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FORECASTING TZIE TIME OF FORMATIDN OF STRATUS CLOUD 
eBIL3TJG AT OAKLAND, CALIFORNIA AIRPORT. 

bY 
Edvard M. Vernon 
November 1944 

The purpose of th i s  paper is  t o  ou t l ine  t h e  development and use 
of a method fo r  forecast ing t h e  time of formetion of summer 
s t r a t u s  clouds with c e i l i n g  o f  2000 f e e t  or  less a t  Cktklnnd A i r -  
port (Cal i fornia)  between the  hours of 4:30 P.M. and 6:30 A.M. 
In the  development of t h i s  method s p e c i a l  consideration has been 
given t o  t he  need f o r  a procedure vhich can be used by fore- 
c a s t e r s  who are new t o  tho  a re8  under consideration and can benefi t  
by a ttformula" f o r  forecastin@ t h e  summer s t rR tus ,  thoreby elim- 
ina t ing  t h e  personal equation u n t i l  such timo a s  the i r  experience 
i n  t h i s  area m i l l  j u s t i f y  t h e  introduction of' var ia t ions  bassd on 
personal observations and studies.  

Recognizing tha t  evcry forecas t  is i n  a aense bn expression of 
probabi l i ty ,  an attempt has been made not only t o  provide a 
means of a r r iv ing  a t  t h e  most l o g i c e l  forecaet,  bu t  a l s o  of say- 
ing t o  what extent the forecas t  may be depended upon. 

DEEIVATION OF THE METHOD 

S t r a t u s  clouds of s u f f i c i e n t  extent t o  consti tut ,e a. "cei l ing" 
occur at Oakland Airport  approximately 63 out of one hundred 
summer nights.  The s t r a t u s  may be regarded as en extonsion of 
t h e  e w e r  s e a  fog of t h e  Cal i fornia  coast  ( I ) .  Althoueh sea 
fog usual ly  forms at the  ocean surfec3, it becomes elevnted over 
Sari Francisco Bay and addacent area8 tecaus3 t h e  condensotion 
l e v e l  is r a i s e d  &B t h e  a i r  is wmned v h i l e  peseing over t h e  
s a  Franoisco Pcninaule end t h e  Wrarmer surface watsr of tho Bay. 

It is  a t  once apparent th8.t 8 sea breeze is a prerequis i te  con- 
d i t i o n  f o r  formation of t h e  cloud. 
pressme d i e t r i b u t i o n  must be such &e t o  cause en onshore com- 
ponent of wind s t rong enough t o  counteract the tendency for  a 
lead breeze during tho night,  aince othervise  the  cl.oud -rould 
not occur during t h e  night. Thus, we ahould expect t h a t  t h e  
time of formation of t h e  cloud * . v i 1 1  bo, i n  some d e e m ,  01 func- 

It is  a l s o  a p y r e n t  t h a t  the 
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t i on  of the  Southeast-northweat pressure gradient, eince such a 
gradient would produce the required onshore component of win8, 
Hence : 

I, 1, 

which etatea t h a t  t, the time the s t r a tus  ceiling w i l l  form, I s  
a function of the pressure gradient, rneaeured In t h i s  case from 
southeast t o  northwest. 

It is well knom t h a t  the cloud under aoneideration form vhen 
the oondeneation level is lower than the  temperature invareion. (2), (3) .  
The condensation leve l  rises and f a l l s  In phase v l t h  tho diurnal  
temperature curve provided the specif ic  humidity remaim constant, 
a condition approximately f u l f i l l e d  i n  moat cams. For th is  pur- 
poae the  height of' t he  condensation l eve l  i n  f e e t  may be computed 
&B a constant (220) tfmea the  depreeeion of the de-point. 
exsmple, i f  t he  depression of the d b - p o i n t  mm 10°F,' t he  condep- 
eation leve l  would be 2200 feet. If the baas of the  temperature 
inversion were a t  1600 fea t ,  the  temperature vould have t o  fall 
3" F i n  order t o  reduce, t h o  condeneation l e v e l  t o  le86 than 1600 
f e e t  and permit the  cloud t o  farm. It foltowe, t h a t  the time of 
formation of the  aloud 1s a function of the dcpreeelon of t he  
dew-point, a Ts. Hence: 

For 

2. 

from the  preceding, it Is clear that the tlme at  which the  cloud 
f o r m  w i l l  a l so  be a funation of t he  height of the inversion. 
ever, the  reoords a,vailable f o r  t h i s  study d i d  not includs data on 
the height of t he  inversion in s l a t e  afternoon. For this  reason it 
was declded to try another element, which would be related t o  the 
ve r t i ca l  temperature gradient and perhaps i n  Borne degree t o  the 
height of' the  inversion. 
and M t .  Bamilton (Elav. 4212 feet  P wa8 selected en8 the assumed 
relat ionship between it and the time of cloud formation was 
expesmd by: 

Bow- 

The tem erature  difference between Oakland 

3.  

Combining egbtionrr l., 2 . ,  and 3 . ;  

4. - 
m e t t e r s e e n ,  S. On' the'  Causee and the?orecaetlng of t%e California 

(3) Vernon, E.M., The Diurrlal V&rlatlon i n  Ceiling Height Beneath 
I FOB, . . ~ )u l l ,  Pm. Met. SOC.8 Vole 19, NO. 2, 11938. 

Stra tus  Clouds. Monthly Weather Review, Vol. 64, No 1, 1936. 
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Using records compiled during t h e  years 1934 through 1940, s c a t t e r  
diagrams were constructed t o  tes t  f o r  t h e  na ture  of the  r e l a t i o n s h i p  
between t h e  time of c e i l i n g  formation and each of the independent 
var iables  i n  equation 4. 
purposes t h e  re la t ionehip  could be re@mled as l inear ,  sugfjeeting t h e  
f 8 lloming r egr os s ion equation : 

I n  each caee it was found that for  p r a c t i c a l  

in which the kts a r e  the  regression constants.  
measured i n  hours after 12:30 p.m., P.S.T. . 

The time t is 

The noxt prob,lem was t o  obtain values f o r  t h e  k ' s  80 t ha t  equation 
5 could be used a8 a formula. Time was not ava i lab le  f o r  deter-  
mining the values f o r  each monthcf the summer sea fog season, 80 
it was planned t o  determine them f o r  April, July, and September 
m d  then i n t e r p o l a t e  fo r  intermediate months. However,,upon con- 
sidering the  v a l i d i t y  of such a procedure, a t t e n t i o n  was brought 
t o  the unusual nature  of t h e  seasonal march of tempemtures i n  t h e  
San Francisco Bay Region. 

Instead of following the usual. farm, which would mean a r i se  from 
A p r i l  t o  Suly  followed by a fall through t h e  l a t e r  e w e r  and 
autumn months, t h e  San Francisco temperature c u m e  r i s e s  from A p r i l  
u n t i l  the last decade of June and then f a l l s  s l i g h t l y  u n t i l  t h e  last  
dectideaf July, after which it rises u n t i l  the  end of September. 
Freeno, California,  which is located i n  a v a l l e y  far removed from 
the sea breeze, ha8 a mean temperature curve of t h e  type which we 
should expect of San Francieco were It not  for t h e  e f f e c t  of t h e  
sea breeze on t h e  latter. The two curves a r e  compared i n  the Figure. 
The differences between them are related t o  t h e  s t rength  of t h e  sea 
breeze and therefore  t o  t h e  s t r a t u s  cloud. From this  it i s  reaeoned 
tha t  t h e r e  is ,some j u s t i f i c a t i o n  f o r  in ta rpola t ing  between k's de-. 
r i v e d  f o r  t h e  whole month of April,  the  las t  decade of June, 
t h e  last decade of July, and the whole month of September t o  f i n d  
values f o r  the intervening periods. 

This course wae decided upon and by means of mult iple  oor re la t ion  
t h e  k'a were determined from seven yeass of record, using only cases 
i n  which s t r a t u s  cloud formed. The kPs are given i n  Table 1, t h e  ' 
uae of which w i l l  be explained l a t e r .  

Coeff ic ients  of mult iple  cor re la t ion  vere computed f o r  April, June 
(Last decade), and J u l y  ( l a s t  decacle)(4) and found t o  be .85,.90, 
and .87 respect ively.  The standard e r r o r  of estimate of the time 
of s t r a t u s  formation f o r  the sane months wtla derived ae 1.6, 2.8, 
and 2 . 1  hours. 
from t h e  standard or rors  t o  show uhat degree of confidence could be 
placed i n  forecas ts  based on t h e  regression equation. 
t h i e  t a b l e  w i l l  become apparent i n ' a n  example t o  be Given. 

14) This study d id  not  extend beyond t h e  month o? July due t o  t h e  f a c t  
t h a t  d e t a i l e d  d&ta f o r  August md September had been lowed out 
f o r  another research pro 1 e c t  

Assuming normal d i s t r i b u t i o n ,  Table 2 w a e  prepared 

The use of 

_e_ 
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Values f o r  'subatitution i n  equation 5 m e  detmmined from, 4 3 0  pin. I 
POSVTD data as follows: 

Bwometric p r e e ~ u r e  at  Eureka i n  mb, 
Prg = Barometric pressure a t  Redaing in mb. 
Poa = Barometric preseure at Oekland In mb. 
Toa = Temperature at  Oakland i n  OF. 
Tmh =I Temperature at M t ,  Hamilton i n  O F ,  

ATe = Depreesion' o f  daw point a t  Oakland a.t 4:JO pm., P. S. T. 

Subetltutlon of these values i n  equation 5 yielde t, an estimate of 
the time in hours after 12:30 p.n., P.S.T., e t  vhich s t ra tua  cloudi- 
n0a8 may 'bc expected to form a ceLlin8 at Oakland. Airport. If t i e ,  
b b r  than 6:30 a.m., of the 'following day, strotus cloudinoss should 
not be expected t o  wour In su f f i c i en t  afnount t o  form 8. cei l ing.  
Rence, when t l e  greater  than 18.5, the prognos+e is t ha t  t h e  e t ra tus  
ce i l ing  mill no t  form, - 

ExANpIJ3 OF THE USE OF TKE: FORECASTING EQUATION 

Given that 

P, Basornetpic preseure at Eureka r* 1016.2 mb. 
Pra Barometric pressure at Reddlng = 101L3 mb, 

Toa Temperature at Oakland E 71' F. 
I' Temperature a t  Mt, HaPlllton at 67" F. 

15' F. 

Port Barometric pressure Izt Oakland e 1014.3 lUlb, 

b$ Depreaelon of dew-polnt a t  Oakland P 

then from the above, 

4 P  is computed t o  be 0.5 
AX 
- 

while from Table 1 we obtain the  values o f . t h e  appropriate regreeslon 
constents a4 follows, aeeuming that the  hate under consideration i 8  
July 20th't 

kl -9.17 

k3 le50 
k4 * ,-.E 

% #E le00 
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Subs t i tu t ing  i n  equation 5 gives t = 13.4 hours. Hence, t h e  s t r a t u s  
cloudiness may be expected t o  form in s u f f i c i e n t  amount t o  c o n s t i t u t e  
a c o i l i n g  about 13,4 hours after U:30 D.m., o r  a t  1:55 a.m, 

The question now arises' a6 t o  what accuraoy may be expected of t h i s  
forecaet .  For example, w e  may wish t o  know what t h e  odds axe against  
a c e l l l n g  formlng by 11:OO p m . ,  P.S.T. 
2.9 hours of t h e  t i m e  forecae t  by the formula, it w i l l  not  form u n t i l  
after 11:OO p.m. 
assumed tha t  the  date w a s  J u l y  20th. 
t ha t  t h e  c e i l i n g  may be expected t o  form within 2.9 hours of t h e  time 
f o r e c a s t  by the equation about 84 times out of 100 cases. 
theodds t o  about 11 t o  1 that t h e  c e i l i n g  w i l l  not  form by 11:OO p.m., 
s i n c e  In  approximately half of t h e  misses it would form later r a t h e r  
than e a r l i e r  than t h e  forecas t  time. 

If the  ceiling forma within 

I n  t h e  hypothet ical  exampJJe J u s t  computed, we -. 
By r e f e r r i n g  t o  Table 2 we 8ee 

This reduces 

TZST OF !lXE FORhlULA DURING 1942. 

The formula w a ~  tested clurina June and July, 194% and the r e s u l t s  are 
given i n  condensed form i n  Table  3 which may be summarized as f o l l o v s :  
I n  June the formula was cor rec t  26 times out of 30 i n  indicat ing 
whether or not a s t r a t u s  c e i l i n g  would form. 
30 times out of 31. In  the two manths there were 5 case8 i n  which a . 
s t r a t u s  c e i l i n g  was forecas t  and not  observed. However, i n  3 of those 
cases t h e  forecas t  time was 5:30 a.m. or l a t e r  and the  f o r e c a s t  
could be aonsidared cor rec t  t o  t h e  extent tha t  it indicated v i r t u a l l y  
the e n t i r e  n ight  would be f r e e  of stratus ce i l ing .  

In  Ju ly  the score  was 

S t r a t u s  c e i l i n g  formed on 43 nights,  on 20 of which the  formula fore-  
c a s t  time w a s  c o r r e c t  within + lhbur .  On 25 n ights  it wa8 cor rec t  
within + 2 hours, which is ve?y c l o s e  t o  t h e  expectancy of 24 nights  
derived-from Table 2; while on 10 n ights  t h e  formula forecas t  time 
was i n  e r r o r  by more than 4 houra a8 comp8red with an expectancy 
derived from Table 2 tha t  t h i s  would occur on but  4 nights.  

CONCLUSIONS 

While the r e s u l t s  of this study a r e  not  as pJood as had been hoped f o r ,  
it is believed tha t  t he  formula w i l l  be of some value t o  forecas te rs  
new t o  t h e  San Francisco Bay Area provided it is applied only t o  
conditions a t  t h e  Oakland Airport. It is probable t h a t  It  would 
work f a i r l y  w e l l  f o r  Alameda (Naval A i r  S t a t i o n )  provided t h e  de- 
pression of the dew point. at  t h a t  place is used i n  making t h e  com- 
putations.  It might a l s o  work f o r  Hayward under s imi la r  conditions.  
After s u f f i c i e n t  axperience with l o c a l  conditions the  f o r e c a s t e r  can 
modify the formula forecas t  on t h e  basis of s e v c a l  he lpfu l  c r i t e r i a .  
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For example : 

1. If the formula time, t, lndloates tha t  a ce i l ing  w i l l  form, 
correct t by &ding 3 hour8 If the  Tonoptth, Nevada preseurta I s  
less than 1 mb. lower tbatz oa%ladd; ad% 4 hours If the  Tonopah 
presaure I s  more than 1 mb. higher than.Oaklmdp (4:30 p*f i . ,  
P.S.T. data) ,  

2. When the Tonopah 4:30 p i n . ,  prss'eure I s  higher than the 
Oakland pressure, tho  ceiling, 25' it forms rzt all,  w i l l  prob- 
ably be l e s s  than 500 fee t .  

3. When the Point Argue1.f.o pressure I s  em much 
than Oakland, a s t r a t u s  ce i l ing  is not Likely t o  form a t  Oakland, 
regardless 09 what other data  mag Indicate. 

41 When the  Eureka, Cal i fornia  preaaure is 1 C r . w  than t h e  Oakland 
preesure, the stratu.8 is l ike ly  t o  be  bsokon through most of the 
night ra ther  than t o  form a so l id  layer over the  gay Region. 

1.5 mb. lower 

5. Xf the  afternoon wind at Oakland reaches aive$ocity of 25 m.p.h. 
t he  s t r a tue  deck is l ikoly Lo remain broken or scattered a. large 
par t  of the night. 

6. Frequently the  Sflobare n e w  the  c o m t  xi11 form t~ lobp by 
bending toward the  e m  and than back t o  the coast. 
loop 
form! there. This rule hold8 for most of the  California coast;  
Btratus ae i l i ng  i s  not l i k e l y  t o  form north of the  loop but i8 
q u i t e  l ike ly  t o  form t o  the  eouth of 1% 
80 an eddy which, once formed, vi11 usually move s lovly north- 
ward causing the area covered by t h e  s t r a t u s  conditions to extend 
f a r the r  north .on successive nights. 

It i s  believed t h a t  t h i s  approach t o  the solution of local forecs.sting 
problem holds more promise thasl the degree of' accuracy at ta ined i n  
t h i 8  par t laular  study Indicatea. 
study of the data, Chat better results could have been obtained hRd . 
it been poseible t o  1if3e a c t u a l  data on t he  height of the  Inversion 
ra ther  than the  value A T T / d &  Also, the  presaure gradient function 
used does not define the pressure gradient -4th su f f i c i en t  acauracy+ 
In Putore etudies of t h i s  nature it ie suggested tha t  two varilzblee 
be ueed t o  define the pressure gradient,*one f o r  the direct ion and 
t he  other f43+ the magnitude, and t h a t  these be determined by vector 
akdltlon of t he  gradient8 between the p'lroject s t a t i o n  and three or 
mom other points. 

If t he  
Le eouth of Oakland, stratuer ce i l ing  18 not l ike ly  t o  

The loop may be regarded 

It is epparent, from f i r s t  hand 



TABLE 1. 

Regresaion constants f o r  use in forecast ing by equation 5 . 

Apri l  15 
20 
25 
30 
5 
10 
15 

WY 

20 
25 
30 

June 5 
LO 
15 
20 

1.54 
1.98 
2.43 
2.87 
3.32 
3.76 
4.20 
4.65 
SeJ.0 
5-54 
6.07 
6.58 
6.97 
7.43. 

16 .68 

58 .63 
.80 61 
1.01 .59 
1.22 L 57 
1.44 54 
1.65 .52 
L86 I 50 
2.08 48 
2.33 .45 
2.54 ? 43 
2.76 .40 

3.18 + 36 
2.75 t 59 
2.31 , e 8 1  
1.87 1.04 
1.43 1.27 
1.00 1.50 

.82 1.59 

.37 66 

2.97 .3a 
25 
30 

J u l y  5 
10 
15 

22 
20 

09 
09 

* 09 
LO 

e 10 
* 10 
11 
11 

8 11 
.11 
0 12 
12 
12 

e l 3  

a 1 3  
08 
.03 

- *02  
07 - .12 

- 4  14 

7.86 
4.45 
1.05 

-2.36 
-5.76 

r10.53 
-9,17 

66 77 85 90 93 97 
June 15 56 66 76 83 87 95 
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+ -2-112 t o  3 hours 

TABLJ3 3 .  

Compa,rison of Forecast  and Observed Conditions i n  June m d  July, 194%. 
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