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AN OBJECTIVE METHOD OF PREPARING 
CLOUD COVER FORECASTS· 

ABSTRACT 

Nume~iaal 6-ho~ly output f~om the six-laye~ NMC PE model 

is used to p~ediat the ave~age daytime cloudiness in the 

sp~ing fo~ Boston. MA. The va~iables ahosen as p~ediato~s 

a~e the PE model p~ediations of mean ~elative humidity for. 

the s~faae to 500 mb. laye~. and the ?00 mb. ve~tiaal 

veloaity. The aloud fo~eaasts ~e obtained using a ~eg~ession 

equation. The ~esults demonst~ate fo~eaasting skilZ. in 

aont~ast to pe~sistenae, whiah is shown to be a poo~ 

p~ediato~ • . 
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·· INTRODUCTION 

AN OBJECTIVE METHOD OF PREPARING 
CLOUD COVER FORECASTS 

Personnel turnover at weather stations creates a handicap to new fore­
casters who are unfamiliar with the factors that affect the local 
weather conditions" A solution to this problem is the availability 
of objective forecasting schemes" The objective forecast scheme 
may be based on statistical correlations between different parameters 
called predictors, and the parameter to be forecast, called the 
predictando 

This study presents an objective procedure to predict the average 
daytime cloudiness for Boston, MA,using as predictors the primitive 
equation (PE) model (Shuman, 1968) predictions of the mean relative 
humidity from the surface to about 500 mbo, the 700 mbo vertical 
velocity,and the trend of the relative humidity through the 12-hour 
period of interest" The spring·months of March, April, and May, 1970 
made up the dependent data sample" Spring, the transition season, is 
a very difficult season in which to prepare foreca~ts for the Boston area" 

Amount of cloudiness forecasting is not only of interest to the public; 
it is also of concern to meteorologists because of the influence of 
cloudiness on temperature, low level winds, turbulence, snow mel~ 
and visibility. 

PROCEDURE 

The predictor values are obtained from a message called FOUS 1, 
available at approximately 0644 GMT on Service C teletype" This message 
is a printout of different parameters from the 0000 GMT 6-layer PE 
model run, A more detailed explanation of the FOUS 1 message can be 
found in ESSA Technical Procedures Bulletin No" 49" 

A regression equation for predicting N, the mean hourly daytime 
1 (sunrise to sunset) sky cover in tenths (scale 0 to 10) was derived" 

N = 0"070 RH + 0"077 VV + Oo77 TREND, 

1
NOTE: The regression equation· derived for, and applied to, the 
dependent data had an RH eoeffieient of 0,078, In September 1970, 
the PE model was changed to in[Zate the RH by 11.1%, To make sub­
sequent PE data compatible with the derived equation, the RH value 
for model runs after September 1970 had to be multiplied by OoB, 

( 1 ) 

For ease of using the equations, the 0,9-faetor was multiplied by the 
0,078 to give the new eoeffieient for RH above, 
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where RH is the time and vertically averaged forecast relative humidity, 
value in whole percent, VV is.the time averaged forecast vertical 
velocity value as in FOUS 1, and TREND is the 12-hour forecast 
relative humidity trend, This RH value for "today" is the algebraic 
time average of the 12-hour, 18-hour and 24-hour forecasts for the 
vertically averaged humidity, The vertical velocity value for 
"today" is, similarly, the algebraic time average of the 12-hour, 18-hour, 
and 24-hour forecast values, The TREND value is derived from the 
algebraic subtraction of the 24-hour forecast value of vertically 
averaged relative humidity from the 12-hour forecast value of vertically 
averaged relative humidity,. The TREND is then defi11ed as -1 if 
the 12-hour forecast relative humidity change is equal to or 
algebraically less than -10 percent; as 0 if the 12-hour forecast 
humidity change is between -10 percent and +10 percent; and as +1 
if the 12-hour forecast humidity change is equal to or algebraically 
greater than +10 percent, 

Wasserman and Rosenblum (1972) find this relative humidity TREND 
a useful parameter for predicting the probability of precipitation 
and offer reasons for its usefulness, Adapted to the prediction of 
cloudiness, TREND should be included because: First, we are trying 
to predict the cloudiness for the 12-hour daylight. period and not 
some instantaneous time; thus we should take into account large 
changes in the moisture during this time period, Second, we want· 
to account for the approach or departure of weather systems, where 
large moisture changes are assumed to be associated with the movement 
of the system, Third, we want to take into consideration any bias 
in the PE mode~ such as consistent underprediction of the actual 
moisture in the atmosphere, Wasserman and Rosenblum (1972), however, 
suggestt.hat these three parts could act in the same direction and 
thus be cumulative, or act in opposite directions and thus cancel 
each other, 

. 
Using typical values, the relative humidity can account for up to 
7 tenths of the cloudiness, the vertical velocity can account for 
up to 2 tenths of the cloudiness, and the trend in humidity can 
add or subtract about 1 tenth of the cloudiness, 

RESULTS 

Equation (1) was applied to the dependent data used to develop the 
equation, and it was found to underpredict sky cover, especially in the 
middle ranges, by a maximum of 2 tenths, This bias could be due to 
the assumption of linearity implied in the equation, To correct for 
this bias, the value of.cloudiness predicted by the regression 
equation was applied to an empirical parabolic fit to obtain a modified 
predicted value, This empiricism is: 
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Nmodified 
lON .:. N2 

= N + .2 25 

3 

(2) 

This emp1r1c1sm, when the regression predicted cloudiness is zero, adds 
nothing; when the regr~ssion predicted cloudiness equals 10, again 
nothing.is added, When the cloudiness equals 5, the empiricism adds a 
maximum of 2 tenths cloudiness. 

Table 1 is the contingency table comparing the number of predicted 
·cases versus the number of observed cases in cloud cataqories clear 
(0-2 tenths), partly cloudy_ (3-7 tenths), and cloudy (8-10 tenths), for 
the dependent data sample using the regression equation witho~t applying 
the empiricism. 

OBSERVED 
p 
R CLEAR PARTLY CLOUDY CLOUDY 
E 
D CLEAR 10 9 4 
I 
c PARTLY CLOUDY 4 13 20 
T 
E CLOUDY 0 0 16 
D 

· ·TABLE 1, Contingenay tabl-e aorrrparing the number of prediated 
aases versus the number of observed aases in the 
al-oud aatagories atear, partl-y atoudy, and atoudy, 
for the dependent data sampl-e without using the 
errrpiriaism, 

Table 2 is a contingency table comparing the number of predicted cases 
versus the number of observed cases in the catagories, defined above, 
for the dependent data sample and applying the empiricism, Notice, 
when using the empiricism (Table 2), the diagonal dominance and the 
improvement over the predictions obtained without applying the 
empiricism (Table 1). Diagonal dominance indicates that,more times 
than not>the predicted and observed catagories of cloudiness are 
the same, 

---·· ·-~~~~--~~~~ 



~--

I 
1/ ' ' . 

/) 



() 
4 

OBSERVED 
p 
R CLEAR PARTLY CLOUDY CLOUDY 
E 
D CLEAR 14 4 2 
I 
c PARTLY CLOUDY B 13 B 
T 
E CLOUDY 1 5 30 
D 

'TABLE 2, Contingency table comparing the number of predicted 
oases versus the number of observed oases in the 
aloud aatagories alear, partly aloudy, and oloudy,for 
the dependent data sample and applying the 
empiricism, 

It was found that the average observed cloudiness was 6 tenths for the 
dependent data cases, The average of the predicted value with the 
empiricism was also 6 tenths, ·(The. average predicted value using 
just the regression equation was 4 tenths) .• With the empiricism included, 
the correlation coefficient between the predicted and actual values 
is 0,7, which indicates that49 per cent of the variance in cloud 
cover amount is explairted, The root.mean square error, in tenths of 
cloud cover, without the empiricism is 2,9, and with the empiricism 
is 2,3, 

Persistence by itself is a poor cloud cover predictor, The 
correlation coefficient on the dependent data sample between 
"yesterday's'' cloud cover and "today's" observed cloud cover was 
only 0,22, Persistence thus accounts for only 4 or 5 percent of the 
variance in cloud cover amount from one day to.the next, 

The equation with the empiricism included was applied to an independent 
data sample for March,April,and May of 1971 and 1972. The contingency 
table comparing the predi'cted versus observed sky cover·categories 
is presented in Table 3, This table shows no gross over- or under­
prediction as evidenced by the fact that there are zeros in the upper 
right and lower left corners. The table is predominantly diagonally 
dominant, Nine of the 33 cases where the equations predicted partly 
cloudy and the observed condition was cloudy were actually a matter 
of the equations predicting 7 tenths cloud cover and the observed 
was 8 tenths, The observed sky cover averaged 7 tenths .while the 
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predicted value using the empiricism averaged only 6 tenths cloud 
cover. The correlat.ion coefficient between the predicted and ob­
served cloud cover was .77 and the root mean square error was 
2.2 tenths. · 

OBSERVED 

p 
R CLEAR PARTLY CLOUDY CLOUDY 
E 
D CLEAR 18 10 0 
I 
c PARTLY CLOUDY 8 32 33 
T 
E CLOUDY 0 5 56 
D 

TABLE 3, ·contingency tabZe comparing the number of predicted 
cases versus the number of obsenved cases in the 
aloud aatagories clear, partly cloudy, andial,ou,4y 
for the independent data sample and applying 't.he 
empiricism. ··' 

CONCLUSION 

"If you don't like New England weather, wait a minute" is a truism, 
and is verified well by the correlation between yesterday's mean 
cloud cover and today's. A good relationship has been shown between 
the observed daytime mean cloud cover in the spring for Boston, MA, 
and the PE model predictions of the mean surface to 500 mb, relative 
humidity, 700 mb. vertical velocity, and the predicted relative 
humidity trend through a 12-hour period. This relationship can 
be used as an aid by forecasters until some future time when new changes 
in the PE model may necessitate ·a recomputation of the regression 
coefficients. -
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