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Abstract

Characteristics of the "time variable earth albedo" model are described.

With the cloud cover multiplying factor adjusted to produce a global annual

average albedo of 30.3, the global annual average cloud cover is 45.5%.

Global annual average sunlit cloud cover is 48.5%, nighttime cloud cover is

42.7%. Month to month global average albedo is almost sinusoidal with maxima

in June and December (highest) and minima in April (lowest) and October.

Month to month variation of sunlit cloud cover is similar, but not in all

detail. The diurnalvariation of global albedo is greatest from November to

March, the corresponding variation of sunlit cloud cover is greatest from

May to October. Annual average zonal albedos and monthly average zonal albedos

are in good agreement with satellite measured values of Ellis and Vonder

Haar (1976), with notable differences in the polar regions in some months and

at 15°S. The albedo of some I0 ° - I0 ° areas of the earth vs zenith angle are

described.

Satellite albedo measurement sampling effects are described in

local time and in Greenwich mean time. Regions on the earth are shown

where satellite samples are obtained at 00:00 and 12:00 GMT(synoptic

sampling times). Errors in satellite measured monthly average albedos

of local areas are determined to be under 3.5% for 66% of the measurements

obtained for the one satellite system, 92%for a two satellite system

and 97%for a three satellite system.

vi



I. Introduction

The work described in this report is a continuation of earlier efforts

on "A Time Variable Model of Earth's Albedo" which is described in a report

having that title (Bartman, 1980). During that initial phase of the work a

time variable model of Earth's albedo was developed in the form of the

FORTRANcomputer program AVALBwhich uses three data files:

(a) SALB4: surface albedo data

(b) CNREG: cloud climatological type regions

(c) PRCLC: percent cloud cover data

Diurnal and monthly albedo variations weredescribed briefly in the report

and the results were compared with the zonal averages of Ellis and Vonder

Haar (1976) which are based on satellite measurements.

Another FORTRANcomputer program (ORBITS) was also written for use in

studying the sampling effects in satellite radiation budget measurements;

some results of calculations with this program were compared with a previous

study of the sampling effects (Woerner and Cooper, 1977).

In the continuation of the work, which is described herein, the pro-

grams were improved. The original programs were modified to run under the

NASALangley Research Center computer system. Additional programs were

also written. The results of this work, which are described in more detail

in the following sections of this report are:

(a) A summaryof some of the characteristics of the cloud cover model

used, including diurnal and monthly variations

(b) The diurnal and monthly changes in global, zonal and local area

albedos



(c) Satellite albedo measurement sampling effects shown in several

different ways:

(i) Sampling in latitude and longitude as a function of local

Sun time and as a function of GMT

(ii) Sampling in Sun's zenith angle as a function of GMT

(iii) Sampling in zonal regions versus Sun's zenith angle

(d) Results of a new program FORBALB,which combines ORBITSand AVALB,

showing errors in satellite measured albedos under idealized

conditions,



2. SomeDefinitions

Global Albedo: Planetary albedo. Generally values are averaged over

some time period. In this report annual and monthly averages are

referred to. However, instantaneous values are also referred to

when the variation of global albedo during a 24-hour period is

discussed. The variation during the 24-hour period is due to time

variations and also due to the fact that as the Earth turns, dif-

ferent portions of the Earth are illuminated by the Sun.

Zonal Albedo: The albedo of a I0 ° latitude zone averaged over all

360o of longitude around the Earth. Annual and monthly time averages

are considered in this report. The variation of zonal albedos during

a 24-hour period as the Earth turns is not considered in this report,

but will be in future work.

Local Area Albedo: The albedo of a I0 ° x I0 ° latitude-longitude area.

Annual and monthly time averages are discussed. Diurnal variations

of an individual area on the Earth's surface are also considered

briefly when the satellite sampling effect for a local area is dis-

cussed in terms of solar zenith angle.

Albedo of Cloud Climatology Region (Cloud type region): The area of a

cloud type region varies from one to many contiguous I0 ° x I0 °

latitude-longitude areas. In some cases a cloud type region will

consist of several non-contiguous areas. In some cases a cloud type

region will include several zonal regions plus portions of others.



3. Characteristicsof Cloud Cover Used in the Albedo Model:

A modifiedversionof the world-widecloud cover distributionsof

Sherr,Glasen and Willand (1968)is used in the time variablealbedo

model. Detailedcharacteristicsof this cloud cover data are summarized

in tables in the previousreport (Bartman,1980). Five fractionalcloud

categories: O, I-3, 4-5, 6-9, and lO tenthsare specifiedfor 29 cloud

climatologicalregions,for eight times of the day, and for each month of

the year.

Since the cloud climaticareas of Sherr et al. did not begin and end

on the lO° x lO° latitude-longituderegionsof our model, his map areas

were modifiedto fit our model. Table l shows the cloud climateregions

used for each lO° x lO° area in our model.

Sherr'sgeneral descriptionof the nature of the clouds in each cloud

climaticregion is given in table 2. The detailedcloud cover data used is

given in tables B-l to B-96 in the previousreport (Bartman,1980).

Monthly and yearly averagesof percent cloud cover for each of the 29 cloud

climaticregionsare shown in table 3. The global annual cloud cover for

these data is 60.6 percent.

The value of 60.6 percent is quite high comparedto previousestimates

of global annual cloud cover. Hoyt (1976),in his study of the radiation

and energy budgetsof the Earth,has summarizedground based and satellite

derivedvalues of total cloud cover. He gives values of globalannual cloud

cover of 53.2 percent (ground-baseddata) and 39.6 percent (satellite-

derivedvalues).

A multiplyingfactorGLCLC/60was incorporatedinto the cloud cover

data used in this model. By means of this factor the global annual cloud



cover can be varied to study the effect of changing cloud cover on albedo.

The value of GLCLC= 45 gave a result for global annual average albedo

of 30,3 percent which agreed reasonably well with satellite measurements

and gave a value of 45,5 percent global annual average cloud cover.

The month to month variation of global average cloud cover is shown

in figure 1 (curve b), There is an absolute minimum of 43.9 percent in

February and a minor minimum of 44,6 percent in October. The absolute

maximumof 47,5 percent occurs in December with a minor maximumof

46.5 percent in June.



3.1 Sunlit Cloud Cover

Since it is the cloud cover under sunlitconditionswhich affects

Earth'salbedo,monthly averagesunlit cloud cover values are also shown

in figure l (curvea). Averagesunlit cloud cover is always greaterthan

24-houraverage cloud cover. The globalannual averagesunlit cloud cover

is 48.3 percentwith an absolutemaximum in Decemberof 52.2 percent and

an absoluteminimumof 46.3 percentin April.

Since the 24-hourglobalannual averagecloud cover is 45.5 percent,

this value of 48.3 percentglobal annualaverage sunlitcloud cover implies

that the global annual averagenighttimecloud cover is only 42.7 percent.

The averagecloud cover in the sunlit hemispherevaries as the Earth

rotates,i.e., varies as a functionof the longitudeof the sub-solar

point. That variationis shown in figure 2 for each of the 12 months of

the year. The largestvariationoccurs in July, however,the variationis

quite large for the time periodof May-October,late spring-summer-early

autumn in the NorthernHemisphere. The minimum variationis in March,

Witha rather small variationin the periodNovember-April,late spring-

summer-earlyautumn in the SouthernHemisphere.

In July the sub-solarpoint longitudeof maximum sunlitcloud cover is

135°W,the minimum occurs at about O-30°W. Since the solar declinationin

July is 21.5°N,the sub-solarpoint for maximum sunlitcloud cover would be

locatedat 135°W, 21.5°N in the PacificOcean,abouthalfwaybetweenHawaii

and Mexico. The sub-solarpoint for minimum sunlitcloud cover in July

would be locatedat about 15°W, 21.5°N, in the Atlantic Ocean just south

of Liberia.



4. The Variability of Global, Zonal and Local Area Albedos

4.1 Global Albedo

Monthly average values of global albedo are shown in figure 3. These

results were obtained with the cloud cover multiplying factorGLCLC set

equal to 45. This produced a global annual average cloud cover of 45.5 per-

cent and a global annual average albedo of 30.3percent, which is in

reasonably good agreement with satellite measured values, i.e., 30 percent

(Vonder Haar and Suomi, 1971).

Figure 3 shows minima of albedo in March and August when the sub-solar

point is close to the equator and maxima in June and December when the north

pole and south pole, respectively, are illuminated by the Sun. The albedo

maxima correspond to monthly average sunlit cloud cover maxima in June and

December (see fig. I); however, the albedo minima in March and August do not

correspond exactly to the sunlit cloud cover minima which occur in April

and October, respectively.

The variation of global albedo as the Earth rotates is shown in fig-

ure 4 for each month of the year. This figure shows curves of global albedo

as a function of the longitude of the sub-solar point. The variation is

greatest from November through March, when the sub-solar point is in the

Southern Hemisphere. During this 5-month period the global albedo is a

minimum when the longitude of the sub-solar point is about 135°W, when the

illuminated hemisphere of the Earth includes a large amount of ocean area.

Maxima of albedo occur for sub-solar point longitudes of 15°W and 270°W,

when the illuminated hemisphere of the Earth includes a large amount of

continental area. Note that for this period of November through March the

diurnal variation of percent cloud cover is not very large.



The variationof global albedowith longitudeof sub-solarpoint is

relativelysmall from May throughSeptember. This is the time period of

the year when the correspondingvariationof sunlitcloud cover is the

largest. However,during thesemonths the sub-solarpoint is north of the

equatorand the hemisphereof the sunlit Earth always includesa very large

portionof continentalarea. Althoughthe longitudinalvariationof global

albedo is not very large during these months it is a minimumfor a sub-

solar longitudeof 315°-330°W,over SaudiaArabia or Somalia,and where

the averagesunlit cloud cover is nearly a minimum. Maxima of global

albedoduring this May-Septemberperiodoccur when the sub-solarlongitude

is about 75°W and 210°W, i.e., north of Venezuelaand Australia,

respectively.



4.2 Zonal Albedos

The annualaveragevaluesof zonal albedo producedby the model are

shown in figure 5 and in table 4. The zonal averagevaluesof Ellisand

Vonder Haar (1976),which were obtainedfrom 29 months of satellite

measurements,are shown for comparison. The agreementbetweenthe model

and satellitedata is generallywithin about 5%. The most striking

disagreementis at latitude15°S, where the minor maximum of the model

data does not appear in the satellitedata. This feature in the model

is mainly due to cloud cover. The resolutionof the satelliteis said

to be such that "The numbersand graphsshould be consideredas repre- i

sentingfluxes of 10° to 200 latitudezones." Thus this kind of feature

would be considerablysmoothedin the satellitedata.

Monthlyaveragevaluesof zonal albedo are given in tables and

are shown in figures6a to 6d, along with the satellitedata of E11is

and Vonder Haar (1976). The agreementbetweenthe model data and the

satellitedata is not as good as in the annual averagecase. Noticeable

disagreementsexist at 85°S, 15°S and in the northernlatitudes,especially

towardsthe north pole, in each case for about 6 of the 12 months of

the year. The model assumptionsand detailedformulationneed to be

carefullyexaminedto see whether the cause of this lack of agreement

can be determined.

4.3 100 - 100 Area Albedos

Selectedmonthly average100 - 100 area albedosare shown in figures

7a to 7i. The areas selectedare all at about the same longitude,but

vary in latitudefrom the north polar region to the south polar region.

Each figure shows the monthlyaveragealbedo vs zenith angle.

The results includethe effectof percentcloud cover change as a function



of time, which accountsfor some of the inequalitiesin the curves.

Monthlyand annualaveragevaluesof albedofor each of these 100 -

100 areas are given in table 5.

10



5. Satellite Albedo Measurement Sampling Effects

5.1 Sampling in Local Time

The computer program "Orbits" has been used to study the sampling

characteristics of the orbits of satellites used to measure earth's albedo.

A three satellite system with orbital characteristics listed below was

considered.
Northbound Equator

No.___. Altitude Declination CrosSin 9 Time Note

I. 833 Km 98.74 ° 08:00 Sun-synchronous

2. 833 Km 98.74 ° 15:00 Sun-synchronous

3. 600 Km 50.00°. 12:00 (noon)* Period : 96.654
min.

The resultsof these calculationsfor 31 days of sampling,January l to

January 31, at the rate of one sample per minute are shown in tables 6 to 20.

Tables 6 to 8 show the zonal samplingfor the satellitesystem. Table 6 shows

the samplingby satellitenumber l which is in an 8:00 sun-synchronousorbit.

Table 7 shows the samplingby satellitesl and 2, in 8:00 and 15:00 sun-

synchronousorbits respectively. Table 8 shows the samplingby the three

satellitesystem indicatedabove. Each table shows the numberof samplesin

each lO° latitudezone as a functionof local time, one column for each of 24

hour periodsduring the day. In each case the sample positionis taken to be

that of the sub-satellitepoint. The one hour period correspondingto each time

shown is the intervalbetweenthe time shown minus 0.5 hour and the time shown

plus 0.5 hour.

Similar resultsfor a 30 day samplingperiod are shown in Bartman (1980)

and are comparedwith resultsof WoerFerand Cooper (1977)in that report.

*time of first northboundequator crossingon first day of each month.

11



The tables show that the gaps in local time sampling by the sun-

synchronous satellites are partially filled in by the 50° orbit satellite.

There are three noticeable major gaps remaining in each hemisphere, of maximum

latitude-time extent as follows.

MaximumLatitude MaximumTime
Spread

N.H. 80° to 20° 21:30 - 02:30

N.H. 80° to 50° 07:30 - 12:30

N.H. 90° to 60° 11:30 - 23:30

S.H. 90° to 50° 23:30 - 11:30

S.H. 80° to 50° 19:30 - 00:30

S.H. 80° to 20° 9:30 - 14:30

Sampling in longitude at a given local time for the same period of 31

days, January 1 to January 31 is shown by tables 9 to II. In these tables,

the samples taken in each I0 ° - I0 ° region in the 08:00 time period for the 31

days of January are shown. Again the results for one, two and three satellites

are shown, table 9 for satellite i, table 10 for satellites 1 and 2

and table 11 for satellites 1, 2 and 3. The sampling in latitude

corresponds to the latitude sampling shown in tables 6, 7 and 8 re-

spectively and is quite uniformly spread in longitude. Whereas there

are longitude gaps for the 1 and 2 satellite systems, there are none

for the 3 satellite system.

Latitude - Longitude sampling similar to the 08:00 time period of

tables 8 to II are given for the 3 satellite system for each of the 24 hour

periods in the day in Bartman (1980).

12



5.2 Samplingin GreenwichMean Time

Zonal samplingas a functionof GMT is shown in tables 12 to 14. These

tablesshow that for each of the three satellitesystems,for the 31 days fn

January,there is samplingin each latitudezone at each of the 24 hours of GMT.

In particular,there is samplingin each latitudezone for the synoptictime

periods00:00 GMT and 12:00 GMT.

The latitude-longitudedistributionof samplingfor the three satellite

systems,for the 31 days of January,for each of the synoptictime periods

00:00 GMT (24:00GMT} and 12:00 GMT are shown in tables 15 to 20. Synoptic

samplingis possibleonly for a small portionof the globe for the l and 2

satellitesystems,however,for the 3 satellitesystem, synopticsampling
o

(on the average,for the month) is possiblefor 287 of the 648 lO° - lO

latitude-longitudezones. Between latitudes+50° to -50_, 267 out of 360°

lO- lO° areas are sampledsynopticallyon the averagefor the month.

13



5.3 Samplingin Sun's ZenithAngle

The computerprogramsAVALB and FORBALByield informationon sampling

as a functionof sun's zenith angle. AVALB yields informationon the range of

sun's zenith angle at a given locationas a functionof the time of

the year. FORBALBshows the sun's zenith angle for the satellitesampling.

Some of these resultsare shown in figures8a to 8f.

Each figure shows zenith angle samplingfor severalcloud type

regions for each of the 12 monthsof the year. The envelopeof each

figure definesthe range of zenith anglesexperiencedby each cloud

type region,the verticallines indicatethe range of zenith angles

sampledby satellite 1 (leftverticalline),satellite2 (rightvertical

line) and satellite3 (centerverticalline). For example,considerthe

diagramfor cloud type region i (NT = 1) for September. The range of zenith

angles experiencedby regionone is 900 to 200. The range of zenith angles

experiencedby regionone is 900 to 200. The range of zenith angles sampled

by satellite1 is 600 to 400, by satellite2, 660 to 400 and by satellite3,

900 to 200.

In some cases, the linerepresentingthe samplingby a given satellite

is a broken linewith two or more sections. This is becausethat particular

cloud type region is locatedat several locationson the earth separatedone

from the other. In many cases,the apparentsampling_y satellite3 is

greaterthan the range indicatedby the envelope. This is because in the one

program (AVALB)calculationsare made for the month with a fixed solar

declinationangle correspondingto the 15th of that month, whereas, in the

other program (FORBALB),the solar declinationis allowedto change from day

to day duringthe month.

14



In general,the zenithangle samplingby satellite3 is very complete,

with the followingexceptions;NT = 8, in February;NT = 9, in February,

March, April, June, October,November;NT = 14, in February,April, June,

July, September,October;NT = 15, throughoutthe entireyear; NT = 23, January,

March; NT = 24, throughoutthe entireyear.

On the other hand, the zenithangle samplingby satellitesl and 2 is

mostly quite incomplete,except that they supplymost of the zenith angles

missed by satellite3 for NT = 8, 9, 14, 15, 23 and 24, as indicatedabove.

15



6. Errors in Satellite Measured Albedos Due to Selectiye Sampling

The errors in satellite measured albedos are difficult to establish.

Instrument calibration errors, biases introduced by the methodology used to

correct instrument readings to fluxes at the top of the atmosphere and

the selection sampling due to the satellite orbit characteristics all contribute

to the final errors in the measured albedos.

The computer program FORBALBwhich combines the program "ORBITS" with the

time variable earth's albedo model "AVALB"was used to determine measured values

of earth's albedo. These "measured" values are then compared with the "actual"

albedo values of AVALBto determine errors due to the satellite selective

sampling.

In the program FORBALBit is assumed that satellite measurements are

converted to fluxes at the top of the atmosphere without error. The monthly

average albedo of a I0 - I0 ° area in the model is assumed to be equal to the

radiant energy weighted average of the measured albedos. The difference

between "satellite measured" values obtained in this fashion and the "true"

values obtained from AVALBare a measure of the errors produced by satellite

selective sampling.

Table 21 is an example of the results obtained for the I0 ° - I0 ° area

located between latitudes 0 - I0 ° north and longitudes 235 to 245° W. The cloud

type region for this area is type 3. The table shows average values for this

area for each month of the year. Satellite measured values are shown for each

of the three satellites separately and also for the average of the "measure-

ments" of satellites i and 2 and for the average of the "measurements"

of satellites 1, 2 and 3, respectively. The percent difference between

the true and "measured" values are shown below. The first column shows

the percent error of satellite 1 "measurements," the second column shows
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the error of the averageof the "measurements"of satellites1 and 2,

and the lastcolumn, the error of the averageof the "measurements"of

all three satellites.

l 12 123

J -6.7 -5.4 -3.4
F -5.5 -2.9 -3.3
M -2.0 -l.9 -l.3
A -1.9 -1.9 -2.2
M 0.3 1.0 0.6
J -0.7 0.8 O.l
J 1.2 l.l 0.8
A 1.6 1.8 1.0
S 0.0 !0.8 0.2
0 -0.5 0.8 -0.4

N I-0.6 i 0.0 -0.5
D !-3,1 l-.l,.7 -2.8

Resultsfrom eight other 10 - 10o areas have been obtainedso far.

All areaswere locatedin the 2400 longituderegion,but at different

latitudesfrom 75°N to 85°S. Each area had a differentcloud type region.

The results are shown in figure 9a, for 4 regions in the northernhemisphere,

and in figure 9b, for 5 regionsin the southernhemisphere. In each

graph, the error of the average"measurement"of satellites1 and 2

is almost always less than or equal to the error of the measurement

of satellite1. In those latitudeswhere satellite3 makes measurements,

50°N to 50°S latitude, the error of the averageof the "measurements"

of all three satellitesis generallyless than the error of the average

of satellitesone and two, with one strikingexception,that of K=IO,

J=24 and NT=4 at the top of figure 9b. In that case the error for the

three satellitecase is greaterthan the error for the two satellite

case for 9 of the 12 months of the year (AprilthroughDecember). The

explanationof this result is not known at this time.

A brief summaryof these sample results is that for satellite1,

66% of the resultshad errors less than 3.5%, 27% had errors in the

range 3.5% to 7% and 7% had errors greaterthan 7%. For the averages

of the measurementsof satellites1 and 2 the resultswere 93%, 7% and

1% respectivelyand for the averageof all three satellites97%, 3%

and 0%, respectively. The improvementin going from the single satellite

system to the three satellitesystem is apparent.
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7. Summary

The characteristics of the time variable earth's albedo model and the

characteristics of cloud cover used in the model can be summarized as follows:

a. Global annual average values

Cloud cover in sunlight 48.5%

Cloud cover in darkness 42.7%

Total cloud cover (24 hour) 45.5%

Albedo 30.3

b. Global Month to Month Variations

sunlit cloud cover: maxima in June and December (highest), minima

in April (lowest) and October.

total cloud cover: maxima in June and December (highest_, minima

in February (lowest) and October

Albedo: maxima in June and December (highest), minima in March and

August (lowest).

c. Variations as Earth Rotates (Diurnal Global Variations)

sunlit cloud cover: large variations from May to October, maximum

variation in July centered at 135°W, 21.5°N. Small variations from

November to April, minimum in March, centered at 15°W, 21.5°N.

Albedo: large variations from November to March with minimum of 135°W,

maximumat 90°E - 15°W. Small variations from May to December, with

minimum at 315° - 330°W, maximumat 75° to 210°W.

18



d. Annual average zonal albedo: Agrees with satellite measured results

of Ellis and Vonder Haar (1976) except at 15°S, where the model has

a peak which does not appear in the experimental data.

e. Monthly Average Zonal Albedos: Agrees with satellite measured values

except at 85°S, 150S and at northern latitudes, especially near the

north pole, in each case the disagreement is for about 6 months out

of the year.

f. Albedo of I0 ° - I0 ° areas vs zenith angle: Data of monthly average

albedo vs zenith angle are shown for 9 areas located at about 240°W.

longitude and ranging in latitude from 80 - 70°N to 80 - 90°S. These

figures show the changing zenith angle range at a given location as

a function of the time of the year. The curves also indicate the

effect of changing cloud cover as a function of time during the day,

particularly the differences, at the same zenith angle, between

morning and afternoon.

g. Satellite Albedo Measurement Sampling Effects IMonthly Averages)

i. Sampling in Local Time: The three satellite system gives reasonably

complete sampling at all latitudes at all local times, there

are some gaps in the coverage. Longitude coverage is complete for

those latitude-local time combinations that are covered.

ii. Sampling in GMT: Latitude sampling is complete for all 24 hours

of GMT. However, all longitudes are not covered at each latitude.

At meteorological synoptic times of 00:00 GMTand 24:00 GMTonly

285 out of the 648 I0 ° - I0 ° lat.-longitude regions on the earth

are sampled at both synoptic times by the 3 satellite system,
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267 of these are in the 50°N to 50°S regionof the earth (out of 360).

iii. Sampling inSun's ZenithAngle: Sampling in sun's zenith

angle for each of the 29 cloud climatologicalzones is quite

complete,except for the following:

NT ='15 all year

NT = 9 in February,March, April,June, October,November

NT = 14 in February,April, June, July, September,October

NT = 23 in January,March

NT = 24 all year

h. Errors in SatelliteMeasuredAlbedos of lO° - lO° Areas Due to Sampling

Effects: The decreaseof errors due to samplingeffects as we go

from a single satelliteto the three satellitesystem is apparent.

For nine lO° - lO° latitude-longitudeareas, ranging from 80 - 70°N

to 80 - 90° south, having 9 differentcloud type regions,the errors
\

of monthly averagesare as follows:

% Error
Satellites 3.5% 3.5 - 7% 7%

l 66% 27% 7%

l and 2 92% 7% I%

l, 2 and 3 97% 3% ---
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8. Suggestions for Further Work:

Further study of the time variable earth's albedo model should include

consideration of the following topics:

a. Annual and monthly zonal averages of sunlit and total cloud cover.

b. The albedo vs zenith angle of all 648 I0 ° - lO° latitude-longitude

regions of the earth.

c. Zenith angle sampling of the eighteen I0 ° latitude regions of

the earth.

d. Errors in local average albedos due to satellite sampling for an

additional nine I0 ° - I0 ° latitude-longitude regions of the earth.
o.

e. The characteristics of this model should be compared more completely

with experimentally measured characteristics of earth's albedo and

cloud cover.

f. After the above have been completed, the revision and improvement of

the model should be considered.
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Table I PoAitionsof the_. cloud cover type regions for the
lO'latJtude - lO longitude model.
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Table 2 General Description of Climatological Regions

after Sherr, et al., 1968).

• mE _oc
l

0i I_e.eati,lly l_lajor Demort [ SmsU ecZ0 €?.O -- Stroll -q._-
Clear Area I

02 Little "e"_b*De eerr ! S,,_all .:40 '€40 -- Sn'_J,II ....
Cl_di_es Ararat

0] TropecAI lbleAr S'quACor Srru_U >450 :*k0 Convect]v_ I.A r lie Jt-0_,
Clc, udy

04 "1"rap]ca1 North or South" Sn_.sl] J "SO _S0 CAnvecUve l.Lrl[e If.g0
_loderate Of 1O,el[iOn O)
CIo_€-%nean i

!
05 T_ebert Over OceAn - 5mAU --SO --SO Stsatlform l_rte De0 r)

_fJne off We.It Cooets

G6 I_eert Over Ocean - £zlreme >70 < 30 Stretifor_ I._rl_e OBO_
I.gJfsne _'esl Of Peyv
Ci¢_dy,
lk'inler

07 _.€lJert Over OceAln - ]['.xtrerrut >*/D e[$0 Stratiform l.srlce 0P(70
lbri_ Went of _jJ,
Cl_dy - CAll feraL8
Su_mer

01 Xti4 L,ititude North Ar_erica l_xi,eme -40 --70 Synoptic SmAll ....
* Clear ScAle
S_er

I

ID_ 1_1_1_/_llt_Jde ?_orth AmericA. ).5adorer! _'0 _50 Synoptic Small ....
. . Clo_dy Asia ScAle

Su_u_r

tO lalig_, _..ttit_dc _.els, I _.ztreme --70 <30 S_optlc Small ....
- Clear North Arnceica I ScAle
_4"intar

11 l_41d_.stlt_da Nort_erg_ ).4_crAte *-5D --70 S_optic Smell ....
. Land _Ic m| 8 J_3".ere _:CAlC

|l Tee, picot - North of 10[oderste >60 _50 C(_n_*ecti_,e 2.a_rlrr I(O3
C't o_ady ._.agion 03
S_nn_er

13 J,_id L_.tJt_c5a Nolr t}_4lrA )_ode rata --60 >70 ST_optlc Small ....
* Oceae 1_eT_iSp_Cr e ScAle
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Table 2 Continued.

' " I ' 4 Is * 7 I " s14 F[irh l.atit_de Northers J_odlrile )iO --_D S ]r_o_J_ SrJ_ll | .o--
- Ocean |4trail p_l re Stile

IS Po_r _[ortF.e rm Smart _$0 . _kO Sy,_p_ic
|*'€m_.p_ere Scale 5m_ll ....

16 Tco._Ci| . J l_or_n o[ Ir'_lreme _?0 <40 Convet*lvl LIrl[i 1(.04}
_cea*o_uJ , l_elrion 0J
Ch.snge

17 Tropical * J_octl_eeli :M(oderi*e --_0 <]0 Co rive¢til_lt [.atilt ILOO
Citer _¢rnl i p_l*e
l'intet 1_clr Re|ion Ik _.

|b l_ditet* North|re £.1[tr • met --30 -0 Conveetiv_ Small ....
rancBn I_fmiiphere .

Europe. _,'e st tern -0 --LO Synoptic Small ....
NotCh Amcrle& Sc&|e

I e SLb Tropical _ortherm J.(oderate cw*0 00 Convectlve 1Lmtge ILO0
HemleFhete -- --&O Slmoptic Small ....

I --30N Sells

_0 S_b Trap,ca1 Northern l_4odetate _50 0- Convective .r_-_ll ....
• C_*¢an _[e_ieF_.ere *- :p60 S3moptic .;mall ....

_)Oh ScAle

_l Tropic|el - South o[ LSodtrate .AQ )&O Convective 7.arise If O0
Cloudy Kellon @3
_u.mmer

22 I_tid 14tit_de I Sout)_ern L_oderate >70 _ &O Synoptic Small ....

Oc _au_ J _emilp_¢te Sca|e
Z$ HJlrh t _tit_de Southcrn l_5odetate _?0 >l_O Synoptic S_I! ....

- Ocean J_emJ 81_lre Sta_

24 Potar So.tt_era SmaU _0 -- 60 -Clmopti¢ Small ....
14cmiiphero Scale

ZS Tropical - Soulh o[ I_',_lrome .[40 _?O Convective I.atte |60D
Sea lanai R€l[i_n 01
Chan_e

Z& Tropical - South oJ _o4ctate <30 --SO Convective L.srglt IA00
Cleat ROll|on ZS:
Ylinler Aerie&.

_uetralia

Convective|Z7 J_[edltlt y- I So.listen r-ztreme .0 --30 SmAll ....
• I Htmiip_t re

ran &n

Australia. ChUo --_0 -0 STnoptic Small ....
Scale

Z8 Sub Tropical SourCe cl l_oderate ¢SO Convective Larle |f00O
L._nd Htmi *platte *-_O -0 Sy_opt[© SmAll ....

-3_S Scale

Z_ Sub ?roplca| So tt_tel_ J_[oc_erate --0 -.'0 Convective Small ....
€_ .... )_S >60• SF,_o_IIc Sm_l| ....

Scale
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'Table3. Monthlyand Yearly Averagesof Percent Cloud Cover
in Each of the 29 Cloud ClimaticRegions.

REGION JAN FEB MAR AF'R MAY JUN JUL AUG SEF' OCT NOV DEC AVG
1 .28 .35 *43 .34 .22 .I0 015 ,ii ,05 °05 .21 .34 ._°
2 ,46 .41 .42 .41 .35 .25 .11 .09 .22 .37 .43 °47 .33

3 ,61 *57 *53 ,55 *68 ,81 °86 ,90 ,88 °76 ,71 ,69 ,71
4 ,47 *47 ,49 ,45 *42 ,52 ,60 ,57 .56 ,41 *42 ,47 ,49
5 .46 ,48 ,47 ,52 ,55 ,56 .54 ,55 .51 ,51 .40 .44 ,50
6 ,49 ,78 ,59 ,57 ,51 ,42 ,41 *40 .51 *48 ,44 .48 ,51
7 ,49 ,49 *49 ,49 *59 ,71 .71 ,71 ,71 ,59 .49 ,49 ,58
8 ,71 .63 ,60 ,58 ,56 ,43 .24 *29 ,28 *39 ,55 ,67 ,49
9 ,44 *46 ,46 ,52 .56 ,59 ,60 ,68 ,71 ,69 *62 .52 .57

10 ,28 ,33 ,43 .55 °63 ,61 °66 ,61 ,54 ,40 .36 ,35 *48
11 ,64 .61 ,62 ,60 .57 ,53 ,50 ,43 ,39 ,41 ,52 ,61 ,54
12 .65 .45 .47 ,58 .75 .73 ,80 .79 .75 .69 ,72 .73 .68
13 ,81 ,79 .78 ,79 ,80 ,77 ,72 ,69 ,71 ,75 ,78 .80 ,77.
14 ,82 ,83 ,86 ,87 ,90 ,93 ,89 ,91 .87 ,82 ,80 ,82 ,86
15 ,33 ,42 .43 .46 ,74 ,79 °77 ,78 ,80 ,73 ,55 .37 ,60
16 ,32 ,35 ,42 ,56 ,75 ,82 ,80 ,80 ,83 .82 ,77 .51 ,65
17 ,39 .35 ,30 ,51. ,70 ,78 °86 ,86 ,80 ,77 .57 ,50 ,62
IB ,57 ,52 ,51 ,4B .45 ,38 ,31 ,62 .31 ,38 .46 ,55 ,46

19 ,64 ,59 ,58 ,58 ,55 ,47 °47 ,41 ,40 ,38 ,48 ,57 ,51
20 ,70 ,73 ,76 ,76 ,80 ,83 ,72 ,61 ,55 ,64 ,73 ,74 ,_1
21 ,80 ,79 ,75 ,69 ,71 ,71 °65 ,45 ,47 ,58 ,75 ,73 ,67
22 .72 ,69 ,71 ,75 ,79 ,78 ,81 .79 ,78 ,79 ,80 ,76 ,77
23 ,92 ,91 ,87 ,83 ,80 ,82 .82 ,83 ,85 ,87 .90 ,93 ,86
24 ,77 ,78 ,81 ,73 ,54 ,37 ,32 ,42 ,43 ,46 .74 ,80 ,60
25 ,81 ,80 ,83 ,82 ,61 ,38 ,25 ,27 ,36 ,56 ,75 ,81 ,61
26 ,85 ,84 ,80 ,77 ,57 .50 .39 ,36 ,30 ,51 ,69 ,78 ,62
27 ,31 .36 ,31 .38 .46 ,55 .58 ,52 .51 .48 ,45 ,37 .44
28 ,47 ,41 ,40 ,38 ,48 ,56 ,64 .59 ,58 ,58 .55 ,47 .51
29 ,72 ,61 ,55 ,64 ,73 ,74 ,70 ,73 ,76 ,76 ,80 ,83 ,71



Table4. MonthlyAverageValuesofzonalAlbedo.

K 3AIV FEB li,Al¢ AP/_ MAY _rUA/ _uZ Au6 SEP PCT /VOW _C
1 - - 53.9 57.2 61.2 5g.4 56.6 55.3 55.8 - - -

- 52.2 54.9 54.7 57.5 54.5 51.7 49.7 52.4 52.2 - -
3 50._ 52.5 53.7 53.2 49.9 42.9 40.3 40.2 43.6 46.8 49.8 50.2

50.0 46.6 45.9 43.6 42.2 40.3 39.7 39.6 40.6 41.9 45.[ 48.I
•F 43.5 40.2 38.3 36.7 35.9 34.2 32.5 32.9 32.7 34.9 39.5 42.1
G 34.3 33.5 33.3 32.7 32.1 31.0 27.2 26.0 25.2 29.4 33.3 34.7

25.3 25.[ 25.4 25. L 25.1 25.8 25.4 24.I 23.9 24.2 26.0 26.722.I 20.9 20.5 21.8 24.3 26.2 26.6 26.2 26.9 26.2 25.0 24.3
22.2 2E.8 21.7 22.4 24.2 27.3 28.[ 28.0 27.8 25.7 25.5 24.6

r,a 10 24.2 23.7 23.5 23.4 20.1 20.6 20.3 I9.7 20.8 22.[ 23.8 24.9
"J il 27.7 27.9 28.0 27.9 24.4 25.2 25.1 23.7 23.6 24.0 26.2 27.8

/)- 22.0 22.0 22.1 22.5 22.2 24.3 24,7 23.8 23.2 2D.9 21.5 22.5
I_ 28.0 24.7 23.5 28.2 32.3 53.2 31.6 31.7 31.8 31.1 31.5 32.1
/4- 32.3 32.2 34.5 38.1 41.2 41.3 40.9 38.9 37.2 36.4 35.1 34.0
l,S" 42.2 42.7 43.9 46.0 48.7 50.5 49.9 48.[ 45.8 43.9 42.6 42.6
JG 47.9 49.8 52.0 52.1 50.9 47.1 48.1 5[.3 52.7 5[.2 52.3 50.5

IT 60.6 61.9 62.7 60.4 _ _ - 53.5 60. I 62.3 6I.T 6I.g
_ 64. I 64.6 63.0 ..... 56.9 61.7 64.5 55.1



24 24 23 2, 2,2,2, 24._ 15 1o ,3 3̧ , i 22232,

FEB 53.5 42.9 47.3 24.0 19.0 25.1 33.8 52.2 63.7
MAR 55.3 4.4.2 45.7 22.5 19.3 26.4 35,0 51.4 63.1
APR 55.5 44.8 45.4 21.8 19.2 24.5 39.2 52.3
MAY 59,4 42.5 44.5 24.6 Ig.l 20.6 42.8 52.9
JUN 54.8 40.2 43.0 29.0 22.5 17.8 43.6 53.7
JUL 50.I 39.8 40.7 30.0 25..3 19.2 43.3 54.8
AUG 46.4 35.7 40.5 3Q.4 26.9 18.4 41.0 54.8
SEP 50.8 35.5 32.6 3(].5 23.5 17.1 38.8 55.8 56.1
OCT 52.4 33.0 45.1 27.6 22.4 17.6 38.2 55.5 59.0
NOV _ 36.2 48.4 27.3 17.9 121.9!36.8 53.6 64.2

DEC _ 40.I 49.3 27.6 18.0 124"5 35.5 51.9 65.4

ANNUAL 53.3 40.0 44.6 26.7 21.2 121.8 36.7 52.7 !63.6.... , ..... !

Table 5. Monthly and Annual AverageAlbedo Values for Selected lO- lO°
Areas.

i
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Table 6. LatitudeSampling in Local Time by Satellite1 for 31 Days.
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Table 7. Latitude Sampling in Local Time by Satellites 1 and
2 for 31 Da-ys. .



Table 8. Latitude Sampling in Local Time by Satellite 1,
2 and 3 far 31 Days.
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Table9. Lo.ng%tude..Samplingin the 08:00.TimePeriodby
Satellitel for 3_ Days,
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Table 10. LongitudeSampl i.0.9 in the 08:00 Time Period by
SaJ;e11ltes'1 and 2 for 31 Oa,ys.
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,able 11. L9ngitude Sampl ing in the 08:00 Time period by
5atel1ite~ 1, 2 and 3.
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Table lZ. Latitude Sampl ing in Greenwich Mean Time by
Satellite 1 for 31 D.ays
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Table 13. LatitudeSamplingin GreenwichMean Time by Satellites
l and 2 for 31 Bays.
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Table 14. Latitude Sampling in Greenwich Mean Time
By Satellites 1', 2 and 3 for 31 Days.
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Table15. Latitude-LongitudeSamplingat the synoptic
TimePeriod00:00GMT forSatelliteI. The
CircledValuesareAreasAlsoSampled
Synopticallyat 12:00GMT.
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Table16. Latitude-LongitudeSamplingatthe SynopticTimePeriod
.12;QO.GFIT.forSatelli.te.l.The CircledValuesareAreas
•AlsoSampledSynopticallyatOO:OO.GMT..
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Table 17., Latitude-Longitude Sampling at the Synoptic Time
Period 00:00 GMT for Satellites'l and 2. The
C1rcledValues are Areas Also Sampled Synoptically
at 12:00 GMT.
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Table 19.

r
Latitude~Longitude Sampling at the Synoptic,Time Period
00;00 GMT for Satellites It 2·and·3.· The ClrcledValues
Areas Also-Sampled Synoptically at 12:00 GMT.
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Table 20. Latitude-Longitude Sampli.ng of the Synoptic Time Period
12:00 GMT for Satell ites 1,. 2-and' 3'.' The Circled Values are
Areas Also Sampled Synoptically at 00:00 GMT.



MONTH "TRUE" ALBEDO "MEASURED"ALBEDO
....... 1 2 3 12 1123

JAN 24.67 23.12 24.75 23.75 23.94 23.87
FEB 23.90 22.66 23.78 22.98 23.21 23.14
MAR 22.42 21.99 22.01 22.40 22.00 22.13
APR 21.65 21.24 21.26 21.06 21.25 21.19
MAY 23.91 23.98 24.29 23.89 24.14 24.06
JUNE 28.09 27.89 28.72 27.73 28.31 28.12
JULY 28.65 29.00 28.96 28.70 28.98 28.89
AUG 29.51 29.99i30.I0 29.35 30.05 29.82
SEP 29.71 29.73 30.19 29.39 29.961 29.77
OCT 26.94 26.81 27.51 26.12 27.17 26.82
NOV 26.78 26.64 26.97 26.39 26.79 26.65
DEC 26.96 26.17 26.86 25.64 26.51 26.62

ANNUAL 26.10 25.83 26.31 25.67 26.07 25.93
AV

i

Table 21. True Albedos and Satellite Measured Albedos for the
I0 ° - I0 ° Area Having K : 8, J = 24 and NT : 3 for
EaCh Month of the Year.
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Fig. 1. Monthly average values of sunlit cloud cover (a) compared with monthly
24 hour average values of cloud cover (b).
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Fig. 2. Diurnal variation of average cloud Cover on sunlit hemisphere of the
earth. The curves show sunlit cloud cover as a function of the longitude
of the sub-solar point.

46



_LI._L_LI I t llll l llll Ill l ; _ _ : + ; LJ
1L11_I I llllll lllllll Ill i II II lllll l[ "_' __ *FI

2L_11--[ l l llllll :lllllll Ill ,, II llllllll ILl_-+_--tl_--C-_-L'-_I I i i I I I I I i I ,I X_"- _._--'--T I _

327:__ tl llllll ,Ill I II II II I I I l i-'-i'/l+H ..... _"---_-_Li__-_[ l lll I I _ I i I [ "_+ , i " ; I , [ L
__L :.,_+: I I tllll II -- l _ i /: II I i ! i_,/i,_; .... +,_.I-7'm-_-,

_-:[1-1FlTl-[.L__llkllll l_; II I - b_:

,_ Ill/ lllilHIIllllllil i II, I _-_L_ I k /I e ......
28_:" 'l_l[l'lllllllllltl 1 III l " -- ' I_--I_-i_T[T[ _,:; i:' l/ III I [' I r i I , i : i : ,-x_--_-,--I_ tlL_-IIIIIII I III + iiiilliilld 'll!ll4-bb-!,:! IIi_-_ -*-_-

I[II lllllllllJllllllll I Ill :  ItlIIilIilIIF F
3 F M A M 3 3 A S O N D ,3

Fig, 3. Monthly average values o{ global albedo.
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Fig. 5. Model annual average zonal albedo vs. latitude (line) c aapared
with satellite data of Ellis and Vonder Haar (1976) (X).
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Fig. 6a. Model monthly average zonal albedo (line) compared with data of
Ellis and Vonder Haar (1976) X, 3an., Feb. and March.
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Fig. 6b. Model monthly average zonal albedo (line) compared with data of
Ellis and Vonder Haar (1976) (X)_ April_ May and 3une.
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Fig. 6c. Model monthly average zonal albedo (line) compared with data of Ellis
and Vonder Haar ([976) (X}, 3uly, August and September.

52



Fig. 6d. Model monthly average zonal albedo (line) compared with data of
Ellis and Vonder Haar (1976) (X), October, November and
December.
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Fig. 7a. Selected monthly average 10°-10 ° area albedos vs. zenith angle, K = 2, 3 : 2% cloud type NT = 15.



Fig. 7b. Selected monthly average I0°-10 ° area albedos vs. zenith angle, K = #, _I= 2#, cloud type NT = 10.



q

Fig. 7c. Selected monthly average 10°- 10° area albedos vs. zenith angle, K = 6, _ = 23, cloud type NT = 13.



Fig.7d. SelectedmonthlyaverageI0°I0° areaalbedosvs.zenithangle,K = 8,J = 24,cloudtypeNT = 3.
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Fig. 7e. Selected monthly average 10°-10° area albedos vs. zenith angle, K = 10, 3 = 2#, cloud type NT = 4.



Fig. 7£. Selected monthly average 100 _100 area albedos vs. zenith angle, K =12, J =24, cloud type NT =1.



Fig. 7g. Selected monthly average I0°-I0 ° area albedos vs. zenith angle_ K = I% 3 = 2% cloud type NT = 22.



Fig. 7h. Selected monthly average 10%!0 ° area albedos vs. zenith angle, K = 16, 3 = A, cloud type NT = 23.



Fig. 7i. Selected monthly average 10°-10 ° area albedos vs. zenith angle, K = 18, 3 = 2% cloud type NT = 24.



Fig. 8a. Satellite zenith angle sampling for the 29 cloud type areas for each month of
the year, NT = 1 to 5.
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Fig. 8b. Satellite zenith angle sampling for the 29 cloud type areas for each month of
the year, NT = 6 to 10.
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Fig. 8C. Satellite zeni th angle sampling for the 29 cloud type areas for each month of
the year, NT = 11 to 15.

65



Fig. 8d. Satellite zenigh angle sampling for the 29 cloud type areas for each month ol
the year, NT = 16 to 20.
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Fig. 8e. Satellite zenith angle sampling for the 29 cloud type areas for each month of
the year, NT = 21 to 25.
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Fig. gf. Satellite zenith angle sampling for the 29 cloud type areas for each month of
the year, NT = 26 to 29.
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Fig. 9a. Samplingerrors for four selected10°-100 regions in the northern
hemisphere. _for satellite1 "measurements,"--- for the average
of the "measurements"of satellites1 and 2, ....for the average
of the "measurements"of satellites1,2, and 3.
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Fig. gb. Samplingerrors for five selected10°-10o regions in the southern
hemisphere. _for satellite1 "measurements,"--- for the average
of the "measurements"of satellites1 and 2, ....for the averageof
the "measurements"of satellites1, 2, and 3.
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of Ellis and Vonder Haar (1976) with notable differences in the polar regions in some
months and at 15°S. The albedo of some I0 ° x I0 ° areas of the Earth versus zenith
angle are described.

Satellite albedo measurement sampling effects are described in local time and in
Greenwich Mean Time. Regions of the Earth are shown where satellite samples are
obtained at 00:00 and 12:00 GMT(synoptic sampling times). Errors in satellite
measured monthly average albedos of local areas are determined to be under 3.5 percent
for 66 percent of the measurements obtained for the one-satellite system, 92 percent
for a two-satellite system, and 97 percent for a three-satellite system.
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