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Abstract

A time variéble model of earth's albedo has been prepared for use in
climate studies and as an aid to the interpretation of satellite earth radiation -
budget data. The Fortran computer program is assembled in modular form,
so that improvements can be made to any module independently of the rest. .
Features of the model include: a 10° latitude-10° longitude grid for numerical
integration, surface albedo specified at one month intervals, calculation of
zenith angle effect for surface albedo and of the additional effect of the atmo-
sphere on the albedo . Percent cloud cover is specified for 29 different clima-
tological cloud type regions at 8 times of the day for 12 months of the year.
Cloud albedos have been specified for each of the cloud climatological types.
Diurnal and monthly variations of this model are described and results are
compared with the model of Ellis and Vonder Haar which is based on satellite
measurements.
A computer program has also been written for use in studying the sampling
effects in satellite radiation budget measurements. An example of the results
of calculations with this program are compared with a previous study of the
sampling effects. This program for satellite orbit .characteristics is to be com-
bined with the time-variable albedo model for further study of the sampling

problem.
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L Introduction

The program of research to be described in this report, has the objective
of producing a time variable model of earth's albedo suitable for possible use
in climate studies. Such a model could also be an aid to the interpretation of
satellite earth radiation budget data and could be used for other applications
involving solar radiation. One such application would be the prediction of regional
or local incident solar energy, using satellite albedo measurements.

Recent earth's albedo models described in the literature include a zonal
average albedo model based on satellite earth radiation budget measurements
(Ellis and Vonder Haar, 1976). This model , based Aon 29 months of satellite radiation
budget measurements taken intermittently over the period 1964 through 1971,
presents average data for 10 degree latitude zones for 12 mean months, 4 mean
seasons and an average year.

Another study of radiation and energy budgets of the earth presents two
monthly zonal average models of earth's albedo, one (model A) based on surface
observations of cloud cover and the other,,(model B) based on satellite observa-
tions of cloud cover (Hoyt, 1976). Both of these models present average data
for 5 degree latitude zones for 4 seasons and an annual mean. In this study the
model B cloud cover was obtained from the model A cloud cover by applying
systematic corrections to the model A data actording to suggestions by Malberg
(1973) who had compared ground based observations of total cloud cover with
simultaneous 0.5 km resolution satellite observations.

The time variable model described in this report is an initial attempt to
specify the nature of time varying earth's albedo. The problem was approached -
as "open-ended"; to be improved by further study and modification. It

is constructed in modular form. Each module can be modified and improved



separately from the rest to produce a net improvement in the whole. The individual

modules are considered to be:

l. A 10%atitude - loglongitude grid, which defines regions of the earth for which albedo

is speciﬁe.a. A next step improvement would possibly be a 5° latitude
- 5° longitude grid, which however will increase the cost of computer
calculations by a factor of 4.

2. Surface albedo, which has been specified for each area element of the

grid, initially for each season of the year, and then, for each month of
the year. Ideally the next version of the model would include bi-weekly
or weekly variations in surface albedo.

3.  Zenith angle effect for surface albedo: Three zenith angle functions for

surface features have been used, one each for land areas, ocean areas and
snow/ice areas. An improvement would be to specify differeﬁt functions
for significantly different earth surface features. That is, one could differ-
entiate between desert areas and mountain areas, etc.

4, The additional effect of the atmosphere on earth's albedo: The formulation

used in this model for the albedo of the earth-atmosphere system uses
the same equations for land, ocean and snow/ice regions. It is possible
that different functions should be used for different earth surface features.

5. Climatological cloud cover type regions: Percent cloud cover has been

specified for 29 different climatological cloud type regions based on the
work of Sherr, et al. (1968). Their cloud type regions were modified slightly
to fit the 10° - 10° grid of this model. The 5°-5° grid would improve this
module slightly. Also an improvement in percent cloud cover distributions
is likely when more satellite data is analyzed.

6. Cloud albedo: Cloud albedos have been estimated crudely. A significant



improvement in the model can be made by application of satellite data

“for cloud albedo.

7. Diurnal Variations: Calculations have been made for 8 different times
in a day, 00:00, 03:00, 06:00, 09:00, 12:06, 15:00, 18:00 and 21:00 (GMT),
corresponding.tc.) sub-solar longitudes of 0.0, #5.0, 90.0 . . . 315.0, respec-
tively. A finer time interval increment, 1 hr, would show more of the

detail of time variability of earth's albedo.

The effect of the atmosphere above the clouds has been neglected.
Section two of the report, which follows, specifies the detailed charac-

teristics of each of the modules described above. The calculation procedure

- is described in Section Three. Thé initial phase of the application of the model

to earth radiation budget measurements from satellites is summarized in Section
Four. Section Five contains conclusions and recommendations for further work

on this model.



2, Time Variable Albedo Model

2.1 Surface Albedo

The albedo model described herein is designed on a 10? latitude by 10°
longitude grid on the surface of the earth. The surface albedo of each 10°x10°
element was specified initially for each season of the year using the data of
Hummel and Reck (1979). In a second version of the model, surface albedo values
were specified for each month of the year, using the seasonal values of Hummel
and Reck adjusted by reference to the monthly zonal averages of Robock (1979).
This arbitrary procedure yields annual zonal surface albedo values intermediate
between Robock's and Hummel and Reck's.

More specifically each element of the 10%x10° grid of the earth was assigned

values of surface albedo A(1,3,K) where:

{ 1,24000,4 (season of the year, starting with winter)
I= or

1,240,412 (month of the year, starting with Jan.)

J = 1,2,..,,36 (longitude index)

K= 1,2,..,18 (Iatitude index)

The correspondence between longitude index and longitude was taken as:

3 = 1 2 3 36
Longitude = 0°-10 10°20 20°-30° 350°-360°

with longitude measured west from the Greenwich meridian.

The latitude index correspondence with latitude is:

: K = 1 2 3 9 10 ™ 13
Latitude = 90-80N 80-70N 70-60N 10-ON 0-10S 80-90S

that is from the north polar regions southward with increasing K.

The surface albedo data for each month of the year for the second version
of the model is shown in Tables A-1 to A-12 in Appendix A of this report.

These values are assumed to represent surface albedo values averaged

over the range of solar zenith angles appropriate for the given month and latitude.



2.2 Zenith Angle Effect for Surface Albedo

Time variability was restored to the monthly surface albedo data described
above by use of the three solar zenith angle functions of Larson and Barkstrom
(1977) for land, ocean and snow (and/or ice) areas. Thus the solar zenith angle
dependent albedo values become:

For land:

1 1
[A(1,3,K) 0.458(1-cos( e)lnu*cos(e) ) 01375 ] : (1)
where: g is the solar zenith angle

In is the natural logarithm

0.1874 is the value of the function averaged over all zenith angles

from 0 to 90°.

For ocean:

.630 1 '
[A(I,J,K)(.o3 + (1 47 TH)Z ) RIS ] )
| ,

where:  TH is the solar zenith angle in radians
.1065 is the value of the function averaged over all zenith angles
from 0 to 90°

For snow (or ice):

[A(1,3,K) 0.797(1-0.176 cos (9)) 7=~z= 0. 7035 ] - (3)

where: g is the solar zenith angle
.7035 is the value of the function averaged over all zenith angles from
0 to 90°
The three functions described above are shown in Figure 1.
It should be noted that the factors 0.1874, 0.1065 and 0.7035 are correct
only for those latitudes and times of the year for which the sun indeed traverses
the sky through the zenith angle range of 0 to 90°. For most latitudes and times

of the year the sun's zenith angle changes from 90° to some minimum angle greater
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than 0° and thus the factors used are incorrect.

The above technique, although incorrect, has been adopted initially as an

~ approximation because it is easy to implement. The more exact calculation

which is more difficult to implement is a refinement which will be added to the

program later on.

2.3 Albedo of the Earth-Atmosphere System

For cloud free sky conditions the combined effects of the earth-atmosphere
system are modelled by functions described by Nack and Curran (1978). Thus

the albedo combining surface and atmospheric effects becomes:

{[ 1M_(6) + As(e)} (%)
where [ ] is given by equation 1, 2 or 3 above, as appropriate, and:
M, =.7213-2.180 100" + 4.9% 1077 6° (5)

5,2

As =.0483 + 1.087 10 °6° - 2.219 10-9

0+6.776 10713 ¢® 6)

Figure 2 shows the resultant albedo at the top of the cloud free atmosphere as
a function of surface albedo for several solar zenith angles. Note that the albedo
of the surface-atmosphere system is greater than the surface albedo for low

surface albedos and less than the surface albedo for large values of surface albedo.

2.4 Climatological Cloud Cover Data

The world-wide cloud cover distributions of Sherr, Glasen, Barnes and |
willand (1968) are used in this time variable model. These authors prepared

probability distributions of world-wide cloud cover for use in the simulation of
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earth-oriented observations from space. Five cloud categories, including one
for clear skies and one for overcast skies, are given for 29 cloud climatological
regions, for eight times of the day and for each month of the year.

Each cloud category refers to a range of percent cloud cover as indicated

below:
Category Cloud Cover in Tenths
1 0
2 1,2,3
3 4,5
4 6,7,8,9
5 10

The 29 cloud climatic regions are shown in Figure 3. Satellite data were
used to establish the homogeneity of the regions. Within each region cloud cover
frequency data were obtained from a representative station usually having at
least 10 years of observations.

Since the cloud climatic region areas of Sherr, et al., did not begin and
end on the 10%x10° latitude-longitude lines of our model, his map areas were
modified (stretched or contracted slightly) to fit our model. Table 1 shows the
cloud climate regions used for each 10°x10° area in our model.

Sherr's general description of the nature of the clouds in each cloud climatic
region is given in Table 2. For each cloud region, probability distributions of
the five possible cloud amount categories are given for each of the 12 months
of the year at eight local times during the day: 01:00, 04:00, 07:00, 10:00, 13:00,
16:00, 19:00 and 22:00.

From the probability distribution data given by Sherr, the percent cloud
cover was calculated for each cloud climate region as a function of thé eight
different local times of the day for each month of the year. The percent cloud
cover data used in this model is given in the Tables B-1 to B-96 in Appendix B.

Each table shows the world-wide percent cloud cover distribution for a given



10

. | = Y “
" ! r [ | |
i i ik S OO O
T T ENETTT |
h "" o - |
i o © !
| L |
1 ]
= 7“ : i
B "
B S DR
HECERE® !
i > ~ n“
it - - PURPIIE SERa— |
' o 1
i i
i H ]
1] . “
] o H
] . = !
! ; "
N ! L “r
..... 5 LD 5
S BRIl . Sy “
PR m i ] !
gw - k- nn 1= - .ﬂn ||||| --u-v..-nu_r
s 21y L i
: - i
. i )
mmh i =T I I
] m ..... o “
- ' t ]
-] ¥ ' i
L o | '
1 Bl B )
b | -
R A . N L X T S S et et ' e b 4 = - . —-——--
xnuN 1 \ H o ~
AN O |
A "
I PN R A vniurln L. vllnnnunul
m : N
H s |
' ) 1 '
n : - PO N T I S
vlb - ——— |«l - ~ 1 ! “
; m : I~
ll ! ]
1l “ "
I . ST [ A R 1 NS
L b
- ~ ]
- .‘ H “
e : !
t t n
o~n.lv .m omw ow m

Figure 3 The positions of the 29 regions on the world map (after Sherr et al., 1968).



-
&N

- -
]

SN
RT NN SN )

1%
15
11
11

18

PR R N NN

29
22
23
23
24
24

N
DO NPYNI DT

NN NI
SrSNN

31 30
15 15
15

-
A

3
e [

TIP3
S HENNIVIID

NN N
NGO > -
NN N
WWN O &

NN NN
S w
~
>

N
rs

Table } Poaitions of the 2
10" latitude - 10

29 28 27 26

24

-
e

Py
NNV AN

15
1%

9

"
17
12
15

12

4
25

4

4
29
2?2
23
24
24
24

25

15
15

S

19
16
1c
19

4

4
?5
26

2
29
22
23
24
24
26

ny

(NN YW NE NN

DS DN e P

~
(SRS RV EXEC RWRE R

LN SRS

Nty
Sy

22 21

15

N e = e pe
e e N o
PEUWSHIOWW SO NN

Ul PO LI O N

3N
o T
L)
0

PMNPMNNIR
S PoW
NNNN
S oww

20

1%
15

19
1t
1°¢

U SRR S ]

bR EL N o
wWrw M

ae

22
23
24
24
24

18

®2

PR I S N R R

15

15
15

14
13
20

SPENN S

29

23
23
24
24

9 cloud cover type regions for the
longitude model.

et

PEWNNIIENANN NwWwID

NIRRT I
&

—
~N

e -
WA

SRS SNND DD

10

15
15

1%

11
19

17
16

29

-
23
24
24
24

9 8 7

1s
156
12
i)
11
19
%
16
&
L]
3

3
29
22
23
23
24
24

1%
15
a
]
11
20

15
15
9
a
11
23
4
17
3
3
25

b

23

2
23
24
24
24

6

15
18
14
14
13
T4
12

3
as
25

4
28
22
23
23
24
24

5
it
15
15
14
13

3
12
k3
25
21

3
29
22
23
24
26
24

3

2
15

15

NDOINOWNE WN -

11



12

Table 2 General Description of Climatological Regions
after Sherr, et al., 1963).
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Table 2 Continued,
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month and time of the day, on thé 10°x10° grid of our model. Each table is iden-
tified with the name of the month and the local time.

A calculation of the global annual percent cloud cover from the above
data gave a value of 60% which is much larger than values of 50-55% normally
used (i.e. The global cloudiness for Model A of Hoyt (1976) was 53.2%).

A multiplying factor GLCLC/60 has been incorporated into the model.
By means of this factor the global clouvd cover may be adjusted to any desired
fraction equal to GLCLC. When GLCLC is specified at the beginning of a computer
run, all values of percent cloud cover (PC) are adjusted by the multiplying factor

with the result that the annual global fractional cloud cover is made equal to

GLCLC.

2.5 Cloud Albedo_

The paper of Sherr, et al., did not supply information on cloud albedo for
each of the 29 cloud climatic regions. Therefore, cloud albedo was estimated
by using the cloud albedo function of Larson and Backstrom (1977) along with
a multiplying factor RA(NT) which attempts to adjust the Larson and Backstrom
function to the specific type of clouds in the given cloud climatic region. This
factor was selected for eacﬁ climatic region by comparing the general description
for each region with the data of Krondratyev (1973). The factors RA(NT) are
listed in Table 3. Also shown in the table are the fractional amounts of the earth's
area occupied by each cloud climatic type. Most cloud types each occupy less
than 5% of the world area; however, cloud type 23 occupies 6.6% and cloud type
4 occupies 18.1.96 in this model.

The albedo of cloud type NT then is given albedo equal to

| 79.7(1-0.176 cos(8))* RANT) | | @)

where 8 = the zenith angle of the sun

RA(NT) = cloud albedo multiplying factor for cloud climatic area NT.
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Table 3 Cloud albedo factors RA(NT). Fractional
area of the earth for each cloud type is also shown.

RA(NT) AREA (FRACTIONAL)
625 .01535
425 .08921
.6 .09011
.6 18161
.6 .00651
.6 .00235

.6 .00221
.6 .00171
.85 .03511
.85 .03618
35 .01861
.85 02316

1.0 .03151
1.0 .02215
92 ‘ 03425
.85 01842
.85 .01403
78 .01875
78 .00836
.85 04312
1.0 .02508
.82 04793
.85 06636
1.0 -.05062
1. .02815

0
1.0 01360
1.0 .00568
78 .00595
78 .063838
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2.6 Resultant albedo of each 10-°-x109 region

The resultant albedo of each 10°xlO°region is a function of eight parameters.

It can be expressed as:

c(,3,K, 6,LT,NT,N,GLCLC)

_ | Surface +
~ ) Atmosphere

} (1 - PCLT,NT,N) SEEXC)

GLCLC

+ { ClOUdS} PC(LT,NT,N) 60

where:
I = season or month index (for surface albedo)
J = longitude index
K = latitude index
f = solar zenith angle
LT = local time index
NT = cloud climatic region index
N = month index (for % cloud cover)

PC = percent cloud cover

[ - surface
1 + }: albedo of earth atmosphere system,
atmosphere .

{ clouds} = albedo of clouds,

(®)

)

@
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3. Earth Albedo Calculations

3.1 Equation for Earth's Albedo

The calculation of the albedo of the earth at a given time on a given day
is based on the portion of the earth illuminated by the sun at that time. As an
example, Figure & shows, in schematic form, the portion of the earth illuminated
by the sun at the summer solstice as shown in Byer (1974). The sub-solar point
s is at 23°27' north. The meridian through the sub-solar point is at noon local sun
time. Solar times at other meridians at 45° intervals of relative longitude are
also shown.

The longitude of noon local sun time will vary as a function of Greenwich
mean time. In this program, earth albedo calculations are made at 0:00, 03:00,
06:00, 09:00, 12:00, 15:00, 18:00, and 21:00 G.M.T. The corresponding longitudes

0 135.0°, 180.0°, 225.0°, 270.0° and

of the sub-solar point are, 0.0°, 45.0°, 90.0
315.0° west, respectively.

. The averaging (integration) of albedo over the sunlit hemisphere of the
earth is carried out using the coordinate system illustrated in Figure 5. In Figure
5, Ocorresponds to the zenith angle at a given element of area on the sunlit
portion of the earth's surface, a is an azimuth angle around the sub-solar point.
The limits for the integration are

058 X90°
0% a<360°
The integral relation for the average albedo of the sunlit portion of the

earth is:

1 2772
A= = f f R(8) cos B sin® doda 9)

w o °

where R( 0 ) is the albedo (directional reflectance) of the element of area at

zenith angle 8 and azimuth angle ¢. It is assumed that R(g) is independent of
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Midnight
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Figure 4 Exposure of the earth to the sun at the summer solstice,
with subsolar point at S marking noon. Times on other meridians at

45° intervals of longitude are shown (after Byer, 1974).
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Figure 5 Coordinate system for integration of albedo over sunlit

portion of earth,
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¢. The computer program carries out the integration using a summation over

59 zenith angle and 5% azimuth angle intervals, thus:

A= L 3 ¥ cC@,B)sin6 cos 8 A Ac (10)
TT M

A= 0024245 3 C(L,M)sin® cosb (11)
L M

In equations 10 and 11, C(L,M) is a function of L and M, which identify an area
relative to the sub-solar point. Equation (8) indicates that C, the albedo of an

area on the surface of the earth, depends on many parameters: ,3,K, §LT,NT,
N, and GLCLC. Many of these parameters, i.e., J,K,8,LT, and NT are functions

of L and M. The calculations which relate these parameters to L,M are described

in the next section of this report.

3.2 Sequence of FORTRAN Computer Program Calculations

The sequence of calculations required for the determination of average
earth albedo at a given time, by the FORTRAN computer program, starts (computer
program statement number 14.4) with the input of indices for the month of the
year (I for surface albedo and N for cloud cover) and of the global annual average
percent cloud cover, GLCLC. The value of another index NI, which acts as a
nswitch" in the program is also specified. The computer program which carries
out the calculations is listed completely in Appendix C without explanatory comments.
The sequence of significant instructions carried out by the computer program
is as follows. (The computer progrém statement numbers are given in parenthesis

for each set of instructions).



8.

10.

11.

12.

13.

14.
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Calculate the sub-solar point longitude, XS, for each of the eight local times
of the day (16).

Determine the sub-solar point latitqde, -Gs, for that month (19-30).

Loop through 18 vaiues of 6 (31,32).

For each @ calculate Ms and As (33,34)

Loop through 72 values of ¢ (36,37)

For each value of 8 and a, determine the corresponding values of latitude
B, hour angle of the sun, h, and longitude A (38-47). |

Determine the latitude and longitude indices, K and J corresponding to
latitude B8 and longitude X (48-49).

Determine the cloud climatological type index NT corresponding to latitude
B and longitude A (50).

Determine local solar time and local solar time index LT corresponding

to the sun's hour angle h (51-60).

Select value of surface albedo A(1,J,K). Determine whether it corresponds
to land, ocean or snow/ice area; branch accordingly (60.1-61.8).

Determine value of albedo, including surface, atmosphere and cloud coVer
contributions using appropriate relationship for land, ocean or snow/ice
surface region (63-66, 67-70, or 71-74).

Determine the average value of albedo (averaged over the eight local times)
for each 10°>§10° area on the surface of the earth (74.2, 74.4, 86.3, 86.4,
86.41, 86.42). |
Determine the average percent cloud cover of the sunlit portion of the
earth at each of the eight times of the day (75,77).

Determine the albedo of the sunlit portioh of the earth at each of the eight'

times of the day (76,78).
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15. Write (output) the month index, I; solar declination, GS; sub—sblar point
longitude, albedo and percent cloud cover of the sunlit portion of the earth
for each of the eight times of the day (80).

16. Determine the average albedo for the day and the average percent cloud
cover of the sunlit portion of the earth for the day and output these values
(81-86).

17. Determine zonal average albedos for the day and output results (86.48-

86.7).

18. Go back to the beginning of the program and input another set of values
of I,N,NI,GLCLC.
19. The program is run through completely for each of the 12 months of the

year.

The other FORTRAN program statements not described above are for data
initialization, for input of data from files, for the use of switches controlling
the output of data, or else they are non-executable statements for variable

type and dimension or input and output format statements.

3.3 Results

3.31 Daily Variation of Earth's Albedo

Tables 4 to 15 show results of the albedo calculations for each of the 12
months of the year, respectively, with a global yearly average cloud cover equal
to 0.45. Each table shows the month index (I), solar declination angle (DELTAS),
sub-solar point longitude (SSLON), albedo at that time (ALBEDO) and percent
cloud cover for the sunlit hemisphere of the earth (PC). The average albedo
for the day (ALB) and the average sunlight percent cloud cover for the day (PC)
are shown below the main body of the table.

Recall that the corréspondence between the time of day and the sub-solar

&)



I= 1 DELTAS=-20.08"
I= 1 DJELTAS=-20.08
I= 1 DELTAS=-20.08
I= 1 DELTAS=-20.08
I= 1 DELTAS=-20.08
I=1 DELTAS=-20.08
I=1 DELTAS=-20.08
I= 1 DELTAS=-20.08
ALB= 30.60 PC= 0.493
I= 2 DELTAS=-10.83
[= 2 DELTAS=-10.83
- I= 2 DELTAS=-10.83
I 2 DELTAS=-10,83
§I= 2 DELTAS=-10.83
'I= 2 DELTAS=-10.83
"I= 2 DELTAS=-10.83
I= 2 DELTAS=-1G.83
ALB= 29.44 PC= 0.472
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0.08
I= 3 DELTAS= -0,08
I= 3 DELYTAS= -0.08
ALB= 29,31 PC= 0,468
= 4 DELTAS= 1l.58
= 4 DELTAS= 11.58
= 4 DELTAS= 1l1.58
I= 4 DELTAS= 11.58
= 4& DELTAS= 11.58
= 4 DELTAS= 11.58
= & DELTAS= 11.58
= & DELTAS= 11.58
ALB= 30.09 PC= 0.463
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SSLON= 0.0

SSLON= 45,00
SSLON= 90.00
SSLON=135.00
SSLON=180.00
SSLON=225,00
SSLON=270.00
SSLON=315,00

SSLON=
SSLON= 45.00
SSLON= 90.00
SSLON=135.00
SSLON=180.00

0.0

SSLON=225.00"

SSLON=270.00
SSLON=315.00

SSLON= (.0
SSLON= 45.00
SSLON= 90.00

SSLON=135.00
SSLON=180.00
SSLON=225.00
SSLON=270.00
SSLON=315.00

SSLON= (0.0

SSLON= 45.00
SSLON= 90.00
SSLON=13%.00
SSLON=180.00
SSLON=225.00
SSLON=270.00
SSLON=315.00

ALBEDC=
ALBEDC=
ALBEDGC=
ALBEDO=
ALBEDC=
ALBEDC=
ALBEDC=
ALBEDC=

ALBEDO=
ALBEDQO=
ALBEDO=
ALBEDQ=
ALBEDO=
ALBEDC=
ALBEDO=
ALBEDC=

ALBEDO=
ALBEDC=
ALBEDG=
ALBEDC=
ALBEDQG=
ALBEDG=
ALBEDGC=
ALBEDGQ=

ALBEDQ=
ALBEDQ=
ALBEDO=
ALBEDC=
ALBEDC=
ALBEDQ=
ALBEDO=
ALBECO=

31.53
30.77
29,71
28.81
29. 50
31.07
31.95
3l.49

30.17
29.62
28.68
2T.63
28.51
29.99
30.78
30.13

30.02
29.62
28436
27.49
28.63
30.12
30.38
29.85

30. 34
30.19
29.37
28.70
29.65
3l.01
3l1.04

30.43 -

PC=0.50
PC=0.50
PC=0.49
PC=0.50
PC=0.49
PC=0.49
PC=0.49
PC=0.49

PC=0.47
PC=0.48

PC=0.48

PC=0.48
PC=0.47
PC=0.47
PC=0.47
PC=0.47

PC=0.47
PC=0.47
PC=0.47
PC=0.47
PC=0.47
PC=0.,47
PC=0.47
PC=0.46

PC=0.46

PC=0.46
PC=0.47
PC=0.46
PC=0.47
PC=0.46

4.
JAN.

FEB.

MAR.

7.
APR.

Tables #-7 Results of albedo calculations. Month index (I ), solar decli nation (DELTAS),
- sub-solar point longitude (SSLON), albedo for that sub-solar point (ALBEDO), percent
cloud cover for the sunlit hemisphere of the earth (PC), average albedo for the day (ALB),
and average sunlit percent cloud cover for the day (PC). '
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= 5 DELTAS= 20.03 SSLON= 0.0 ALRBEDD= 30.54 PC=0.46
= 5 DELTAS= 20.03 SSLON= 45.00 ALBEDC= 30.88 PC=0.47
I= 5 DELTAS= 20.03 SSLON= 90.00 ALBEDC= 30.56 PC=0.48
= 5§ DELTAS= 20.03 SSLON=135.00 ALBEDC= 30.41 PC=0.50
=5 DELTASs 20.03 SSLON=180.00 ALBEDC= 30.99 PC=0.48
= 5 DELTAS= 20.03 SSLON=225.,030 ALBEDC= 31.60 PC=0.48
= 5 DELTAS= 20.03 SSLON=270.00 ALBEDC= 31.35 PC=0.47
= 5 DELTAS= 20.03 SSLON=315.00 ALBEDO= 30.70 PC=0.47
‘ALB= 30.88 PC= 0,476
~ I= 6 DELTAS= 23.45 SSLON= 0.0 ALBEDGC= 30.37 PC=0.47
i I= 6 DELTAS= 23.45 SSLON= 45,00 ALBEDO= 31.18 PC=0.47
- I= 6 - DELTAS= 23,45 SSLON= 90.00 ALBECC= 31.43 PC=0.50
I= 6 DELTAS= 23,45 SSLON=135.00 ALBEDO= 31.35 PC=0.53
I= 6 DELTAS= 23.45 SSLON=180.00 ALBEDC= 31.69 PC=0.51
I= 6 DELTAS= 23.45 SSLON=225.00 ALBEDC= 32.20 PC=0.50
I= 6 DELTAS= 23.45 SSLON=270.00 ALBEDO= 31.11 PC=0.48
I= 6 DELTAS= 23.45 SSLON=315.00 ALBEDO= 30.25 PC=0.47
- ALB= 31,20 PC= 0.490
I= 7 DELTAS= 20.63 SSLON= (.0 ALBECO= 28.93 PC=0.45
= 7 DELTAS= 20.63 SSLON= 45.00 ALBEDO= 30.42 PC=0.46
= 7 DELTAS= 20.63 SSLON= 90.00 ALBEDC= 30.70 PC=0.50
= 7 PDELTAS= 20,63 SSLON=135.00 ALBEDGC= 30.42 PC=0.52
= 7 DELTAS= 20.63 SSLON=180.00 ALBEDO= 30.77 PC=0.50
= 7 DELTAS= 20.63 SSLON=225.00 ALBEDC= 3l.18 PC=0.49
= 7 DELTAS= 20,63 SSLON=270.00 ALBEDG= 29,80 PC=0,47
I= 7 DELTAS= 20.63 SSLON=315.00 ALBEDO= 28.79 PC=0.45
\ ALB= 30,13 PC= U.481
{
' | 1= 8 DELTAS= 12.38 SSLON= 0.0 ALREDC= 28.63 PC=0.45
} I= 8 DELTAS= 12.38 SSLON= 45.00 ALBEDO= 29,65 PC=0.47
I= 8 DJELTAS= 12.38 SSLON= 90.00 ALBEDO= 29.49 PC=0.49 11.
I= 8 DELTAS= 12.38 SSLON=135.00 ALBEDO= 29.12 PC=0.51
I= 8 DELTAS= 12.38 SSLON=180.00 ALBEDO= 29.37 PC=0,50 AUG
[= 8 DELTAS= 12.38 SSLON=225.00 ALBECO=""29.73 PC=0.49 :
I= 8 DELTAS= 12.38 SSLON=270.00 ALBEDC= 28.78 PC=0.46
I= 8 DELTAS= 12.38 SSLON=315.00 ALBEDC= 28.l14 PC=0.45 )
ALB= 29.11 PC= 0.478
i
Tables 8-11 Results of albedo calculations. Month index (I), solar declination (DELTAS),

sub-solar point longitude (SSLON), albedo for that sub-solar point (ALBEDO), percent
cloud cover for the sunlit hemisphere of the earth (PC), average albedo for the day (ALB),
and average sunlit percent cloud cover for the day (PC).
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ALB= 29.29 PC=

=10
1=10
1=10
1=10
1=10
I=10
1=10
1=10

ALB=

I=11
I=11
I=11
I=11
I=11
I=11
I=11
I=11

ALB= 31.55 PC=

C1=12
I=12
1=12
I1=12
=12
I=12
I=12
1=12

ALB= 32.34 PC= 0.523

DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02
DELTAS= 1.02

0.480

DELTAS=-11,42
JELTAS=~11.42
DELTAS=-11.42
DELTAS=-11.42
DELTAS=-11.42
DELTAS=-11,42
DELTAS==11,42
DELTAS=-11,42

29.77 PC= 0.469

DELTAS==19.75
JELTAS==-19.75
DELTAS=-19.75
DELTAS=-19.75
DELTAS=~-19.75
DELTAS=-19.75
DELTAS==-19.75
DELTAS=-19.75

0.506

DELTAS=-23.43
JELTAS=-23.43
DELTAS=-23,43
DELTAS=-23.43
DELTAS=-23,43
JELTAS==23.43
DELTAS=-23.43
JELTAS=-23.43
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SSLON= (0.0

SSLON= 45.00
SSLON= S90.00
SSLON=135.00
SSLON=18C.00
SSLON=225.00
SSLON=217C. 00

SSLON=315.00

SSLON=
SSLON= 45.00
SSLON= 90.00
SSLON=135.00
SSLON=18C. 00
SSLON=225,00
SSLON=270.00
SSLON=315.C0

SSLON= 0.0
SSLON= 45.00
SSLON= 90.00

SSLON=135.00
SSLON=180.00
SSLON=225.00
SSLON=270.00
SSLON=315.00

SSLON=
SSLON= 45.00
SSLON= 90.00
SSLON=135.00
SSLON=180.00
SSLON=225.00
SSLON=270.00
SSLON=315.00

0.0

ALBEDO=
ALBEDO=
ALBEDO=
ALBEDO=
ALBEDO=
ALBEDC=
ALBEDC=
ALBEDC=

- 0.0 ALEEDO="

ALBEDQO=
ALBEDO=
ALBEDC=
ALBEDO=
ALBEDGC=
ALEBEDCO=
ALBEDGC=

ALBEDO=
ALBEDQ=
ALBEDC=
ALBEDC=
ALBEODQO=

ALBEDC=

ALBEDC=
ALBEODG=

ALEEDC=
ALBEDG=
ALBEDO=
ALBEDC=
ALBEDC=
ALBEDQO=
ALBEDC=
ALBEDO=

28.66
29.83
29.72
29.24
2945
29.91
29.18
28.32

29,92
30.59
29.59
28.70
29.21
30.07
30.33
29.71

32.39
32.10
30.73
29.81
30.56
3l1.89
32.64
32.24

33.24
32.66
31.47
30.65
31.35
32.76
33.42
33.16

PC=0.46
PC=0.47
PC=0,.50
PC=0.51
PC=0.50
PC=0.49
PC=0.46
PC=0.,45

12

SEPT.

PC=0.46
Pg=0.47

PC=0.48

PC=0.49 13
PC=0.48
PC=0.47
PC=0.46
PC=0.45

OCT.

PC=0,50
PC=0.51
PC=0.51
PC=0.52
PC=0.51
PC=0.50
PC=0.49

Poe

4
NOVv.

PC=0.52
PC=0.52
PC=0.53
PC=0.53 15
PC=0.53
pC=0.52 DEC.
PC'—'O. 52
PC=0.51

Tables 12- 15 Results of albedo éalculations. Month index (I), solar declination (DELTAS),
sub-solar point longitude (SSLON), albedo for that sub-solar point (ALBEDO), percent
ge albedo for the day (ALB),

cloud cover for the sunlit hemisphere of the earth (PC), avera

and average sunlit percent cloud cover for the day (PC).
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point longitude is as follows:

GMT(HOURS) SSLON(DEG)
00:00 0.0
03:00 45.0
06:00 90.0
09:00 135.0
12:00 180.0
15:00 225.0
18:00 270.0
21:00 315.0

These tables show that during the months of October through April the
daily minimum value of earth's albedo is at 09:00 GMT, when the sub-solar longitude
is at 135° in the center of the Pacific Ocean area. During most of these months
the solar declination is negative (the sub-solar point is south of the equator).
During the same period of time the daily maximum value of earth's albedo is
at 18:00 GMT, at longitude 270°, when the sub-solar p'oin"t is over the Indian

Ocean.

}From May to September, when the solar declination is positive, the minimum
daily albedo is between 21:00 GMT and 24:00 GMT, when the sub-solar longitude
is between 315°W and the Greenwich meridian. The maximum daily albedo is
at 15:00 GMT, when the sub-solar point is at 225° longitude, in the western
Pacific Ocean. In January and February, the diurnal variation is £ 5% of the daily
average value. In May, it is only 2 1.75% of the daily average value.

Monthly zonal averages of earth's albedo are shown in Table 16. Monthly
global averages of albedo and percent. cloud cover in sunlight are shown in the
table below the zonal averages. The_r;lonthly global albedo averages have a maxi-

mum in June and a larger maximum in December. Minima of monthly global
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“albedo values occur in February-March and August-September. The variations

in monthly average albedo are in general agreement with the variations in the
monthly average values of percent cloud cover in sunlight. The albedo is a maxi-
mum when percent cloud cover in daylight is a maximum.

The monthly zonal average values.of albedo are compared with the sat-
ellite measured zonal average values of Ellis and Vonder Haar (1976) in Table
17. The table shows the value of the difference (Ellis and Vonder Haar's value
minus the model value). Considerable refinement of the model is needed to

obtain agreement with Ellis and Vonder Haar.



Table 16 Monthly zonal averages of earth's albedo.
earth's albedo (ALB) and of percent cloud cover in sun

Jan.

0.0

0.0
50.0
49.3
43.4
34.5
25.5
22.3
22.3
24.5
28.1
22.3
28.7
32. 9
43.3
49,2
60.4
64.1

30.6
493

Feb.

0.0
51.5
50.9
46.0
40.2
33.8
25.3
21.0
21.8
23.9
28.2
22.3
25.4
32.5
43.7
50.6
61.2
64.2

29.4
472

Mar.

52.2
53.0
52.4
45.5
38.4
33.6
20.7
21.8
23.8
28.4
22.4
2442
34.8
44.7
52.4
62.2
62.3

29.3
468

Apr.
55.8
52.5
52.0
43.6
36.9
33.0
25.4
22.0
22.4
23,7
28.3
22.8
28.7
38.5
4645
51.9
59.9

0.0

30.1
463

May
61.0
56.8
49.1
4245
36.2
32.6
25.4
24.6
24‘6
20.8
2409
22.4
32.8
41.5
48.9
50.4

0.0
0.0

30.9
477

June
59.4
54.5
42.6
40.7
34.4
31.4
26,1
26.5
27.8
21.0
25.7
24.5
33.6
41.6
50.6
47.4

0.0
C.0

31.2

490

July
56.6
51.9
40,2
40.1
32.7
21.6€
25.7
2609
28.5
2046
25.4
25.0
32.0
41.4
50.1
47.6
0.0
0.0

30.1
481

Aug.
55.1
49,6
40,2
39.9
33.0
26. 6
2445
265
28. 4
20.1
24.0
24.1
32.3
3%9. 4
48, 6
50.5
53.6
0.0

29.1

478

Sept.
55.6
51.9
43.4
40.8
32.6
25.5
2442
27.2
28.2
2l.1
23.9
23.5
32.6
37.7
46.5
5l.7
58.3
5542

29.3
430

Oct.
0.0
51.8
46.4
41 .9
34.9
29.7
243
26 .4
26.1
22.2
24.0
21.0
31.7
36.9
44,7
50«6
59 ‘4

60.2

29.8
469

Monthly and yearly global averages of
light (SPC) are also shown.

Nov. Dec.
0.0 J.0
0.0 0.0
49.1 50.5
4%.7 47.8
39,3 41.9
33.5 34.9
26,2 26.8
25.3 24.5
25.9 2&4.8
24.1 25.2
26,5 28.2
2l.7 22.8
32.2 32.8
35 L ] 9 34 [ ] 6
43,7 43,9
527 5l.4
61.0 61.9
64.95 65.1

:

ALBEDO

VWRONAWVEWN — X
8

Pt e et et et et s s s
OQ\JO\\A-P\»N—O

315 32.3  30.3 ALBEDO
206 323 487 SPC



Table 17 Difference between monthl

y zonal average albedo of Ellis and Vonder Haar and of

this model (AEVH -AE).

Y

May June July Aug. Sept ‘Oct. Nov. Dec.

.Apr.
‘Te2

Feb. Mar.

Jan.

29

wl

<

o

>

48]

<G

O —~NM™M 3N
QOO VOMMN MY —~ATODOE~0OM~N
L] *« ® ¢ & & e © & o ¢ o o L I ) e o O

QON~MNODWVNN-~AMONONONPO

& © ¢ 9o & 0 & O 9 o O 5 8 9 % o O

0051«%120011...3&;41.; ﬂol.i
L] ]

OMNN~NOLTOMNM~MFOOWYW OO0 DD
e & s % 0 @& ¢ 0 ¢ ¢ & o 0 o 0 s o ¢
OO ANONDO m i riei rtMA] Need N~
| [ | [ i 1 1
ar~-FONNOoOT OO ~O NP

0.4

Q
® ¢ ¢ o 8 0 0 0 0 ¢ 0 0 ¢ ¢ g
NOMMAMN~NNO~M
U I I | 1t | !

0.4
-l.
-00
‘20
"1.
-0

1

1l

2

3

0

0

1

2

0
-0
-3

O.

-0. 5
-1
-1
-2
4
c
c
-C
=2
2e
-3
~Ce
-1
=0
-0
2
0
C

"'0.0
-1.3

1.0

METOCE AN~ O O
® @ ¢ o 0 o e & o o o
L

O IrFrMoM~MONGCNNO MM O N~
® o 0 0 8 0 0 00 o0 0 o 0
1 |

0.4

n-u1033a.320%232.m..01.....ﬂ

0.0

NN~ ~NFLPONTLS OO NNO
|

QOO IOUNIFOODAINNIOVINOY ~ FO
e 6 & o & o ¢ 8 & 0 * g ¢ o 0 ° 0 o
L] | ) [}



30

“y, Earth Albedo Measurements from Satellites

4.1 Computer Program for Satellite Orbits

A computer program has been written for use in studying the effects of
selective sampling of earth's albedo from satellites. Since earth's albedo varies
yearly, seasonally, monthly and, indeed, daily and diurnally, the characteristics
of the satellite orbit and the selective sampling thus imposed on the measurements
could conceivably effect the results and our understanding of these variations. |

A FORTRAN satellite orbit program called "Orbits," which has been written
for studying the sampling problem is listed in Appendix D.

The sequence of calculations carried out by this program starts when
the computer requests the input of satellite altitude, inclination angle and longitude
of northbound equator crossing at the beginning of orbit 1 of the calculations
(instruction 4). An index (switch) to determine the form of the output data
is also requested. When these data are supplied, the calculations proceed as

follows:

1. The orbital period P and rate of rotation of the earth relative to -
the satellite orbital plane, A = d A/dt are calculated and printed
out (stafements 7-10).

2. Calculations are theﬁ made, once each minute, of satellite latitude
and longitude (11-23).

3. Next, for each minute, the hour langle of the sun and the local sun
time at the sub-satellite point are calculated (24-36).

4.  As the satellite proceeds in orbit, the number of samples for each
latitude-longitude area on the earth is accumulated as a function
of local sun time and the results. printed out as follows (45-49.6):

a) 24 tables, one for each hour of local sun time, showing the
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b) One table, showing latitude sampling as a function of local sun
time, for all of the samples in the period of interest.

4.2 Application of the Computer Program for Satellite Orbits to the Study

of the Sampling Problem.

As an initial test of the program, the sampling characteristics of the
Earth Radiation Budget System of satellites was calculated. Three satellites
were included in the system with orbital characteristics as follows:

Northbound Equator

Altitude Inclination Crossing Time Note
833 km 98.74° 08:00 Sun-synchronous
833 km 98.74° 15:00 Sun-synchronous
600 km 50.00 00:00 Period = 96.654 min.

The results of these calculations for 30 days of sampling at the rate of
1 sample per minute are shown in tables 18 and 19. In these tables the number
of samples in a one hour period are shown at the time corresponding to the
beginning of that period. Table 18 shows the zonal sampling for the two sun-
synchronous satellites for a period of 30 days. Comparison with Figure 6a
indicates that this s#mpling study yields results comparable to those shown
in Woerner and Cooper (1977). Note that Woerner and Cooper have results for
northbound equator crossing times of 03:00 and 08:00 instead of 08:00 and 15:00,
however.

Table 19 shows the 30 day zonal sampling for all three satellites. The
data of Woerner and Cooper for three satellites are shown in Figure 6B. Again
note that the sun-synchronous satellites for this figure have northbound equator
crossing times of 03:00 and 08:00.

Latitude-longitude sampling for the three satellite system is shown in
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Table 18 Temporal-Zonal sampling for two sun synchronous satellites for a period of 30 days.
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Table 19 Temporal-Zonal sampling for three satellite system for a period of 30 days.
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Tables D-1 to D-24. Each table shows latitude-longitude sampling for a given
hour of the day. Note that even for the three satellite system, the sampling
as a function of time is in general inadequate to determine diurnal variations

in any latitude-longitude region of the earth.

4.3 Further Study of the Effect of Sampling on Earth Albedo Determination

from Satellites

The program for satellite orbits has been combined with the time variable
model of earth's albedo, for further study of the satellite sampling problem
in the determination of earth's albedo. Preliminary results have been obtained,

but have not been studied carefully and, therefore, are not reported here.
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5.  Conclusion and Suggestions for Further Work

The albedo model described in this report is an initial attempt to describe
the time varying nature of earth's albedo. The model is assembled in modular
form. Each module can be modified independently of the others as described
in the introduction.

Five conclusions can be drawn from this initial model:

1. The diurnal variation of earth's albedo is greatest (5% of its daily
average value) in January and February, when the sub-solar point is at 20.08°
to 10.83° latitude in the southern hemisphere. At this time, the daily minimum
value of earth's albedo is at 09:00 G.M.T., when the sqi)-solar longitude is at
135° in the center of the Pacific Ocean. The daily maximum value is at 18:00
G.M.T. when the sub-solar longitude is at longitude 270° in the Indian Ocean.

2. The diurnal variation of earth's albedo is smallest (fl.75% of its daily
average \)alue) in May, when the sub-solar point is at latitude 20.03° in the
northern hemisphere. At this time, the daily minimum value of earth's albedé
is between 21:00 and 24:00 G.M.T. when the sub-solar longitude is between
315°W and the Greenwhich meridian. The daily maximum value is then at 15:00
G.M.T. when the sub-solar longitude is at 225° longitude in the westerh Pacific
Ocean.

3. Maximum monthly global average values of albedo occur in June
(31.2%) and December (32.3%) and minimum monthly values occur in February
(29.4%) March (29.3%) and August (29.1%) and September (29.3%). |

4, The global annual average cloud cover of only 45% produces a global
annual averagé albedo of 30.3% which is approximately the .value obtained from
recent satellite meas;urements. : |

5. The annual percent cloud cover of the sunlit portion of the earth
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(48%) is larger than the annual global cloud cover (#5%) including both daylight
and darkness.
Additional refinements of the model have been mentioned in the introduction.
Each module of the model can be improved with a net improvement of the model.
The application of the model to the study of the effect of selective sampling
from the three satellite ERBS system should be completed.
Finally, a procedure will be developed for the application of satellite

data to improve the validity of the time variable earth albedo model.
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Appendix A
Tables of Surface Albedo Values
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Table A-3, Surface Albedo for March
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Table A-4, Surface Albedo for April
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Table A-5, Surface Albedo for May
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Table A-6, Surface Albedo for June
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Table A-7, Surface Albedo for July
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Table A-8, Surface Albedo for August
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£3063063.0306301530030030€30566£30€3063203e63463.03.63063.6306€3.63063463.¢€306306065545445%69.69.69.68.65.63.
16.29.29.108.18.26.39.39.29,26.3€.3F036.3%.48.53.56056056041052054456053044044044043.314465.60.708,78.,66.18.18,
17021621 02202102262202302300%e210200224230725425025020020020020476020602202402702542%.23.30.26.68.28.21.17.17.
1101304 el4eldal40i4a15.04015.15.1701701T7010011e %0 84 9 Solle 90 9.14.14.15.1€.1%.27.16.11. B, €. 8. 8.10.
12.1213.12.10.103.27.21.2%.22.22. 18, 1€402. 9, A, 7, 8, B. B, B, 8. Boel2.17.17.18.15.15.10. B, 8, 8. 8. B.12,
21013014e16020.13424024.33.34.2€016.1C0 30 Te 5e 54 5¢ 5+ %0 5¢ 50 5. Te17.18e14013. 7. 5. 5+ 5. 5. 5. 6.18.
25628.29.20428.23.10.17.15e10e1¢0120 70 B¢ 5¢ 5. So 50 5. S 54 54 50 54 TelTa 7e 6. 7o 5¢ 5. 5. 5. 5.19.34.
18,1918 Rolb. 80 40 Lo Te Se %0 Se €0 40 40 b0 4u %0 40 40 40 be 40 %0 40 50 b4 bs 6. bs he b 4, 4.1l.18.
Te 5e10elb6alde 4. 40 %0 S 4o ba € Lo 4a 40 40 4o 40 G0 40 he fe 40 40 he 4o 4o 4o1l0l1a Te 4o 4. 4. 4. 6.
b VelOalbe 5e 4o 4o 40 4o 4y S, €o €o 5 He B0 4o 40 4o 4o 4o 4o b0 4. 4o 4s S. 6. B B.10.11. 8. 4. b, 4.
Le13415413. 30 S0 b0 b0 Lo b 4o 40 Te1201N0 4o be b0 Do 4o he Ge b0 Be 40 He be he 9.12.130160 b 4. 4. A
5¢13223elNe 24 50 %e %e 50 %o Se £a75.27.21.13. 5. 5. 5. %o 5. 5. 5. 5. 5. 5. 5. S. 6.20.16.11l. 5. 5. 5. 5.
e Talde 6o 60 60 Ba 6. b0 €o o Tollel0s1341D0s €o Te b0 60 be 60 60 be 60 60 60 6. 8,116,110 6. 6. 6. 6. 6.
Q, 9, 9. 9¢ e ¢ %c TFo Fo Ge S¢ To S FalDa Yo Selle 90 G 9. 9. 9. 94 5. e S. Sel3el5. 9. 9. G. 9. 9. 9.
3703503242642001301000601661601€.1601€010016016016016e1601€216016016016016016016016.17.19.24425.32.37.37.37,
59061061 05906606 3:6H064.TIeT1aTNbG€E065.6405505204944B0487.46066045.45.45.45.45.4604R.65.54.59.59.59.59.59.
€2457072452062092092092¢92¢520920620520920924920524T2e70047Ce7908108909105109105222.92.92.72.68.68.76.92.92.
620720920520 652092072292052662052052052092092:92.92092492¢92:0522092092.92.%2.92052.62:92.92.92.92.52.92.92.92.

Table A-9, Surface Albedo for September
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7P TReTReTR.T8.78.78.78.78.77.78.78.76.78.78.78.78.78.78.78.78.78.78.78.78.73.77.77.75.77.84,84.84.82.80.78,
2604%04%028023.43.5605705325525%058058.570640650660660660570€5.66066065:62062.62462.50.57.71.87.87.76.28.28.

23035e3E037433.36033040040241026423026051445248047239e36036.49.48.48.38441.47.52042.43.47.39.78.40.34.28.268.

15e¢37e17016017.16016e18.17.2002202%026228.19.18.16416.16026019416.16.18,18.22.25.27.28.27.20416.16.16.16.14. -
13012014013016.23.27024224¢25222.15415.13.12.11.10.11.1102001111.11404.18.19.21.18.18.12.11.11.11.11.11.14,

7201%015016023019.26.30.47.52.35.16.1Ce S0 Be Te 7 To 7o To Te To Ta 8.17.19.14412, 80 T 7o Te 7. T. 7,18,
25023029.27029.29.11.17015.12.19.140 Eo 6o 62 6o 6o 60 6o Eo 6o 6o 60 60 8.19. 8o To Be 6o 6o 6. 6. 6.20.34.
1502001841017 Be &2 To 7o Sa Eo 5¢ €o %o %o %0 40 ho 4o 4o 4o 4o 6o 4o 4o 5. €o Ca To Te 4o 4o 4. 4oll.lB.
Te 9210.16.15. 4o bo 4o Se ho €a 6o €o he b0 G0 4o 4o bo 4o 40 4o b0 b he 4o by 4illelle Te b0 4o 4o 4. 6
fe Fo Velbae Se 9 Ge %0 4o he So €a €o 52 60 50 be 40 4o 4o be 4o 4o 4o bo 4o 5. 6. Be Be10elle Be 4o 4o 4.
2e12.14130 Ae 5. 9o Ge 4o 4o bo 4. €e13.100 4o be bo 4o he ba bo bo b ho b he 4e 9.12.13.16,0 b0 4o 4o 4.
5013e2%e10¢ 8¢ S5e Se 5S¢ Se 4o be 7425.28.210130 54 S0 4o 4o &e 40 b0 b0 40 b0 b he 64204176110 5. 54 5. Se
5 5¢ 9 5¢ Se S5e 50 5o Se 50 5. £.1C. 8.13. 9. %4 60 Se % 5. 5¢ 50 5. 5o S5e¢ Se 5o Telbelle 5. 5. 5. 5. 5.
6o 6o o be be 6o 60 Te 0o bo to 6y o 60 To T Te 9 b0 6o be 60 be 60 b0 6o 6o 6a11ilb, 6,0 60 6o 64 6o 6o
34035331 026013014,10.10.10.10410.10.1C+10.10.10.1€010.10.1Cc10.10.10.10.10.10.10010.12.13.15.15,25.34.34.34.
£7,.59.59.57063067065063069¢702680670£65.61060250046043041040028038B2436436026436037238.41059.48.57.57.57.57.57.
62092.92072052092092¢92052¢82092052052¢92092092e92.71068466e77:T79.88:90.50090062.62:92:92:T1466.66.75.92.92.
62092092 092092092¢92092092¢52052062052092292092262092e92052052092+92.92.52.92.52.52.92.92.92.92.52.92+92.92.

Table A-10, Surface Albedo for October
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37.87.17.37.37.37.87.87.57.93.87.87.27.81-87.87.87.87-87.81.!7.37.57.87.57.87.59.90.92.90.92.92.92.92.89-87-
60.62.62.~3.40.bl.16.73.ﬂl.PS.R7.EZ.82.77.82.79.77.77.77.76.79.76.77.70.82.52.23.23.12.70.82.92.92.86.40.60-
42.54.59‘57.49.55.53.6!.65.(5.59.49.t1-6‘.72.77.75.6)-51.51.18.77.77.59.63.73.E!.éT.70.70.55.91.57.52.42.62.
23.25-25.23-23.22.22.Zb.25.3l.lE.‘l.i3.67.34.32.29.28.29.28.3%.28.23.28.27.35.42.66.69.66.36.25.28.28.28-22.
l7-16.l7-17-23.25.]6.32.30.33.26.24.25.18.!7-!5.18.18.18.1E.13.18.18.20.26.25.31.25.24.13.17.18.18;18-18-20-
23.15.15.17-21.21.78.]7.62.71.%5-17.ll.lO.lO. J+ Se 9. 9. 5. 9. 9. 3.10.18,20.14.13, 9 9 9. 9. 9. 9. 9.19.
25.29.29-23.29.2?.11.[3.IS.IE.ZZ.IS. €. 6o G 6. €o be S0 €o Te 60 6a 6 8.20. €. T. B. 6o 6. 60 6o 6.20.34.
18.20.19.15.17. 3. 5, 7. 7. 5, 3. 3. €. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5., S5e¢ 5. 5. 6. 6. T, 7o 5. 5. 5. 5.12.18.
To 341017160 34 4. 4. 5. 4. o o Lo So 4e e be G. by 4 4. bs 4. 4. 4 4o 4o 4alloll. 8. 4. 4. 4. 5. 6.
4 Te Fel5. be 4. 4. be 4. 4. S, G. €e 5o e 5o be 4o b0 4o b be by b, 4o 4, Se 6o 9. Bellalle €. 4o 4o 4.
4e11.13.13. 8, S. 4. 4, 4. 4, 4. be EL13.10, 4, 4o 4l 4. 4e be be G. b 4o 4. Ge 4e 9.13.14.16. €. 4o 4. 4.
4e13.201elVe 70 40 %4 4e 4. 4. 4. 7222.28.22.13. 4. 4o by 4o 4y %o 4o bo 4o 4. e 4e 5.21.1T.11. 4. 4. 4. 4,
be 4o 9. 4. e b, 4. 4, 4. 4, 4. K. Ce Aal3. . 4. 5. 4. 4y b4s b. b, 4. 4. 4. be 4o TelTel0o 4o 4. 4. 4, &,
5¢ 5¢ 5. 5. 5. 5, 5. he 5. €. 5. 54 5. 5. 5. 5. %, 7. Se 5. 5. 5. 5. 5¢ 5 S5¢ %o %1014 S. 5. 5. 5. 5. S.
27.30430.25.16.1C4 5. 5. 5. 5, =. 5¢ %< 5. 5. 5. 5. 5. 5. %. 5. 5. 5. 5, 5. S, S. 5. 7. 8. 6. 5.18.30.30.30.
49.5l.51.40.55.59.57.55.61-6[.50.57.55.51.69.40.36.33.31.29.21.27.25.25.25.25.25.27.31.§8.38.69.‘9.69.49.69.
79.79.79.79.77.79.70.79.79.7?.79.79.7§.79.71.79.76.52.50.SC.57.59-66.67-67.67.72.7I.76.79.52.#8.48.55.72.79.
7§.79.79.79.79.79.79.79.77.79.79.79.75.70.79.79.19.?9.79.7@.77.79.79.79.79.79.79.1@.79.79.79.19.79.79-79.79-

Table A-11, Surface Albedo for November
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91.91.71.Ql.cl."l.?l.7l.°l.92.7l.GI.GI.QI.OI.QI.CI-QI.Ql.Ql.Gl.Ql.Ol.Ql
53.69.68.53.5].66.%1.86.37.Gl.02.58.EE.BZ.BR.RS.32.&2.82.82.85.34.82.95.EB.BB.89.89.73.77.59.92.92.92.53~53.
t3.65.73.72.61.76.73.7R.BO.EC.67.(3.77.50.84.92.9].74.67.67.92.92.92-72.78.39.92.80.86.86.65.52.66.60.63.63.
23.?4.37-36.36.36.37.6).30.65.50.57.55.61.62.29-34.32.34.32.61.]3.36.61.42.50.55.57.61.58.41.]2-32.32.32.27-

19.l’.l?.Z?.?6.11.3?.37.34.17.15.35.38.26.21.19.19.[9.19.19.19.19.19.24.38.40.43.35.36.23.l9.l9.l°.19.19.22.
Ew.IS.lb.IS.22.22.3).30.66.7(.69.19.12.10.10. J. 5. 9. 9. 6. 9. 9. 9.10.22.23.15.15.10. 9. 9. 9. S. $. 9.20.

25-2”.20-21.33.13.11.1?.16.13.23.lS. Se 60 64 B, 6o by 64 be Te 6. 640 6. F+2l. B. 8. 8. 6. 6. 6. €. 6.20.35.
19.23.19.17.13. 9. 5, 1. 1. e B¢ Se €e 3. 5. 5. 5. 5. S, fe 5« 5. 5¢ 5S¢ 5S¢ 5. Te 6o 7. 7. 5. 5. 5. S5.12.19.
Te 3.10417.16. 5. 4. . 5. 4. e e €u 54 4. 4, 4. 4, 4. 4, 4. be b0 be 4. by b 4.11.12, B. 4. 4. 4, 5. 6.
S Do .16, B be b 4. 4, 4, S, he 6a 5. 0o 5. 4o 4. b, 4, 4, 4. &, e 4. 4o S, € 9. Billoll. 8. 4. 4. 4.
Yallel3.13. 20 S, 4. 4. 4. 4. be 4o €o13.100 4. 4. 4. 4. &, 4. 4. Do be be b4, 4y 4 9.12.14016. €. 4o 4. 4.
“e13.21.10. 7. 4, 4. 4. 4. 4. 4. 7025.28.22.13. 4. 4, 4. 4, 4, 4. Ge Lo by b 4. be 5.20.1To1l. 4. 4. 4. 4.
b be To L. b 4. by G, 4. 4. 4. Se Se 7.12. 3. 4. S, 4, 4. e 4o b b be G0 4 4o 6160100 4. 4o 4. b4e 4.
“e te he L. b. 3. . 0. 4e 4 4. 4 4o 40 5. 5. 5. T, 6. 4. 4. 4. 4. be ba 4. b 4y 13, 4 4. 4, 4, 4. 4.
23.27.20417.12. 3, S, 5, §, e €0 5. %. 5. 5. 5. S. S, 5, e 5¢ 5. 5. 5. 5. 5. S. 5S¢ 6. B. 6. 5.13.203.20.20.
33.35-35.34.6).66.4?.41.67.45.67.66.45-k?.kl.32.25.24.23.22.2!.2l.ZO.ZO.20.20.2C.2|.26.60.30.37.37.37.36.34.
77.7?.77.77.77.77.77.77.77.77.17.77.77.77.71.77.74.48.45.44.5[.53.61.64.65.65.70.63.74.77.66.65.‘5.52.10.77.

77.?7.77.77.77.77.77.77.77.77.17.71.77.77.77.77.77.77.77.77.11.77.77.71.77.77.77.71.77.77.77.77.77.77.77.77.

1
¢51e91.92.52.92.92.92.92.92,92.92.91.

Table A-12, Surface Albedo for December
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Appendix B

Tables of Percent Cloud Cover
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36 353433 32 3130 29 28 27 2625 2% 23 22 21 2019 18 17 16 15 14 131211 10 9 8 7 6 5 & 3 2 1

023:28428.28428.28.28.28.28.28.28.28.28.2£,2A.21,29,28,28.28.28.28.28.22.28.28.2€.28.2R.28.28.28.28.28.28.28

029 78,28,28.2R028.28.20028428028428.28.2842A.28.28.28.23.28.28.2R,28,28.28.29.28.28.28,23.2R.28,2R,28,2R.2%
078478457057 632032e32032432422422432022422022422422032,72432.32032032032032022422.22032.32.78.28.28.78.78.793
©57057057e57e57057032032422432432022422422422.78473.78.73.78.78.78.73.32.32.32,32.32.32.32.78.73.78.78.78.57
©57057057452052e52452037037037.22.22.22422.73.78.70. T8, T3, TR T8, 78078 TR 67057 e57e57057e57 7872 . T8.78.78.57
052052452452452037.370370370370220220227P0eTRBe78e75T75¢7573.75075.75.63437.37.58.53.75.75.75.75.75.75.75.52
021021421421420021e37. 13012 1205€.58.75.75.75.75.75.75.43.40.40, 40, 26496458437 .40440440.40.40.4.40.75.37.37
©37.37.37.37.37.37.27.27.1301308604045005004004C04004004044C040040.R6.86.460027.27.13.27.27.86.96,86.R€,37,37
¢13613.13.40437¢37.40.40.40.8644Ce45.5C45045045045C¢50.50¢50..50050.50.5C4%40413413.40:502.53450.50.50.50+50.13
077.77.63.40037.4C0.40.40.4C,63.63.63.4Ce5Ca5Ce5Ce5C.5Ce40437e37037.37.37.37.40.40.52.52.53.63.63.42.37.43.42
044032663040682.97497097.97.40.40.82.£62.63.40.40.500650040640040040.40.40.40,40.44C450058.63.63.97.43.40.40.50

©50.37.82.82.40.40.40.40.40.40,4C¢37¢21.37482e40040040e4004CeT75.400%5¢75440.4305C253.4%040.40.5C440C.%0.4Ca5d

©75075075e75e75e75e75075275e750 7575435390290 75.75.75075.75.75075075075.75075.75.7504%029.29.75.75.75.75.75
e7le71e71e71a7la7la71laTleTle?leTl o7l eTlaTloTleTla?le?1e?loeTla?leTleaTla?lo7oT1.71.71,.71.37.71.71.71.71.71.71

..0].@3.93.93.73.03.93.93.03.03.93.93.93.93.01.03.93.93.“3.93.93.91.03.03.93.93.C3.93.93."3.93.93.93.91.03.93

0930 78,78.93. 7878493, 78,7863, T, TAL G TRLTR.D 3.7, TRL91.O3 . TR.D3.07,78,93,93,73,93,.93,78.93.79,73.93,78.78
79 TBTB.TB TR TR 78,7378, T78.78.73.70.77. 78,7372, TR, TP.TR.73.78.73,78.78.78.7R.73.78.78.73.73.78.73.78.78
T3 78.78.78.78.78078473.78478.78.79. 76, 7R.70.T8.73.78.7378.78.7%.71.T8.78, 73,7878, 7R,79,7R.79,78.TR.78. 79

B-1 Percent cloud cover for 01:00 local time for January

36 35 3% 33 32 3130 29 28 27 2625 2423 22 21 201918 17 16 15 14 131211 10 9 8 7 6 5 & 3 2 1

.32.]?-32.32.32.32.32.32.12.32.32.32.32.32.32.12.32.32.12.32.32.32.12.12-32-31.32-‘2.32-32-3?.1?.32.32.32.32
032022032032032432¢32032.32.32.32.1722.72.32.32.32.32.32.22.32.32.32.32.32.32.22.32.32.32.32.32,.32.32.32.32
0760790572570 360 26036035036036036035024024024.26.764364360430036036036.36.36024.24.26.36.36.79.32.32.79.79.77
057057057057057057036.36.36.36036026.24024426079.79¢702772.77.T79.77077,36..36436.76.35,26,36.79.72.79.79.79.57
05705705 7056056256056239.37.39.24.24.24.24.79.70,720, 70, 71,7070, 70,70, 76,63,57.57.57.57.5T.77.77.79.79.79.57
056056056056056039237039.39.10.24.24.24.79.79.79.75. 76 T6.75.76. 76 76.T74.37.37.5 16176 TA THThTHTELTELSE
2 .21.21-21.21.21a3°.15-15.15.61.61.76-76.76.76.76.7t.43.41.41.63.54.5%.51.39.4‘-43-41.6‘-43.61.41.76.39.39
037.39.39.39.39,39.45.45.15.15.54.43.04%.49.43.63.43.43.63.63.43.43054.54.463.65.45.15,45.45.54.56454.56.39.39
.15-15-15-61.19-30-k3.43.43.54.43.43.47.49.6“.&0.47.4“.#0.40.40.61.40.49.41.15.15.4!-h“.#W.AQ.QO.b"-AQ.kQ.15
eT70.70.74.63.39,563.63,43,43,74,76,74,43.6%.49.69.49,569.43439.37.39.37.30.39,43.43,60,47,47.74.746.43.37,43,43
0040260740430 3607007007C0T0e430430860740740%3.043.4M.57.43,463,47,63,43.63,.43,41,42,47,51.76.746.72.43.43.43,49
493N B6.R6.43.43.63,87.60,43.47,17.21,37.860430430600470430T00610430T746043453,665057,06,463,23,569.43,463.53,499
074076074070 eT6.T80TheToeT4eTheT4eT.8uS2030070aT0074,T0.T6uT4.T0.T0.T4.0T00ToT0,76,56,33.30,74.74.T4.74.74
0700 7CeT00T0eT007CaT007301001Ca70.70.7C7C. 7 MeTCeT0eT007)eTCeT00T70e7307CaTIaTCeTla?le?CaI7.72.73.72.73.78.73
eN%e7407407% 0% eT6.04076 0740040674 674.4540 90 ,76006,50,774.76 96,0474 7% .76 074,96 494 7% 474,76, 7474 eT2.76.746.9%
0050120320940 82002.94,82 ,82.54.92.82.54.82.02,040E2072.0.04012.9607% 082074074092, 0 76,82 .96,:12,32.74,.92,82
02.17eM2eR20R2eR2.B2eR20R2. A0 N2.02, P2 RP A2, P2, 12,1247 0 A20A2.32.90.02.02.90,P2,02,82.92,32,82,72432.32.72
082072082082 eR2N2,R2.02,92.92.82.87,R2.92,02.02,32,97eM2087002012402.024824972.42.32.92.72.12.32432.72.82.82

B-2 Percent cloud cover for 04:00 local time for January
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028:28.2R02842842R023028428.28402B42842842%028428628028428428029.28.28.20.28.2%.28.29.28.28.2842%.28.28.28.28
027 28.28.23.28.28.20.28428.23.28,28.28.28.23.20028:2R029.28428.2R.28421.28428428.23.208.28.28.28,28.2R.2R,23
¢8203206446%05005C450050¢5C25005Ce5Ca2%03%¢35.35035050050450050050053050¢50035035.35,50,50eR82e28e28.82.82.92

" e64.64.64.66.64.64.50.50.50.50.50.25,25.35,35.82.82.82.82002¢32¢92092.50¢50e56+5Ce52¢50.50,82.82.82.82.32.64
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B-3 Percent <cloud cover for 07:00 local time for January
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B-4 Percent cloud cover for 10:00 local time for January
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B-3 Percent cloud cover for 13:00 local time for January
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B-6 Percent cloud cover for 14:00 local time for January
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B-7 Percent cloud cover for 19:00 local time for January
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B-8 Percent cloud cover for 22:00 local time for January
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‘B~-9 Percent cloud cover for 01:00 local time for February
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B-10 Percent cloud cover for 04:00 local time for February

VUONOMNEWN-

z—n—r—-—.—u—-—-—-—-
AN WMEWN=-O

VNN EWN—

49



J

36 35 34 33 32 3130 9

+31,31.31.31.31.31.31. 31,
+31.31.31.31.31.31,31. 31,
1492,83,63.63.36.36.36.36.
463.63.63.63.63.63.36.36.
467.63.63.60.6C.60.60.47.
{460463.60,60.60.47.47,47.
1+33.33.33.33.33.33.647. 34,
[047047047.47.47.47.34. 34,
1234.34,364,50.47,47.50.50.
+72.72.83.50.47.5C.50.50.
+66.89.83,50,89,72,72. 72.
+59.447.89.89.50.50,50.50.
+65.65.565,65,65,65.65,65.
46506546 5. 65+ 65, 65.65.65.
93.93,93.93.93.93,93,93,
¢73.77.77.93.77.77.93. 77,
T T TT T ITL TN TT. 7T,
2 T7e1TeT7 7077777777, 17,

36 35 3% 33 32 3130 29

©¢53453453,.53,.53.53.53. 53,
©95353453.53.53,53.53. 53,
©0B840%4.65.65,50,50.50.50.
065055465.65.65.65.50.52.
e65.65,65.59,59,59,59,44.
574 5745945%.59, 46446, 46,
©¢39439,39.39,139,139,46.45.
066046008040 ,606.40,41.41,
¢43.45.,45,53,46,46,53,53,
e76.76eRB.53.46,53,5131.53.
¢52. 17,88,53 ,R9,76,76,7¢,
0h2e46e89.89.53.53.53.53,
262.60.60.6).60.60.60,62,
e7Ve72e73473.73.73.73. 73,
«71.71,71.91.91,.61,91,.91,
e1eTTeTTe91e77:77.91.77,
0777707777777 7.77.

28 27 2625 2223 22 21 201918 17 16 15 1% 131211 10 9 8 7 6 5 & 3 2 1

31.31.31.31.31.31.31.31.31.31.31.31.31.31.31.3l.31.31.31.31.3[.31.31.31.31.3[.31.3[
31.31.31.31.31.31-31.31.31.31-11-31-31.31.31.31.31.31.31.31.31.31.31.31.31.31.31.31
36.36-36-36.35.]5-35.35.35.36.16.36.36-36.36.36.36.35.35.35.36.36.53.31.31.83.83-83
36.36.16.35.35.35.35.83.33.83.33.83-83.83.93-36.16.36-36.35.36.36.83.83.83.83.83.63
47.41.35.35.25.35.76.76.76.76.76.76.76.76.76.76.65.63.63.63.63.63.76.76.76.16.76.63
47.67.35.35.35.76.76.76.75.75.7<.75.75.75.75.83.47.67.63.63.75.75.75.75.75.75.75.60
]4.34-63.63.75.75.75.?5.75.75.50.50-50.50.50-5C.53.47.50.55.50.50.50.50.50.75.67-47
34.34.EC.SG.SE.SS.SC.SO.SS.SC.30.5C.5C-50.52.%5.50.14.34.36.1%.34.50.50.50-50.47.47
50-50.50-53.5E.SR.5R.58.58.59.59.58.58.53.58.58.50.34.34.53.58.58.58.58.58.58.58.34
50.83.EB.BS.EC.SB.SS.SE.53.58.53.47.47.47.47.k7.47.50.50.58.58-58-83-33.50.47.50.50
72-50-50.89.83.R3.50-50.58.SP.SC.SC.SG.SO.50-53-53.53.50.58.84.83.33.72.53.SD.SC.SB
50.50.50.47.?3.47.89.50.50.50.50.50.65.50.50.65.50.50.58-58.66.53-50-58-50.50.50.53
65.65.65.65.EE.SR.41.65.65-65.h5.65.65.65.65.65.65.65.65.65.66.63.%3.65.65.65.65.65
65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.65.67.65.55.65-65.65.65
93.93-03.03.03.73-03.03.03-93.03.93.93.93.93.93.03.93.93.93.93.33.03.03.93.93.93.93
7?.93.77.77.?3.77.77.03.17.77.93.03.77.93.03.77.03.93.77.“3.QJ.77.03.77.77.93.77.77
77.77.77.77.77.71.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77
77.71.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77.77-77.71

B-11 Percent cloud cover for 07:00 local time for February
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B-12 Percent cloud cover for 10:00 local time for February
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B-13 Percent cloud cover for 13:00 local time for February
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B-14 Percent cloud cover for 16:00 local time for February
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B-15 Percent cloud cover for 19:00 local time for February
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B-16 Percent cloud cover for 22:00 local time for February
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B-17 Percent cloud cover for 01:00 local time for March
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_ B-18 Percent cloud cover for 04:00 local time for March
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B-19 Percent cloud cover for 07:00 local time for March
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B-20 Percent cloud cover for 10:00 local time for March
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B-21 Percent cloud cover for 13:00 local time for March
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B-22 Percent cloud cover for 16:00 local time for March
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B-23 Percent cloud cover for 19:00 local time for March

'36 353433 32 3130 29 28 27 2625 24 23 22 21 20 1918 17 16 15 14 131211 10 9 8 7 6 5 4 3 2 1|

.37.17.37.37.37.37.37.37.37.37.37.3’.37.37.37.37.37.37.37.37.37.3’.37.37.37.37.37.37.37.]7.37.31.37.37.37.37
.37.37.37.37.37.37.37.37.37.37.37.37.37.17.37-37-37.37.37.3’.37.37.37.37.37.37.37.37.37.37.37.37.37.37.37.31
.ﬂé.16.57.57.42.62-%2-42.62.42.42.42.36.36.36.36.36.42.42.42.42.42.4?.4?.42.16.16.36.42.42.36.37.37.56.34.36
.57.57.57.57.57.57.62.67.42.42.42.36.36.?6.36.64.“4.Q4.34.R4.ﬂ4.84.q4.47.42.42.42.42.42.42.86.8‘.34.“4-34.57
.57.57.57.43.43.43.63.35.35.35.36.36.36.16.5:.85.80.QC.BC.HO.SC.Qﬁ.ﬂC.ﬂC.54.57.57.57.57.57.95.30.RO.RC-50.57
.41.41.41.43.43.35.35.15.35.25.36.36.16.HC.PC.HO.78.78.7“.70.78.7q.7ﬂ.ﬂl.35.35.63.“q.74.75.73.73.78.TR.78.43
.35.35.35.35.35.]5.35.23.?5.25.43.43.79.7@.78.79.78.’8.41.48.48.41.<2.52.46.35.4E.49.44.4P.68.41.43.75.35.35
.3,'-.15.35.35.1‘1.35.23.20.2').25.‘,?.’v’l.47.67.4!‘1.4:\.43.48.'0“.48.“?.68.52.5?.kﬂ.?u.2‘3.25.22.23.’»2."2.52-52-35.3q
o25;75-75.64.15.35.68.4%.4ﬂ.52.49.4%.47.47.47.47.47.47.67.47.57.47.67.«7.45.25.25.4“.47.67.67.67.47.47.67.25
.76.?4.?1.4ﬂ.35.41.43.4ﬁ.4ﬂ.ﬂ1.ﬂl.ﬂl.48.47.67.47.k7.47.4ﬂ.15.35.35.15.35.35.6“.45.“7.47.#7.21.81.43.35.68.6“
045067 31048.07,74.T4.T4, e AR 269 P LN ab RN, 4T, 67,43 4R HALLALARLLR A48, 00,469,647 ,.64.0],3]),T4.48, 4R 4RGT
.67.35.60-69.43.48.49.4".4“.4".4“.]“.BE.JS.Aﬁ.hﬂ.aﬂ.4R.4ﬂ.4ﬂ.62.;ﬂ.6F.62.48.4B.k7.67.4;.43.64.41.&3.49.48.47
0020570 0620820620620620020020€2062062.75.025.20,6062067. 10 b2 0h20h2082002062062.02.62,45.027.29,62.02.62.52462
.77.77.77.77.77.77.77.77.77.’7.’7.77.77.77.77.77.77.77.77.77.77.’7.77.77.71.77.77.77.77.35.77.77.77.77.77.77
.46.lé.?(.ﬂf.RL.86.36.QA.R6.96.RG.36.Eé.ﬂh.ﬂﬁ.ﬂh.Bb.?h.)ﬁ.ab.ﬂb.“h.lh.lh.ﬂh.Q6.F6.Rh.qh.ﬂ&.qh.ﬂb.36.86.46.56

--ﬂb.YS.RT.ﬂb.13.83.56-%1.81.36.ﬁ1.ﬂ3.66.J1,R1.86,31.R1.lh.Rh.ﬂ1.ﬂb.1u.13.nﬁ.qh.n1.ﬂb.Hh.ﬂ).ﬂb.qi.ﬂ3.ﬂh.8).ﬂ1

.Fl.1\,“3.81."3.83.R1-8}.R1.F3.ﬂ3.n1-93.31.n1.ﬂi.33.33.“.33.83.43.ll.ﬁ3.03.83.RB.R?.S).%B.&].*S.93.33.33.8‘
.3l.JJ.RJ.ﬂ).ﬂl.ﬂ].ﬂ].ﬂ3.8‘.83.ﬂ1.ﬂl.F1.ﬂ1.RJ.ﬂ3.ﬂ}.°3.1l.ﬁ1.91.w1.ﬂ1.13.q1.1].43.05.R}.83.R1.21.ﬂ3.RB.QJ.QJ

B-24 Percent cloud cover for 22:00 local time for March
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B-25 Percent cloud cover for 01:00 local time for April
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B-26 Percent cloud cover for 04:00 local time for April
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B-27 Percent cloud cover for 07:00 local time for April
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B-28 Percent cloud cover for 10:00 local time for April
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B-29 Percent cloud cover for 13:00 local time for April
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B-30 Percent cloud cover for 16:60 local time for April
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B-31 Percent cloud cover for 19:00 local time for April
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B-32 Percent cloud cover for 22:00 local time for April
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B-33 Percent cloud cover for 01:00 local time for May
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B-34 Percent cloud cover for 04:00 local time for May
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B-35 Percent cloud cover for 07:00 local time for May
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B-36 Percent cloud cover for 10:00 local time May
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B-37 Percent cloud cover for 13:00 local time for May
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B-38 Percent cloud cover for 16:00 local time May
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B-39 Percent cloud cover for 19:00 local time for May
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B-40 Percent cloud cover for 22:00 local time May
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B-41 Percent cloud coyer for 01:00 local time for June
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B-42 Percent cloud cover for 04:00 local time June
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B-43 Percent cloud cover for 07:00 local time for June

36 3534 33 32 31 30 29 28 27 26 25 2423 22 21 2019 18 17 16 15 14 131211 10 9 &8 7 6 5 & 3 2 1

e81.81.81.81.32.11.8 W51.R1.81.71.01.01.981.82,21.31,31.51.081.81.81.81.81.81.81.P1.81.81.81.81.81.81.81.81.81
.81.31.51.81.81.81.81.91-81-81-31-81.El-ﬂl-al.nl-el.sl.ql.ﬂl.ﬂl.ﬂl.al.ﬂl.81.81.81.81.81.81.81.81.81.Rl.Bl.Bl
.03.03.6C.6:.57.57-‘7.57.‘7.57.§”.57-7C.7:.7C.75.70.57.57.57.57.57.57.57.51.70.70.70-57.57.93.Rl.81.93.93.93
0630 50e68.60.6Ce6C057057.5705705T0T5e7CeT3eTCo03093.93093.93.93.93.93.57.57257257.57.57.57493.93.93.93.93.60
_53.5;,6;.31.37,31.37.27.?7.27.’C.73.7:.73.8:.RC.aO.SC.ﬂJ.RC.BD.RQ.80.30.46.60.60.60.60.69.83.30.80.80.80.60
037037037.37,37.27.27027.27.2747507207Ce83eBCeB0e86eRE A6 eR6.86.86436.31.27.27.55.55.86.864.96,86,8h,86,96.37

212422612612412.12.27.8%.89.P9.¢ 2E5 D0 B8608609608605T7¢570570570T2.72.74.27057457e57:5T7.57.57.57.86.27.27
.27.37.27.27.?7.27.83.91.99.99.72.5’.F4.34.51.57.57.57.57.57.57-57.72.72.57.83.83.89.83.83.72.72.72.72.27.21'

57 890890657 e0T027057057e57e72¢57e57ef4.8408%0 844840 036,04.84,84.84034,84,57.89,89.57.84.84.84.84.84.R4.04.89
6706703105702 7057257057057031,31.31257084084004084004057027:27027027¢27:27057.57.84.84.84431.31.57.27.57.57
-52.53.31.57.53.67.67.67.67.57.57.53.31.31.‘7.57.84.“4.57.57.57.57.57.57.57.57.57.8&.41.31.31.67.57.57.57.86
.86.27.53.53.57.57.57.57.57.57.57.27.12.?7-53-57-57.57.57.57.71.57.57.71.57.57.84.84.52.57.57.84.51.57.57.86
-71.7!-71-71.71.71-71-71.71-71.’1.71.64-64.6?.7l.71.71.71.7l.71.7l.71.71.71.71.71.71.52.62-62.71.71.71.71.71
o The TE T T aThaTlaT60T00760TCTE T00T€,700T60T60T60TE0TboTETEeTOHTEeT6eT62T6076.76076427.76,76.76.76.76.76
Ble 10340 B%eV%00%0840eB8heN%afbe AteboalleREsB4,R4,806.%4,04,R4.84,R0,84.84,84.84,84,84,84,84.84.84.86.R4.84.84

.Rb.36.36.54.35.36.84.36.36.94.36.36.84.36.36.“4.36.36.Rk.84.36.ﬂk-84-36.86.24.36.86.64.36.84.36.36.86.36.36

.36-36-36.36-36.36.36-36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36

236036036036.36.36.36036.76,26.36.36,36,36,36,36,36.30.36.36+3636036036¢36236036:364¢36436036436436436.36.36

B-44 Percent cloud cover for 10:00 Jocal time for June
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B-45 Percent cloud cover for 13:00 local time for June
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B-46 Percent cloud cover for 16:00 local time for June

—0 NN EWN -
o

—
—

Koo = e e e
BN MEWN

NDOONANE N -

[
o

0L



J

36353’&33323!3029282726252142322212019[817!6]5101312“lO987650321

.77.19.77.70,7ﬁ.70.70.7”.70.70.7“.?ﬂ.7ﬁ.7¢.7ﬂ.7W.70.70-7“-7”.70.7“.70.7¢.7Q.7Q;79.70.79.70.79.70.79.79.7Q.70
.10.70.79.70.70.79.70.70.70.70.7%.70.70.70.70.70.70.79,70.7".70.79.70.7Q.70.70.79.79.19.79.70.10.79.79.79.70
.9?.0?.55.55.64.64.04.64.64.(4.64.64.(4.hk.04.hh.hk.04.uk.hﬁ.ﬁé.bé.ué.hk.bh.bk.64.6&.&&.64.“7.79.79.42.02.02
£55.WS.SS.SQ.ﬁ“.ﬂs.h@.bk.hk.hé.bh.bk.l4.64.64.07.02.09.q?.nZ.0?.“7.“?-64.64.64-64.b4.bk.hk.02.9?.02.92.02.55
.55.55.55.31.11.31.31.2L.?(.7!.th.bk.(4.b4.77.77.77.'7.77.’7.77.77.7?.77.47.55.55.55.55.55.77.77.77.77.77.55

e21.31.31.31.31.2 .?6.?u.?6.26.&4.64.(4.77.77.77.ﬂ6.qb.ﬂh.ﬂb.%h.ﬂﬁ.ﬂh.be.?h.?b.kb.kb.ﬂb.nb.ﬂb.Hb.ﬂh.Rh.qb.Bl:

«06. JS.3 .Cq.OQ-QC.?h.“qoqq.Pq.hé.hb.Fb.ﬂﬁ.ﬂb.ﬂb.ab.R(.Lﬁ.(5.L5.b5.75.75.bh.Zh.65.65.65.65.65.65.64.ﬂb.?b.?b
.25.?6.26.2h.26.?6.74.74.89.85.73.6G.EP.F].65.65.65.65.65.65.65.65.75.75.65.74-76.89.76.74.75.75.75.75.?b.Zb
.80.30.?9.65.26.?h.b5.65.65.75.65.65.!".5%.80-Rﬂ.85.RE.RR.PR.RB-Rﬂ-R1.Fﬂ.65.qq.ﬂ”.bS.Rﬂ.ﬂﬂ.BR.Rﬂ.ﬂq.”“.“ﬂ.qq
.72.7?.60.65.2(.LS.L5.65.65.bG.éO.LG. E.HH.RH.QB.RR.HP.éﬂ.?(.26.?6.2b.26.26.65.f$.ﬂ8.ﬂﬂ.ﬂ§.60.60-65-2&.65.65
.52.51.60.65.51.7?.72.7?.7?.65.65.51.LG.&O.bS.bG.98.33.6%.65.65.65.65.65.65.65.65.88.45.60.60.7?.6%.65.65.88
.81.2&.51.51.55.65.05.65.65.65.63.26.C1.26.51.69.65.b5.65.65.72.65.65.72.65.55.88-82.52.65.65.Rﬂ.65.85.65.ﬂ8
.72.7?.12.72.7?.72.72.72.72.’2.72.72.48.43.53.72.72.72.72-72-72.72.7?.7?.72. 2eT2.72.52.53.53.72.72.72.72.72
.33.13.ﬂ3-83.83.33.p1.83.63.83.83.33.F3.8].81.81.a3.83.33.ﬂ3.83.ﬂ3.83.21.83.53.53-83.83.26.83.53.83.ﬁ3.31.ﬂ1
.Bl.ql.al.ﬂl.11.31.“!.“1.”1.“1.?1.81oFl-ﬂl.ﬂl.Rl.ﬁl.al.Rl.ﬂl-Bl.ﬂl.ﬁl.81.61.81.“l.Rl.ﬂl.ﬂl.ﬂl.ﬂl.ﬂl.ﬂl.ﬂl.ﬂl
.91.16.36.81.3(.16)91.36.?6-B1.36.36.°1.36.36-31.16.36-31.”1.36.51.31.16.91.51.36.81.81.36.31.16.36.ql-}b.lb
.36.16.16.36.36.36.36.36.3L.36.?&.36.36.?6.36.36o36-36.36-36.36-36.35-36.36.36.36.36.36.16.36.36.35.16.16.3%
o36-16-36.36.16.3@.36.36.3(.3b.36.36.36.36.3h.36.36.3(.36.36.36.36.36.36.36.36.36.36.36.36.36.36.36.16.36.1!

B-47 Percent cloud cover for 19:00 local time for June
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B-48 Percent cloud cover for 22:00 local time for June
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B-5% Percent cloud cover for 16:00 local time for July
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B-55 Percent cloud cover for 19:00 Jocal time for July
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B-59 Percent cloud cover for 07:00 Jocal time for August
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B-60 Percent cloud cover for 10:00 local time for August
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B-61 Percent cloud cover for 13:00 local time for August
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B-62 Percent cloud cover for 16:00 local time for August
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B-63 Percent cloud cover for 19:00 local time for August

36 3534 33 32 31 30 29 28 27 26 25 24 23 22 21 201918 17 16 15 14 131211 10 9 8 7 6 5 4 3 2 1

e T8, T T8, 78.7%.78.78.73.78.78.78.78.78.78.T78.78,78.78.7%.78.78.78.78.T78+78.78+78.78.7%, 78,78,78.7R.78.78.79
¢T3 7678 7ReTBeTReT8eTATA TR TRBeTRTRLT B, T8 TBoTB TR TR TBLTAR TR TR TRBLTB.T7B8.T76.TRLTB.T3,78,.78,78.78.78.7R
09207243131 460.63.0CebLobCalCa00.60043.43.43.43.43,.60060e60e¢65060060060060043042443.606035.92.78.79.92.92.92
©31.31.31.31.31.21.6006006026Ce063e43043443043.92.92.92.92.92092092.92.60.60460463.60060.62.92,92.92.92.92.131
©31021431653.58458,58405405005043443.43043.73.73073.73,73.73e73.73.73e73024031231431431631.73.73.73.73.73,31
©58.58.58.58,58.05205005e050C5:4343243.73.73.7306726T067067067067067020405.05630e30.67067.67.67,67.67,67.58
e0TelT.C7e070CT0C70C50 730730730 3003007067067 e6T067067,.58,58458058687e87666e05¢%8:58¢50:.58458.58,5B.67.05.05
00503%.55,05.05,05:P5e85.73.73.87258.5C250058458458.58.53e58458.58.37.87.58.85.85.73.85.85.87.87,.87.87.05,9%
©73.73.73.58.05.05.58. 532580872 58053.5029849Ce90.90.9Ce90490.9Cc 9029 290458e73:73¢58.90:90+90+90.90.92.9C.73
0370374204584 C5.5%2.58.58.5R2Ce20e2Ce2809009Ce 90290090 e58405.05¢05¢05¢05¢05¢58e58490¢90690420.20458.05.58,5R
047422420058422437237.37e37.58.58422.20420053:58.90.96458.53,58, 58¢ 58¢58.58:58.58.90+42+20.20437.58.58.58.9C .,
090.05.22.22.58.58,58,50¢580 £8e5Re05e(70C5+422458.58058458458476058458e76.58.58.90.92.47.58.58.90.58,58.58,90 !
0T6eT6eTCeTOETE aTETbeTHeTbeTleTEeTE440440530T60T60T600TOEeT6TOLTOLTOeTEeTEeTOHTOTS e4Te53e53e76276.T76.76.76
«23,93,83.83,83,83,83,83.83.03,83.83.F3.83.083.83.83.83.83.83.83.83.83.83.03.83.83.83.83.05.83.93.83,83.83.83
@830 83¢80e8e 8L RL.B8CaBleA0.FALoBla8I,AC.R0.80.80,8C.8(.30.83.80,RC2,380,82.80.80.,80.R3480480.80.90+82.80.80.80
.80-33.30.83.30.30.50.33.30.FC.30.30.80.30.30.80.30.30.80.80.30.80.80.30-80.80.36.90.80-33.90.30.30.80.30.30|
©3062Ce30e30.3C.30.30.3043C.2C430.33.3C233.3C43043043C.33.3C4330430.730.3C.30.35.30.30430.3043030.30.30.30.30
©30.30.30.33.730.30.30,32.3C.3C.3C+30¢303Ce30e37230430432230¢30430430430430+30¢30430433432.30430430+30.30.301

B-64 Percent cloud cover for 22:00 local time for August
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B-66 Percent cloud cover for 04:00 local time for Sept.
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B-67 Percent cloud cover for 07:00 local time for Sept.
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B-68 Percent cloud cover for 10:00 local time for Sept.
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B-69 Percent cloud cover for 13:00 local time for Sept.
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B-70 Percent cloud cover for 16:00 local time for Sept.
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B-71 Percent cloud cover for 19:00 local time for Sept.
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B-72 Percent cloud cover for 22:00 local time for Sept.
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B-73 Percent cloud cover for 01:00 local time for Oct.
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B-74 Percent cloud cover for 04:00 loca! time for Oct.
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B-75 Percent cloud cover for 07:00 local time for Oct.
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B-76 Percent cloud cover for 10:00 local time for Oct.
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B-77 Percent cloud cover for 13:00 Jocal time for Oct.

36 3534 33 32 3130 29 28 27 26 25 24 23 22 21 2019 18 17 16 15 14 131211 10 9 8 7 6 5 & 3 2 1

e TB.T78eT 8. TR TR TP T8 78T 0 2,783,718, 78,7807 TE T8, TRTR TR TR.TB.T8.7P.78.7B.78.78.78.78.78.78.78.78.78.78
0730 T 0T BeTRe TR TS0 T8¢ 7307 % 7807007307873 76.78478.78.73.78.73.78.TR.78.78.78.78.78.78.78.78.7R.78,7R.78.74
e85 85.46.66.T71.73.73.73072.72,73.73.4€6.660460460466073.73.73.73.73073.73.73046.46.46.73.73,85.78.73.A5.85,8%
bbbl B0bE HL b6 TIeT3.730730T7306604€04b05heB5.E5.85.05.65.85.85.35.73.73.73.73.73.73.73.95.85.85.25.35.46
6060660310313 1031048%046.4404860400460460TTeTT0TTeTT T iTTeTTeTTeTTeTTal604604604b046046.TTeT7T077.T7TeT77446
©31.31031.31.31.%%0856.0600848004,000460460T770T7TeTT062000060060060060060e7104%046241041.6026)460.60.60,60,60,31-
0056350056050 5005.44023090000.41e81.6C.6306C.60060e60.51251051051aT12710b6104%051251051251e51051051.60.440441
e b, lbeb6 bk 66.83.83.50.5C0T10e5106108105224510452052651e51051a51aT1071e51083.83.90.83.83.T71.T1.T71071044.44"
©9349029C e51044044.51251¢51071051051.F1.31.R1.81.81,81.531.81.81,81,81.81.51.96256.51.81.91.81.81.R1.81.81.90]
.56.56.71.51.44.5!.51.51.5!.71-’1.71.51-ﬂ1-51-81.Hl.ql.51.44.64.66.66.44.4&551.51.81.81.51.71.71.51-64.51.51g
e6Te6FeT 1051 0h0.585,56055456051051e69¢712710510051092081251051251050051251e51051e51.8130.71471e56051051451.81;
081064.69.59.%1.51.51e510510%1051.46.05.44069.51452.52251051473.51.51.73.51.51.81.81.47.51.51.81.51.51.51.81,
eT3e 730730737 T30 730 730720 7307307304 7047062.73073.73.73.73.73073073.73.73.73.73.73.467.62462.73.73.73.73.73
08302080 B0 R0 P, 80,92, ., FLe8le9Ce%0432082:824804804322RC+B0.90.R0.30.80.80.80.8).80.44.80.80.80.80.80.80
«88.38.38.83. 89,028,783, 3,72, 03.35,38.£€.A2.R3.88.83,856.%3.,04,33.89,A3,83,83,88.R8.93.88.88.88.88.08R.8R.08.88
e83.4R.483,88.40.62,88,43,43,098,48,48.68.043.408.88443.4R.33.R5.43.8R.R8.4R.88.88.48.88.8R.,48,08.48.,48.88,48.48,
e leP il Feb B bl aiPebBabT10b80b8090,4B,4B LR 4T60,48.4P,48,48,438.048.68.48.48,48,48,48.48.48.4B.4%.48.48.4R.06%
-43.48.48.48.4”.43.45.‘3.4‘.68.48.48.4’.4“.6%.68-48.%8.4“-kﬁ.kJ-kR.ha.48.48.&8.48.48.48.68.46.48.4ﬂ.48.48.4&l

B-78 Percent cloud cover for 16:00 local time for Oct.
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B-79 Percent cloud cover for 19:00 local time for Oct.
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B-80 Percent cloud cover for 22:00 local time Oct.
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B-81 Percent cloud cover for 01:00 local time for Nov.
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B-82 Percent cloud cover for 04:00 local time for Nov.
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B-83 Percent cloud cover for 07:00 local time for Nov.
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B-84 Percent cloud cover for 10:00 local time for Nov.
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B-835 Percent cloud cover for 13:00 local time for Nov.
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B-836 Percent cloud cover for 16:00 local time for Nov.
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B-87 Percent cloud cover for 19:00 local time for Nov.
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B-88 Percent cloud cover for 22:00 local time for Nov.
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B-89 Percent cloud cover for 01:00 local time for Dec.
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B-90 Percent cloud cover for 04:00 local time for Dec.
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B-91 Percent cloud cover for 07:00 local time for Dec.
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B-92 Percent cloud cover for 10:00 local time for Ded
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B-93 Percent cloud cover for 13:00 local time for Dec.
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B-9% Percent cloud cover for 16:00 local time for Dec.
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Appendix C
Computer Program for albedo: AVALB
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- AVALB.

| REAL LAMBDA»MS ,
......... —DIMENSION -AC12536718)9C(12+367.18)s0(12+36+18)sNCR{3E218) s
3 1 FC(8r29512)yRA(29) yNI(12,36718) yAE(12518) yE(12+36,18)
3.2 2 IE(12,36518)yAEV(12,18)DEV(12,18) .. . _ B
| 4 DATA A/7760%0,0/yNCR/6ABX0/ yPC/2784%0.0/ » AEV/216%0 . 0/9DEU/"16*0 0/
| 5. i DATA RA/+6259 +A42596X 694X ,8592%14549292X,8592%,78» .85y - B
é
6
8

|
to -

) ;1 1.05.82y,85r4%1,92%,78/
5 REALIM105100)- ¢ (CACLrdsKirI=1512) y J=1536)sK=1,18) —
READ(0»99) ((NCR(JsK)sJ=1,36) sK=1,18)

? - READ(15y98) (((PC(LTsNTsN)sLT=1+8) ¢ NT=1+29)sN=1,12) - _ . . .
11.05 3 DO 4 I=1,12 :
11.1 DO 4 J=1,36 . S IEER I A S

11.15 DO 4 K=1,18

11,2  C(IsJdsK)I=0.0_ - S —_

11.25 ND(I»JsKI=0 '

11.3. . D(XsdeKI=0.0
11.35 IE(IyJsK)=0

11.4 ECIyJdsKI=0.0 . A el
11.45 4 CONTINUE

12 NALE=0
13 VALE=0
14 . . USPC=0 . . . R - S e
14,2 WRITE(6+97)
14.4 READ(55101) IsNsNIsGLCLC. | A e
15 DO 20 LM=1,8
16 _SSLON=(LM~1)%45, .
17 SPC=0
18 SUM=0, S S e
19 IF(N.,EQ.1) DELTAS=-20,08 |
20 IF(N.EQ.2) DELTAS=-10,83 - . U
21 IF(N.ER.3) DELTAS=-00.08

22 IF(N.EQ.4) DELTAS= 11.58.. __. . . _ ... |
23 IF(N,EQ.5) DELTAS= 20.03 |
24 IF(N.EQ+6) DELTAS= 23.45
25 IF(NJEQ.7) DELTAS= 20,63
26 IF(N.EQ.8) DELTAS= 12.38
27 IF(N.EQ.9) DELTAS= 1,02

—— 28 IFANJEQ.10)} DELTAS==11,42 . . ... ... .
29 IF(NJEQ.11) DELTAS=-19,75
30 IF(NJEQ.12) DELTAS=-23,43
31 DO 10 L=1,18

. 32 THETA=5 . k(L-0.5) | .

. 33 MS=0,7213~2,180E-09KXTHETAX¥4~4 . 941E-13XTHETAXXS

34 __AS=0. 0483+14087E ~OSKTHETAXX2~2,219E~09KTHETAXKA+E  226E~-13
- 35 1 XTHETA%%4 - -

36 DO 10 M=1,72
37 ALPHA=5, X (M-.5)
38 TH=THETA/S7.29577
39 AL=ALFHA/57.29577 - -
40___ .  DEL=DELTAS/S57.29572 . . ... e
41 B= ARSIN(SIN(DEL)*COS(TH)+COS(DEL)*SIN(TH)*CUS(AL))

' 42 BETA=357.293578%B S
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43 EFPS1=SIN(AL)XSIN(TH)/COS(B)
43,2 EPS2=(COS(TH) - SIN(DEL)*SIN(B))/(COS(DEL)*COS(B))
43.4 HS=ATAN2(EFPS1sEFS2) _
. 44 __ . HOURS=52.29578%HS et e e e e
45 ‘ LAMBDA=SSLON-HOURS .
44 ? IF (LAMBDA.GT.360.) LAMBUA=LAMBDA-360. .
47 . IF(LAMBDA.LT.0) LAMBDA=360.+LAMBIIA
48 | K=IFIX(9.999999- ~BETA/10.)
49 . J=IFIX(1.000001+LAMBIA/10.) .
50. - NT=NCRAJ#KY - - — . S
51 © TLS= 12.+HOURS/15.
53 ; IF(TLS.GT+23.5.0R. TLS.LT.~.5) LT=1 : . IS
54 IFC(TLSGE+2.5.AND:TLS.LT,5.5) LT=2
56 IF(TLS+GE+8.5,AND.TLS.,LT.11.5) LT=4
852 . IF{TLS.GE+11.5.AND.TLSLT+14.5)- A T=5 . — —
58 IF(TLSGE+14.5.,AND.TLS.,LT.17.5) LT=6
59 IFCTLS«BE«17.5.ANDTLS.LT.20.5) LT=7 . . . = i e e ——
60 IF(TLS.GE.20,5.AND,TLS.LT.23.5) LT= 8
6041 IFC(KeLT+14+.0R.KeGT+15.ANDACI»drK) 46T 314) GO TD.8. e e
60:2 IF(K.EQ+3.AND.A(I»JyK).GT:+21.) GO TO 8

_-*.60;3__ﬂn"IELK&EQ&3»AND4ALI:J®Kl+GT 14,) GOT0.5 . .

w«_——-éﬂ-&'?.f o2 _JNEL19.0R.JLNEL20) . BO.TO.5 . e

6044 - IF(KJEQ+4.,AND.J.NE.2,0R.J NE.3.0R+J.NE+4.0R+J+NE.S5.0R, JoNEi14

60,5 1 +OReJsNE+¢15.0R«JNE:16:+0RvJNE+17.0ReJNE18.0R JNEC1940Rs .o
60.6 2 JNE«20.0R+J+NE:+21,0R«JNE.22) GO TO 5

60.7 IF(K+EQ.S+ANDJoNE+2:0R: e NE.3:0R«JNE+4.0RsJ.NE.S5.0R. J N S
50.8 i JOR+JeNE+14.0R+J'NE15.0R«J.NE:16:0RJiNE.17:0R+J+NE+18.0R.

61 IF(K+EQ.6+AND.ACI»JyKIiBT.9+) GO TO S
61.1  IF(K.EQ.7+AND.ACI»JyK).6T+8.) 6O TO-5 . . = e
61.2 IF(K.EQ.8:AND.A(I+J»K):GT:+84+) GO TO S
61.:3 IF(K.EQ.P+AND.ACIrJJ»K)+GT+7:+) GO TO S5-.. . . o e
61.4 IF(K.EQ.10+.AND.A(IyJsK) +GT:74) GO TO 5
6145 IFC(KEQ+11.ANDLACT s Jr K} BT+ 24)- 6GO-TQ-5—
61.6 IF(KEQ+12,AND:ACIsJsK)+BT+8:) GO TO S
61.7 IF(K.EQ.i3.AND.ACIsJsK).BT.9.) GO TO S e o
61.8 IFC(K.EQ:14.ANDVI.EQ.6+0R+IEQ.7) GO TO 5
63 CCIsJdrKI=CACT s JsKIRC 03+:8630/C1+0C(1.47-TH)/+15)%%2))/.1065-
64 i XMSHAS)IKRC1-PCC(LTsNTsNIKBLCLC/60)+79:7%{1=:176%COS(TH))
&5 2 KPCI(LTsNTsN)XRA(NT)IXGLCLC/ &0
66 Go TO 9
&7 5 ClIsdsK)=CA(IrJoKIK,A58K(1=COSCTH)XALOG{14+1/C05(TH))) /41874
468 1 XMS+AS)IXL1-PC(LTsNT»NIXGLCLC/&0)479: 7*(1—.176*CUB(TH))
69 5 XPC(LTsNTsNIXKRA(NTIXGLCLC/40 -
70 GO TO ¢
P B O dr KIS (AT Jr KK+ 797K (L= 1 74KCOBLTHI I /07035 — — — — o —— 7
72 1 KMS+AS)IK(1-PCCLTINT/NIXGLCLG/60)4797%(1~ .176*CDS(TH))
73 2 *FC(LT;NT;N)*RA(NT)*GLCLC/éO
74 b CONTINUE
74.:2 DCIsJreKI=D(IsJrKIHC(IsdrK)
74.4 NDCIpdeK)=ND(IsJyKI+1 : _
95 . SPCESPCARCALTNTsNIRSINCTHY o
76 SUM= SUﬂ+C(I;Jrh)*SIN(TH)*COS(TH) .

7605 IF(NIEQ.1) GO TO 10
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‘yF6.292Xy

76.2 WRITE(A293) LvNrBETAyLAMBDAyKrJ!TLS!LT!NT:A(I1J9K)rC(IvJyK);

76.4 1 PCCLT+NT»N)sNDC(IyJyK) — - —_—

76.5 10 CONTINUE
e P —- -SSPC=5PEX+001212034%XGLCLEGA60-

78 ALB=SUMX,002424068

79 IF(NI.EQ.0)- GO TO 19 S B

80 WRITE(6,102) IrDELTASvSSLONvALBrSSPC

.81.. - 19 NALB=NALB+1... - - S —

82 VSPC= USPC+SSPC
83 20 VALB=VALB+ALB———— —— -

84 AVALE=VALB/NALB ,

85 ... . AVRLC=VSPC/NALR s e e e

86 WRITE(62103) AUALByhUP

86.1 N0 50 K=1»18 . .. - e
: 846.2 D0 50 J=1,36
L 88,3 ] IE(D(Ir s K)+EQ+O0. ) GO -TO 40—

86.4 E(IyJrK)= D(IvJ!K)/ND(IerK) '

86.41 .- .. GO TO .50 - - - - e e e e

86.42 40 E(IsJeK)= D(IerK)

86,422 50 IE(IsJryRKI=E(I»JsK)

86.4246 IF(NI.EQ.1)Y GO TO &0
—  Bbv 4l —————WRITEL S99 ) LIEA T+ IO v =1 936 ) K=1 v 18

86.45 WRITE(6993) ((ND(IerK)vJ 1,36)rK=1+18)

846.48 60 DO 80 K=1+18 - - - e e e e = s

86.33 S=0.

86.54. NE=0 - SO,

86.58 Do 70 J= 1!36
B e IFLELT s R ) NE O ) NE=NE+L- .-

86.63 70 S=S+E(I+J»K)

86.65 IF(NE.EQ.,0) GO TO 79 - - - I

86.48 AE(IyK)=S/NE '

86.681 ; GO TO 80 e

86.682 79 AE(I+K)=0,
—— —86.685-»——80~ GCONTINUE. - — - S — — -

86.7 URITE(6!104) (AE(I!K)!K 1,18)

86.702 IF(I.NE.12) GO TO 90 -

86.7095 WRITE(6y111) ((AECIYyK)yI=1512)sK=1,18)

86.706 READC19¢112) ((AEV(IsK) »I=1+12)yK=1518)

86.707 N0 89 K=1,18

865208 - - DO -8P-I=1sl2 - e e e

86.709 89 DEV(IsK)=AEV(IsK)- AE(I!K)

86.71 WRITEC(S6s111)((DEV(IsK)»I=1912)sK=1»18)

86,711 90 CONTINUE

86.72 23 FORMAT(’0’+3613)

86.8 95 FDRMAT(21372F7.27213!F7.~121373F7.L9I3)
87 . . 97 FORMAT(’O ENTER-IsNsNIs+BLOLGS Y o —ooee

88 ?8 FORMAT(8F4,2)

89 929 FORMAT(121I3)

90 100 FORMAT(12Fé.2)

?1 101 FORMAT(3I2yF4.1 )

92 1 102 FORMAT(2Xs  I="5I2s2Xy ‘DELTAS='yF6.272Xy’SSLON=

23 [ - 1—'ALBEDRO="9»FE7.2+’ - PC='9F4.2)

4 103 FORMAT(’0ALB='yF&6.2y’  FPC='yFé6. 3/)

- 924.2

104 . FORMAT(9F6.1/9F6.1)
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?4.3 105 FORMAT (‘0‘¢36F3.0)
94,4. . 106 FORMAT(’0’»3613)
?4.5 107 FORMAT(’0’¢s(8F6.2))
e 94,7 110 FORMATC(’ONT=%9129’ - AVRPC='9F3e¢2) — - oo e

?4.8 111 FORMAT(” 1’;(T371°F6 1»

94,85 ... 112 FORMAT(12Fé6.1) - , L
93 GO TO 3

.96 . ...999. 8TOP
@7 END

END-OF-FILE e —




101.

Appendix D

Computer Program for Satellite Orbits

and

Latitude-Longitude Sampling for Three Satellite

System for each hour of the day 0100 to 2400




§#$LIST ORRITS

W NN

N N N N

AT AR

SRR

R YV Y AV Y

’v.!' '.v.'

W o

DY)

Y Y LV R R PRY N

P

W

W W

COUONOUD I

36,2
3644

102

REAL LAMEDAsLAM:sLsLAMEDO
DIMENSION ND(24y36r,18)NSUM(24,18)
DATA ND/15552%0/ s NSUM/432%0/

11 WRITE(46s89)

READ(Sy90) HyOIsLAMEDOyNO

OIR=01/57.29578

F=1,661E-4%(6370.+H)%XX1.5
0A=F/1440%(1+(0.9856+9.97%(6370/(6370+H) I X*%3.5
1 *COS(OIR)Y)>/360.)

WRITE(6+101) F,0A

no 10 I1T=1,43200

SSLON=IT/4

17 IF(SSLON.GT.360.) GO TO 18
GO TO 19

18 SSLON=SSLON~-360.

GO TO 17

19 L=360.XIT/(FX57.29578)

44 EB=ARSIN(SIN(3.1415926~0IR)XSINC(L))
BETA=57.29578%R
EFS1=C0S(3,1415926~-0IR)XSIN(L)
ERS2=C0OS(L)
LAM=ATAN2(EPS1EFS2)+0AXL
LAMEDA=57.29578XLAM+LAMBDO

55 IF(LAMBDA.GT.3460.) GO TO 66
IF(LAMBDA.LT.0.) GO TO 45
GO TO 77

65 LAMBDA=LAMBDA+360
GO TO 55 :

66 LAMBDA=LAMBDA-360.

GO TO 55

77 HOURS=LAMERDA-SSLON
IF(HOURS.GT.180.) HOURS=HOURS-340.
IF(HOURS LT+ (~180.,)) HOURS=HOURS+340.
K=IFIX(9.999999-BETA/10.)
J=IFIX(1.000001+LAMBDA/10.)
TLS=12,~-HOURS/15
LT=IFIX(TLS)

GO TO 9

-7 IF(TLS&GToQ3ouoUR TLS.LT.2:5) LT=1
IF(TLS.GE.2+35.AND, TL«LT+S5:5) LT=2
IF(TLS.GE;S.S.AND;TLS;LTsB»S) LT=3
IF(TLS.GE.8+5.ANDLTLSLT,11:5) LT=4
IF(TLSGE+11,.5.ANDTLSLT+14.5) LT=5
IF(TLSQGEQ14050AN[‘6TLSOLTO1705) LT=6
IF(TLS.GE+17:5+AND. TLS:LT.20.,5) LT=7
IF(TLS.GE.20.,5:AND.TLS.LT.23:5) LT=8"

9 IF(ND.EQ.1) GO TO 10
WRITE(469100) SSLDN!L9BETADL§HFHA!HUURS}TLSvh!JyLT

10 NDC(LTyJsKI=ND(LT»JsKI+1
D0 20 LT=1,24

20 WRITE(4,102) ((ND(LT#J?R)!J 1936)»K=1518)

21 DO 30 LT=1,24
D0 30 K=1,18
NSUM(LTyK)>=0
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49.4 no 30 J=1,36 :

49.5 30 NSUMCLTyK)=NSUM(LT»K)+ND(LTyJsK)
49.6 WRITE(67103) C((NSUM(LTsK)»LT=1+24)yK=1,18)
S0 GO TO 11

51 89 FORMAT(’OENTER H»Is,LAMEDOsNO‘)
52 90 FORMAT(3F7.2,12)

53 100 FORMAT(’ ‘»b6F7.25313)

54 101 FORMAT(2F8.3)

59 102 FORMAT(/2/s(’ ’yT3+3613))

55.2 103 FORMAT(’2/9(’ “»T2y2414))

96 999 STOF

57 END

END OF FILE

NOTE: Instructions 37-44 not used at present.
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