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Given sufficient illumination, the number of aatellite‘dnys
required to obtain 95% pﬁotographic cover of any given ;rea is a
fqnction of: ‘ |

1) The number of satellite passes made over an area during
‘n given period of time (itself a function of orbital 1§clinationJ-and
2) The éloudiness on successive bnsles over‘:he srea,
These factors are related in this fashto;: 1f we let n = the

number of successive cloud cover observation values, c1, Cz, C3 ...cn,

(coinciding with successive Satellite passage times) that yfeld a product
value of 0.05, and if N = the number of paéses per day oéer the area .
(a function of latitude for a given orbital inclination), then the number

|

of satellite days so required to get 95% cover {is:
s

SDa & "ot st = - (D

(1) assumes that the areal placement of cioud cover is an independent
varisble -- that is, cloud éover is distributed in rendom iadhion over any
givén area, so thgt probability theory can be applied to deternine the :
numbef of "looks' -needed to provide a given % photocover. The ibovo

. b

"assumption e éood in the jgneral case, but in specific areas and for

certain seasons of the year, the assumption is invalid,!owing to
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topographical and orographical influences, Examp les of this situation
can be found in ehe pereie:ent areally placed cloud cover on the windward
sides 5: iouncein ranges, inipm lend-weter interfecee. ete,

For planning purposes, a rough eettnete of the g!g;ggg mumber of
satellite days required to provide 95% cover for s given eree must
incorporate the historically observed cloud-cover dete for that area,
For most of Europe and Aeie, & 5-year period of data 1s £u eufficient
to draw reeeoneble estimates, |

As of this date, little work along this line hee been done. RoueVer,
etudiee utilizing mean monthly cloud cover data do allow some estimates
to be made. The use of mean monthly cloud data in equetion (1) assunes
that the individuel daily and hourly ¢loud cover veluee making up the -
mean value are the same. This assumption yields estimates which are
not readily emeneble to error analysis, To 11lustrate this point, a
mean value of 0,50 may well arise from two tndividuel -t-i obeervetiont
of clear (0,00) and overcast (1.00), Probability theory tells us that
4.3 passes would be neceeeery to get 95% photo cover, yet/c:: be seen
| that either 1 or 2 passes will actually give 100% cover.

In view of the lack of more meaningfulix data at this time, and
wttl:deficiency in mind, mean cloud cover veluee must be eubetituted in

equation (1), -as follows:

Mean monthly . '
% cloud cover (C) 10 20. 30 40 S0 60 70 80 85
' Mean # of passes/ 1.3 1.4 2,5 3,3 4.3 5,9 8.4 13.4 18.4

area to give
- 95% cover
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The following table is a derivative of mean monthly cloud data and -
frequency of'sntellite.pnaues for specific targetvareas. from two orbital
inclinations, two mid-season months and for varying photo widths (where the
case for computing ffequency of passes {s based on a 300-mile width). Por
the most pare it {s based.on 5 years of recent meteorological observations
‘and demxz lpxx-nxpxtﬁtlxlx/iggsfhcofporate degradation effects owing to darkngsa;
The reason for this stems froﬁ arbitrary launch times of day and date of month,
If we weee to optimize,launchings in January, then all January values in the

table should be multiplied by a factor of 2. Optimum lsunch dates in July

will require no factoring of the tabular values,
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License is taken in 1nc1ud1ng values for 31-day months, The need for

. _coversage  wrhey
multiple satellites j‘ indicated by these values if needed/xnexa;l is to be hadﬂ

\

Too, the short period of available tllumination in northern areas, coupled

with the number md of days required to obtain cover indicates that sufficient
' information cannot be obtained in many atees over a relatively short period:

of time, | |

The tabular data should be used in a comparative sense only. They cannot

v be Jiewed as being either optinvistic or pessimistic, 1In terms of cloud date

input to the calculatlens, much needs to be resolved, For example:

(1) How good are darkiness-obtained cloud observations?

(2) “hat is thne relatinnship of ground-observed cloud cover to -
satellite observed Coyer” My feeling is tnat most observetions with cloud
cover greater than 50” at neigbts less than 2-3,000 feet above the ground wiill
yield satellite-o»scrved clouu cover that is somewhat less. A program to
correlate prognd ousetved and satellite observed cloud cover based on
the TIROS ropram may help tc astablish the necessarv relationships with

.regard to cloud type, aacunt, and height as seen from the ground,

Reliable esttmates of time required to obtain cover will require a more .
sophisticated approach tn the use of presently available climatologlcal data,
' The first step here weuld be to simulate what the satellite would actually |
see based on individnal cloud observations rather than grouped values by
time-of-day and by season, Programming a computer program for this effort
xhmmd should not be too difficult a task.
| Investigations iqtn the persistencies of good weather may also yleld

valuable planning information fpr optimizing satellite scheduling times and

dates, -
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At the present ti-e our forecast capability (even short-range) Mr
much of the USSR and China leaves much to be desired, A vigorous program
of research to develop forecasting toéla as applied t§ reconnjiuance \
requirements may yield large payoffs in such Plans as will demand "on=-off£"
operations, as well as ahﬁrt-tcm operations where a "veto" to " go-nogo"
can be effective.

Above al} else, meteorological zunxtivntattenyony considerations must
be employed early in all Planning, otherwise flexibility {n planning and
operations is lost and Veather data pumped in as an afterthought becomes

meaningless, and oftentimes misleading, A good example of this can be found

in the Supplement to WSEG Report No, 39.




Attachment 1]

*  Obviously, these an& olher high satellite-day numbers a;e meaningless
with feference to single month-single vehicle operations, Furthermore, time-~
spacing multiple vehicles on the same (or different orbits) does not
necessarilv reduce the number of days required, since there are optimum
launch times and dates within each month that correspond to maximum

numbers of passes over the targets in daylight,

It is more than distinctly possible to develop short-range weather
forecasting capabilities that will, with a high degree of confidence allow
the picking of launch dates several days in advance, so as to get complete
or nearly comp lete photo cover on a single Pass. Application of this
capability to "turn on-turn off'" operations of satellites already in orbit
at the time might also be considered. 1In other mords we must take full
advantage of the little good weather that is available,

To {llustrate the point further, the following table indicates the %
frequency of occurrence of -- 3/10 cloud cover over the northern half of
the Kola Peninsula, whi;h is a heavily clouded-over region (e.g,, July mean

cloudiness - 801.\
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