In March-April the difference 
was 80 degrees. Minimum temperature forecasts in November-
ecember averaged 1.6 degrees too high on clear nights and 6 1 
egrees too low on cloudy nights, an algebraic difference of‘7 7 degrees. In contrast to these large differences, there was lL 

than one degree algebraic difference between clear and cloudy 
conditions for November-December maxima and July-August minima.

dtrtZi3 ^ 4' ^l3te temPerature forecast errors to wind
temperaturfsrr?aHni°dSrCOInbird‘ First» considering maximum 
, i , * (Table 3), it can be seen that the largest errors

a solute and algebraic, occurred with northeast winds Onf=raX!^ SlS: ali al8ebraic errors were on the pLs except
se associated with southwest winds which averaged 2 4

lof^he0? \7 W±nds Which aver,aged 1.6 degrees too
’ although unexpected, might be explained by

Philfdel ? northerly winds have a trajectory across the
point ^ bef°re reachin8 the airport observational

Minimum temperature forecasts (Table 4)t on an annual basis, were 
00 low for every direction except northwest winds for which the

and aSb^C ^ The ^gcst -ean abloSte
gebraic errors were for easterly winds. For all wind

<* J«M10nS fr°u n°rtheast though southeast to southwest there were 
sizable mean absolute errors. Algebraic errors for those 
directions ranged from -2.9 to -4.7 degrees.

For both maximum and minimum temperature predictions there were
alfebranV dlffereaces of greater than 10 degrees between mean 
algebraic errors for certain pairs of wind directions. During
September-October, for instance, minima averaged 2.3 degrees too 
high when winds were northerly and 9.9 degrees too low with 
southerly winds, a difference of 12.2 degrees.

andS±defa? b°th Sk? COnditlons (clear, partly cloudy, and cloudy) 
and wind direction (eight compass headings plus variable) together,
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mean algebraic errors were computed for each of 27 possible 
combinations for both maxima and minima for each bimonthly period. 
(Because of the relatively small number of occurrences in most 
categories, it was not practical to further refine the data to 
account for possible degradation with forecast period.) In 
Tables 5 through 7s the signs of mean algebraic error were 
reversed so as to produce a set of corrections that could be 
applied directly to the automated predictions. Corrections were 
computed only for those categories where eight or more cases 
could be averaged. Where less than eight cases were available 
in a two-month period, the corrections, shown in parentheses, 
were based on annual rather than bimonthly data for the particular 
sky condition - wind direction combination. Where at least eight 
cases were not available for the entire year for a particular 
combination, no correction was indicated.

TV. Operational Evaluation

The objectively-derived corrections are being applied to the 
automated temperature forecasts on a routine basis by forecasters 
at WSFO Philadelphia. Operational use requires subjective 
determination of the expected cloud cover and wind direction 
during the forecast periods of interest. The resultant forecast 
temperatures are used as a guide in the preparation of the official 
Philadelphia and vicinity forecast (FP). To evaluate the usefulness 
of the corrected automated temperatures as a forecast tool, 
these forecasts were compared with the original automated fore­
casts and with the FP forecasts for the period from July 1 through 
December 31, 1971. Only those days when the automated forecasts 
were received are included in the evaluation. The results are 
summarized in Tables 8 and 9.

The objective corrections were much more effective for minimum 
temperature forecasts than for maximum temperature forecasts. The 
average improvement over the original automated forecast (Table 8) 
was 1.0 degrees for minima and 0.1 degrees for maxima. In two 
months, October and December, the corrected maxima were, on the 
average, in greater error than the original forecasts. On the 
other hand, in August and November, the corrected maxima were 
slightly superior to the FP forecasts. In every month, the 
average minimum temperature error was lessened by application of 
the objective corrections. No attempt will be made to explain 
the difference in the effectiveness of the maxima and minima 
corrections other than to suggest that the results may have been 
a reflection of the prevailing weather regime during the period 
of evaluation or the difficulty in forecasting clouds and wind 
direction in the daytime as compared to nighttime.
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The FP was superior to the automated and the objectively- 
adjusted automated forecasts in all but the two periods mentioned 
above,, Considering all forecasts combined, the adjusted forecasts 
improved upon the unadjusted by an average of 0.6 degrees and 
the FP improved upon the adjusted forecasts by 0.6 degrees. As 
indicated in Table 93 only a third of the automated forecasts 
were worsened by the application of the corrections while two- 
thirds remained unchanged or were improved.

F„ Conclusions

Mean absolute and algebraic errors for automated temperature 
forecasts for Philadelphia, PA, have been presented as a function 
of observed cloud cover and wind direction. It would appear that 
objectively correcting the automated temperature forecasts, based 
on subjective wind and cloud forecasts and the results presented 
here,provided useful input into the preparation of temperature 
forecasts for Philadelphia and vicinity during the independent 
data period of July through December 1971. Although the FP 
forecasts remained superior to the adjusted automated forecasts, 
it must be remembered that the forecaster did have benefit of 
this guidance before making his forecast. There is no way of 
estimating the influence of the adjusted forecasts on the 
forecasts ultimately issued, but it would seem safe to suggest 
that the contribution was positive.

The value of an objective technique of this type is, of course, 
dependent on the ability of the forecaster to make predictions of 
sky cover and wind direction. The greater the ability to pre­
dict these parameters, the more effective the objective 
corrections presumably would be.

This study could undoubtedly be strengthened with the addition 
of more input data. However, the tedium of manually deriving, 
recording and evaluating the data is an obvious deterrent. If 
computer time were available for studies of this type, it might 
prove useful to add to this study and/or to develop similar 
corrections for other locations,
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Table 1

Average Temperature Forecast Error by Forecast Period
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Table 2

Average Temperature Forecast Error By Sky Condition
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Table 3
Average Maximum Temperature Forecast Error by Wind Direction
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Table 4

Average Hinimum Temperature Forecast Error By Wind Direction
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Mar-4, pr 19 1.5 -0.5 37 24.U -U.3 30 5.2 -3.7

May-Jun 10 1.6 +0.2 8 2.3 +2.3 16 3.3 —o.U

Jul-Aug 10 3.1 -3.1 16 1.9 -1.9 7 2.3 -1.1

Sep-Oct 7 2.6 +2.3 2*8 5.6 -2.6 19 7.6 -7.5

Nov-Dec 29 3.6 -1.0 31 2*.5 -U.5 22 9.7 -9.0

Annual 95 3.3 -1.2 159 U.3 -2.9 109 5.8 -U.7

Southeast South Southwest

Jan-Feb 8 2.9 -2.9 8 11.1 ■11.1 60 U.9 -1.6

Mar-Apr 18 3.9 -3.3 0 — — 30 5.1 -2.2

May-Jun

Jul-Aug

23

20

U.l

2.5

-2.0

-2.3

U9

19

2.U

3.0

-0.5

-2.7

U2
’ 73

U.6

2.8

-U.U

-2.5

Sep-Oct 18 7.6 -7.3 33 9.9 -9.9 38 5.6 -5.6

Nov-Dec 0 — ----- 15 U.9 -U.8 33 3.0 -1.5

Annual 87 U.3 -3.5 121* 5.U -u.5 276 U.2 -2.9

West Northwest Variable

Jan-Feb 57 3.7 -0.1 23 2.U *0.8 12 1.9 -1.9

Mar-Apr U8 2.9 -1.0 31 2.5 -0.6 16 2.8 -1.1

May-Jun 32 3.1 +0.3 23 1.9 +0.9 7 1.0 -0.1

Jul-Aug 3U 2.1 -0.1 19 U.6 +2*.3 19 1.6 -0.7

Sep-Oct 18 U.U -3.6 2*6 3.2 +0.9 3 1.0 +1.0

Nov-Dec 39 3.U -0.7 35 - 3.8 -0.7 25 5.2 -5.0

Annual 228 3.2 —0.6 177 3.1 +0.7 82 2.9 -2.6
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Objective Corrections to Forecasts
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Table 9

Result of Application 
of Objective Correction

Maximum
Temperature

Minimum
Temperature All Fcsts

Improvement 44% 59% 52%

Deterioration 39% 32% 35%

No Change 17% 9% 13%

Table 9 - Effect of Applying Objective Corrections to Automated Temperature 
Forecasts in the Period July Through December 1971.
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