
c 

Approved for Release: 2017 /04/04 C05101323 

TBn (=r:o�FT 

COR-6908-68 
Copy __i_ oi _L 
Z December 1968 

MEMORANDUM FOR: Chie!, Design and Analysis Division, OSP 

SUBJECT -.... -... -.: --Probabalistic C loud Cover Statements in the 
CTP Cliimi.tolo�n· File 

REFERENCE : Memo to C/D&AD, 29 November 1968, 
·
subject: 

Comparison o! Cloud Cover Data witll. 
Reconnals sance Data from AMS and ACIC 

i.: Through the eft'orts o! GW'C and ETAC pcrsoru'lel, 
we will shortly .have a ninc - }·car, 1200 local, cloud cl imatology 
for 5383 grid points in the Sino-Soviet Bloc. At each grid point 
this is expressed i?l terms of frequency 0£ occurrence of each 0£ 
the nine c loud amounts in eighths as a function of time of year. 
These f�equency values (£11 i = 1, 2, • • •  , 9) must tQen be converted 
to a single ntimber which gives the probability of occurrence of a 
photograph which will be 90 to 100 percen t cloud ":' frce. Specifically, 
AWS has been asked to provide the probability that a WAC..;cell 
will be 90 to 100 percent cloud free. 

2. The rule whlc_h will make the conversion fro1n nine cloud 
amount frequencies to a single probability 0£ success paramete r  
is not t�ivie1.l and will be selected from several alternatives. This 
note describes the basic alternatives and recorntncnds one of 
them; however, guidance fro1n the customer is requested as al). aid 
to make the fi.nal selection. 

3. Each cloud cove r categor r (c lear through 8/8) yields a, 
probability of success (Pi) where Pi = percent probability of 
90 to 100 percent cloud free for the ith cloud category and 
i ::: 1, 2, • • •  9. The Pi's may be obtained from curves derived by 
Maj. Kennedy's comparison of ACIC evaluations with surface-based 
cloud observation. These relationships were described in my recent 
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SUBJECT: Probaballstic Cloud Cover Statements in the CTP 
Climatology File 

me1no (Reference). They are the best data available !or this purptisc, 
and, except for the secu:rlty aspects, Maj. Kennedy's study would 
be a major contribution to the art and science of satellite meteorology. 

· 4. The term we are interested ln is P , wl:iere P is 
developed from a matrix :multiplication of the form: g 

;! X [Pp P2, • • •  , P9J =Pg (1) 

0 

The various alternatives for the find selection of Pg arc to be 
found in the way Pi is defined,. 

a. Alternative. L(Al). 

Here �e decide to include the contribution from a-----
discrete cloud category composed of. the partial sum o! the 
first n c:louc� �mount freq.µencics. At present, the 
climatoiogy .file now in· CTP is specified this way where 
n = 3 and the partial sut:n is called Category I. Mathematically 
from (1) we have: 

x f oo., loo., lOO., o, o, • • •  oJ = 

(Z) 
• 

Note that Maj. Kennedy's curves arc� employed in this 
alternative. Call this variation P gl. \The assumption 
implicit here ls that lnclu�ion of a few clouds will permit 
success!ul photography regardless of tin1.e of year. However, 
this is dangerous in that there is a distinct seasonal 
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SUBJECT: Probabalistic Cloud Cover Statements in the CTP 

Climatolc>gy File 

variation in cloud type. Winter doucls arc stratified and 
have a high cirrus content, whUc su.tn.mcr clouds arc 

basically cumuliform. As pointed out in the referenced 

memo, 2/8 cumulus can be as ciama.ging as 5/8 winter 

stratiform. Figure l .is d.rawn from Maj. Kenne dy 's monthly 
curves to illustrate this point� Choose a value of probability 
of 90 to 100 percent cloud free from the ordinate o! 
Figure 1 and scan horizontally £o1· the corresponding 
cloud amount. For instance, SO percent probability 
requires 4 to 5 eighths in .Feb;i:'uary compared to less 
than 1/8 in July. Thus it seems that a better �peci£ication 
than simply Category 1 c�oudincss is required . 

b. Alternative 2 (A2). 

:E:Jere we apply all values of Pi from the ACIC/GWC 
study. � single curve !or each month is applied to the r11s 
at each grid point. For example, the August computation 
for some grid point would look like: 

�� x [a9., s9., 41., 3o., 22 • •  16., 11., 1., sJ. pg 

(3) 

... 

Call this variation P g2" This seems like a reasonCJ.ble choice 

since it accounts for the best chance of success from each 
available cloud amount freqtiency. However, it irn.plies that 

a photograph would be taken at each future access regardless 

of the cloud forecast obtai.l1�d at the time of CJ..cce$S. That is, 
Pg2 depends partly on contributions ·from cloud conditions 
that wou!<:l 11ormally be avoided as�uming that the operational 
forecast was !or poor weather and

.
was believeci. To correct 

this, we consider a third alternative. 
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SUBJECT: Probabalistic Cloud Cover Statem ents in the CTP 
Climatology File 

c. Alternative 3 (A3). 

Here we use the l:(ei.J,ncdy curves. for Pi and assLtme 
a cut"."off threshold for the probability of success. That is, 
assume that a future operation would norn1ally :t:iot be 
selected by CTP if the short-range probability forecast 
for that access were below some given percent. As 
an example, assume that no take will be attempted with a 
forecast below 40 percent probability of success. Then 
the August Pg would be derived from the expression: 

�� [ 89. , 59. , 41. • o. , o. , o. , o. , o. • oJ = pg 

(4) 

f 9 

In contrast, the February Pg would come from: 

f l [94. I 82. I 72. I 63. I 56. I 46. I Oo I 00 I o.]· : Pg 
. fz 

(5) 

Call these cases examples of P gJ• 

5. Maj. Kennedy and I feel that P 3. is the best representation 
of Pg since it takes into account the assurfted operational response to 
forecast probabilltie�. However, one must decide upon the threshold 
figure to apply. It is easy to program the conversion regardless of 
the alternative selec"ted, and, in fact, a time varying threshold could 
also be applied. A reasonable threshold value probably lies in the 
neighborhood of 40 percent.. I wish to specify this problem for two 
reasons. 
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SUBJECT: Probabalistic Cloud Gover Statements in the CTP 
Climatology J,i'ilc 

a. Either the Agci1cy or the SOC may \Vish t.o 
spec ify the threshold value (or rujcct the entire alternative). 
I will que1·y the SOC for their opinion. 

· b. Certainly, this is partly a subjective matt er 
and may not be subject to straight-forward analysis, 
especially since we need to create the !ile in ihe near 

future. Hence, if A3 is chosel.l, we may decide to employ 
an arbitrary tb .. reshold value, say 40 percent. In this case, 
the d ecision will be documented and this memo serves to 
clarify the point. 

.. 
6. Attachment 1 sho\v1;1 some exan1ples o! these conversions 

using actual data from two stations having extreme cloud conditions. 

Attachment: a Is 

SIGNED 
f 

COR-6908-68 
Page Five 

Approved for Release: 2017 /04/04 C05101323 

(b )( 1) 
(b)(3) 



-�:· � � .:_ 
··.� ........ . ,. ' . 

i. ·'.·. 
� ·�: 

:- •, 

-�: . . . . 
l. ·!� 

'< 

� ·.-• 

a 10 1u .fo 2s a to ts ao au 
l'EBAUARY MARCH 

Approved for Release: 2017/04/04 C05101323 

Approved for Release: 2017/04/04 C05101323 

'� l . 

l 
_, 

.,i 
•; .· · 

__ ._._,. \--·--� 



. 

...) 

Distribution: 
Cy 1 & 2 - Add 

3 - C/MAB /D&AD 
4 - C /U.AS/MAB 
s 1 I 

· 6 - MAB Chrono 
7 - RB/OSP 

ORlG:D&AD /OSP: 

CDRDMA 
TBP.SESilET 

· .  . . 

·· · . 

, · 

. . .. 

(b )( 1) 
(b)(3) 

3 Decemper 1968 (b )( 1) 
(b)(3) 
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Attachment to: 
COR-6 908•68 

SELECTION OF ALTER.NATIVE TO SPECIFY THE 
CTP CU_MATOLOGY FILE 

1. In the .hasic m.em.orandutt).1 i have proposed three 
alternatives for converting the nine frequencies of occurrence 
of cloud amount into a single probability of success figure to 
be used Ln CTP. 

z. Below are extreme example$ of the types of reswts 
obtained from the three alternatives for two points in the 5383 
polnt grld. The two points are located as follows: 

a. Point A: Northern Thailand; �7�48127''N• lOQ037�47"E� ·-

-
--b.-

'�01nt ��-:�c,����i�li��;}r�i��iJ��i����i! 
. . 

. .. . :c.=::-::···.":'.;�·: .. - :._ .. ·._· .. • .. --.,..�--���-::��;;;.� 
3. T�ble 1 gtves �e January and July i��q�encies of

-�cc�;����·-» 
.. ·· . 

of cloud cover l:>y eig hths of cloud cover Cf;,, i = 1, 2, • • •  , 9) for 
A and B. 

0 
1 
2 
3 
4 
5 
6 
7 
8 

.JAN 
• 02 
. 18 
.14 
. 12 
• 10 
• 12 
• 10 
• 16 
• 06 

A 
JUL 
• 00 
• 00 
• 00 
• 02 
• 02 
• 04 
.14 
• 58 
• 20 

JAN 
• 08 
.02 
• 02 
• 02 
.04 
• 04 
• 02 
• 06 
• 7() 

JUL 
• l� 
.10 
. 14 
. 10 
. os 
• lZ 
• 08· 
•. 18 
.08 

T�l>lc 1. Frequencies of Occurrence (!�) of Eighths C?f Cloud for A and B. 
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4. Table Z shows the January and Ju].y conve rsion data 
from Maj. Kennedy's curves. Recall that these are values which 
convert a given cloud a.mount to the .probability of achieving 90 to 
100 percent cloud-free photography. Call these P., i = 1, Z, • •• , 9. . 1 

Eighths 0 1 z 3 4 5 6 7 8 

Jan 95 8Z 71 60 sz 43 36 29 20 

Jul 80 43 25 16 10 4 2 1 q 
:=-.:� .. -· 

- - _,;;:�:?'"'':"'"":'"·�..:.. • ..-...:. . :·:. :Jt'.tf-:-�-7.·� ��::::.;.r-&� ..ii . . . • .. 

Table z. 

5. The final probability figure called P is derived from 
the :matrix multiplication 

g 
· · 

£1 X [P1, P2, ,, • , P9]. = Pg (1) 
f z 
• 

• 

• 

f 9 

6. The aiternatives to be examined are th:ree: 

a. Al: Total contrl.bution from the first three �i's 
without recourse to Kennedy data. 

Pg = (!1 + f? + £3) X lOO. 

b. AZ: Use o! Kennedy data in eqn (1) to weight 
each £1• 

below, 

"'· 

c. A3: Use of a ·cut-off threshold in P1• In the examples 
the cut-off ��1 fl';'\�

.
f/\t Pi = 40 percent. 

t�t.k .. j':':..i. • 
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7. Results for each point and month are shown in Table 3 
for each alternative. 

Alt. 

Al 

AZ 

A3 

A B 

JAN JUL JAN JUL 

34. 0 o.o 12. 0 36.0 

53. 6 2.7 32. l 21.3 

44. 2 o. 0 15. 7 13. 9 

- ·  .... 
···.:....-

Table 3. . . ·. 

. .. ··-�-.�.. .. - . . ·�.,,. . :�. . . 

._ �- . . �-· .. . . . �·;: �.· .. �'· 
-��,:-:�i! 

Results of P Computation (Perc��t)' for Two· Exf:l'elr,>.e Pobitfi=:- � 
1n the Sino-�viet Bloc As· a" F�ctio�o(Season'antfCompiitatio� 
Alternative. · ·

.
. · · - .. - .... · - · · -� 

8. This brief comparison ls not intended to be conclusive. 
It merely illustrates the alternative effects of combining the clo�d 
amount frequencies with the seasonal variation· of cloud type and 
their related probabilities of successful photography. In both 
January cases, A2 ls the most optimistic; while, i,n July Al Ls 
niost optimistic at point B only. July at point A ls virtually doomed 
by each alternative. Because seasonal cloud frequencies a.re highly 
variable across the bloc, one should not a?lticipate a 'simple relation;.. 
ship among alternatives. A more thoroi.igh investigatlon of this 
problem is continuing. We anticipate that the final file, using 
the nine-year data base, will be ready for CTP by the end of December. 

• ·r I 
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