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Introduction

The solar radiation absorbed within the atmo-

sphere and surface of the Earth provides the energy
that moves the Earth's atmosphere and oceans and

that governs our weather and climate (Hartmann

et al. 1986). Absorbed solar radiation (ASR) is

computed from the albedo at the "top of the atmo-

sphere," which is computed from measurements, and
from the incident solar radiation. The albedo and

ASR depend on the surface properties of the Earth
and clouds as well as the atmospheric transmissiv-

ity and reflectivity. The ASR varies spatially and

temporally over a range of scales, from rapid local

changes to large-scale fluctuations lasting months.

The investigation of these slower fluctuations re-
quires a data set of many years; this extended pe-

riod also offers several opportunities to observe cli-

matological events, such as the E1 Nifio/Southern

Oscillation (Philander 1990), and to provide a valid

climatological mean.

To provide a long-term data set of radiation bud-

get measurements at the top of the atmosphere, wide-

field-of-view (WFOV) radiometers were part of the

Earth Radiation Budget (ERB) instrument that was
aboard the Nimbus 6 and 7 spacecraft. The ERB

instrument began providing shortwave WFOV mea-

surements from Nimbus 6 in July 1975 and from Nim-

bus 7 in October 1978 (Smith et al. 1977; Jacobowitz

et al. 1984). Because those spacecraft were placed
into orbits with near-noon equatorial crossings, their

positions were ideal for measuring the albedo of the

Earth at low and mid latitudes. Therefore, the data

sets presented here are particularly interesting be-
cause the shortwave radiometers provide broadband

measurements in a spectral range of 0.2 to 3.8 #m.

Computations of broadband fluxes from narrowband
instruments require extensive spectral corrections;

however, the corrections themselves introduce errors.

The present measurements do not require such exten-

sive corrections, thus are inherently more accurate.
Also, the Nimbus 7 ERB WFOV radiometers have

consistently provided data from a single instrument
since 1978.

Because WFOV radiometers have such a large

field of view, a method of retrieving the albedo

distribution was developed that enhances radiometer

resolution (Smith and Rutan 1990). The Nimbus 6
and 7 ERB data from July 1975 to October 1985

were analyzed with this technique, and the results

were compiled in two atlases (Smith, Rutan, and

Bess 1990a, 1990b). The outgoing longwave radiation
has likewise been analyzed and documented (Bess

and Smith 1987a, 1987b).

Nimbus 7 ERB Project personnel at the Goddard

Space Flight Center have recently processed measure-
ments from November 1985 to October 1987. In this

compilation, the resulting shortwave measurements
are analyzed to produce resolution-enhanced maps

of monthly averaged albedo and ASR. This paper

presents an atlas of these maps; when combined with

the previously published atlases, these three atlases

cover a 12-year span. Bess and Smith (1991) used

tile corresponding longwave measurements to pro-
duce monthly mean maps of outgoing longwave radi-

ation for this period in a companion paper. Nimbus 7

ERB data from 1985 to 1987 are especially useflll

because they are partially contiguous in time with

the data from the Earth Radiation Budget Experi-

ment (ERBE) scanning and nonscanning radiometers
aboard the National Oceanic and Atmospheric Ad-

ministration (NOAA) 9 and 10 spacecraft and the
dedicated Earth Radiation Budget Satellite. Thus,

the data can be used for comparison and validation
studies.

Data Processing and Analysis

From October 1985 to September 1987, the ERB

instrument operated continuously except for short

periods, when it was on a duty cycle of 3 days on

and 1 day off. This duty cycle was used early in
the Nimbus 7 mission to conserve power, but that

approach did not seriously degrade the results (Bess

and Smith 1987a, 1987b; Smith, Rutan, and Bess

1990b). However, power limitations did preclude
ERB measurements from April 10 to June 23, 1986.

Thus, April, May, and June 1986 are missing from
this set.

When the ERB instrument is on, WFOV mea-
surements are taken at 4-second intervals. Four con-

secutive measurements are averaged to produce one
value every 16 seconds. The data consist of these

16-second averages together with the time, latitude,

and longitude for each measurement. Kyle et al.

(1990) describe the data processing to account for

instrument degradation.

Monthly maps of albedo were computed from the
shortwave WFOV radiometer measurements based

on Smith and Rutan's retrieval method (1990). Also,

Smith, Rutan, and Bess (1990b) discuss their addi-
tional application of the method to 7 years of Nim-

bus 7 ERB measurements. First, monthly average

maps of the measurements are compiled in a 5 ° by 5°

grid. Then, the albedo map that corresponds to this



measurementmapiscomputed.Thealbedofield A

is expressed as a Fourier series ill longitude as

A =
N

Z exp (i (0)

where 0 and (P are tile colatitude and longitude of a
point, i is tile square root of --1, and N is tile number

of Fourier terms in hmgitude. The fn(O) terms

are also computed a,s a series, with the coefficients
determined from the measurenmnts.

The numbers of terms that can be retrieved for

each f,(O) to describe the albedo distributions de-

t ermine the latitudinal resolution of the resulting
distribution. These ,mmbers depend on tile space

and time sampling errors for tile average map and
are listed in table I for each month in the data

period. For wave number 0 (i.e., the zonal aver-
age), 28 to 34 terms are retrievable, which provides

a latitudinal resolution better than 10 °. Although

measurements are averaged into 5° longitude grid

boxes, Rutan and Smith (1991) have shown that, be-
cause of space and time variability and corresponding

sainpling problems, better results for monthly mean

maps are obtained by retaining only 12 Fourier waves
in hmgitude, which is equivalent to 15 ° longitudinal
resolution.

The albedo cannot be unainbiguously computed
near the terminator fi'om WFOV measurements. The

liufits of observability given by Smith and Rutan
(1987) and Smith, Rutan, and Bess (1990b) for the

Nimbus 7 orbit depend on time of year. The ASR

is the product of albedo and solar insolation. Thus,

even though the albedo error increases near tile ter-

minator, the insolation decreases more rapidly than
the albedo error increases, and the ASR error also
decreases.

Results

This atlas contains monthly mean maps of albedo
and ASR from November 1985 to October 1987_ ex-

cluding April, May, and June 1986; the data were

computed fi'om Nimtms 7 shortwave WFOV mea-

surements. The albedo maps (at the back of this
report) show contours with intervals of 5 percent.

Dotted lines indicate albedos less than 30 percent.
Because of the limitations of albcdo results retrieved

from WFOV measurenmnts, tile resolution is limited

to 10 ° in latitude and 15 ° in longitude. At high lat-

itudes the results are based on a priori data. The

ASR maps show contours with intervals of 25 W/m 2,
with contours of 250 W/m 2 or greater given as dot-

ted lines. Table II lists the mean zonal averages of
albedo for 5° latitudinal widths for each month of the

period.

The nearly 2 years of albedo and ASR maps in

this atlas, combined with the ASR data sets of Smith,

Rutan, and Bess (1990a, 1990b), completes a 12-year

data set of albedo and ASR. Thus, for each January,
12 realizations are among tile three atlases. The

standard deviation of the ASR for January about the

mean is a measure of the interannual variability of

the ASR and is shown in figure 1. Figures 2 to 12
reflect the same treatment for the renmining inonths.

The strongest interannual variations occur in the

tropics and subtropics from January to March; these

variations are associated with the E1 Nifio/Southern
Oscillation (ENSO) climatological events. These

ENSO events occurred during the northern winters of

1977 1978, 1982 1983, and 1986 1987. The present
2-year data set thus contributes another ENSO event
to the ASR record.

Concluding Remarks

Geographical distributions of albedo and ab-

sorbed solar radiation are presented here as a re-

source for researchers studying the radiation budget
of the Earth. This atlas of shortwave data extends to

12 years and comprises the absorbed solar radiation

data set from the Earth Radiation Budget (ERB)

wide-field-of-view (WFOV) radiometers aboard the
Nimbus 6 and 7 spacecraft reported by Smith, Rutan,

and Bess in 1990. This compilation COnlplements the

atlases of outgoing longwave radiation based on Nim-

bus 6 and 7 WFOV measurements analyzed by Bess
and Smith in 1987 and 1991.

The last 3 years are particularly interesting be-

cause, during this time, the Earth Radiation Bud-

get Experiment (ERBE) was also operating, thereby
providing an excellent opportunity for comparison

and validation studies. Also, the E1 Nifio/Southern

Oscillation event of 1986 1987 occurred during this
period.

NASA Langley Research Center
Hampton, VA 23681-(}001
August 7, 1992
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Table I. Number of Singular Vectors Used To Describe Each Fourier Longitudinal Wave Number

Month 0

Nov. 1985 30
Dec. 1985 28

Jan. 1986 32

Feb. 1986 30

Mar. 1986 30

Apr. 1986

May 1986
,hm. 1986

Jul. 1986 30

Aug. 1986 30

Sep. 1986 30
Oct. 1986 36

Nov. 1986 30

Dec. 1986 30
,Jail. 1987 32

Feb. 1987 30

Mar. 1987 30

Apr. 1987 30

May 1987 30
,hm. 1987 30

Jul. 1987 30

Aug. 1987 32

Sep. 1987 30
Oct. 1987 34

Number of singular vectors for wave number of

1 2 3 4 5 6 7 8 9 10
30 26 26 26 20 12 12 6 6 4

28 26 26 24 24 14 14 10 6 2

30 28 28 24 24 12 8 4 2 2

30 26 16 16 16 10 10 10 4 4

30 24 24 24 24 10 10 4 4 4

30

30
30

32

30

30

30

30

30

30
30

30

3O

3O

30

34

30

28

28
28

30

30

28

30

3O

26

30
3O

30

3O

30

32

22 14 14 12 12 6 6 4 4
18 18 18 6 6 6 6 2 2

22 22 18 14 12 12 8 2 2

10 10 10 4 4 I 4 4 2 2

18 18 16 16 8 4 2 2 2

28 28 28 14 14 8 8 2 0

28 20 16 14 10 10 2 2 2

24 20 20 14 14 6 6 6 6

28 26 10 8 4 4 2 2 2
26 26 26 14 14 8 8 4 4

30 28 28 14 14 14 14 8 8
26 26 26 14 14 8 8 4 2

28 28 28 14 14 10 10 10 10

28 26 24 12 12 8 4 4 4

26 26 26 10 10 6 6 2 2
30 26 26 12 12 12 8 4 4

1
11

4

2

2

4

4

4



TableII. ZonalAlbedoMeansfor 1985to 1987

(a) November1985to October1986

"LATT£UDXNOV DXC JAN FEB MAR

85-90 N .65I

80-85 N ................ .732

75-80 N .636

70-75 N ............ .6991 .861

65-70 N

60-85 N

55-60 H

50-55 N

45-50 N

40-45 ,V

35-40 N

80-35 N

35-30 N

20-26 N

15-30 N

10-15 N

6-10 N

0-5 N

0-6 S

5-fO S

10-15 $

15-20 S

20-25 S

25-30

30-35 3

35-40 S

40-46 S

45-50 S

50-55 S

65-60 S

60-85 S

85-70 S

70-76 3

76-80 S

80-86 S

86-90 S

APR MAY JT./N

•681 .... .6_7 .600 .645 ....

.570 .825 .589 .587 .589

•549 .510 .576 .535 .519

•530 .451 .554! .512 .471

.495 .404 .509 .478 .448

•438 .372 .438 .438 .417

•371 .364 373 .404 .370

•334 .360 .344 .369 .328

•318 .328 .316 .319 .300

.383 .276 .27_ .266 .264

•243 .347 .334 .237 .216

JUL AUG SEP OCT

.580 .625 .824 ....

.590 .633 .839 ....

.684 .581 .809 .809

.483 .536 .800 .610

.426 .432 .639 .615

• 410 .404 .455 .578

.435 ,418 .398 .485

• 404 .401 .390 .400

•371 .348 .384 .378

•342 .305 .338 .376

.301 .282 .389 .342

•266 .256 .276 .300

.261 .251 .266 .282

•255 .272 .339 .355

•344 .274 .338 .231

• 340 .338 .238 .303 .t99 ............ .389 .280 .265 .250

•380 .333 .342 .t97 .223 ....

• 351 .243 .255 .218 .243

.238 .358 .282 .239 .248

•248 .354 .283 .242 .244

•243 .230 .254 .236 .230

.230 .223 .243 .233 .2t8

.237 .231 .229 .228 .228 ............ .261

•288 .261 .272 .267

•259 .249 .247 .248

•231 .212 .230 .229

• 233 .204 .223 .229

.228 .225 .208 .213

.228 .227 .212 .212

.228 .242 .233

•257 .228 .223 .225 .243

•288 .245 .239 .353 .256

.286 .291 .271 .297 .295

•322 .333 .321 .341 .385

•358 .366 .380 .393 .414 ....

•402 .424 .428 .440 ! ,424
I

.292 .277 .255 .243

.3031 .330 .268 .284

.338 _ .339! .314 .312

.406 .346 .366 .360

.478 .400 .387 .378

•536 ! .487 .398 .430

.478 .481

.582 .&31 .499, .497 .534

.899 .554 .804! .596 .659

.69t .741 .845! .745 .745

.727 .886 .721 .770 .735

.721 .888 .727 .782 .715 ........

.707 .761 .719 .711 .702

•458 .466 .449 ............ .55f .587 .498 .501

•578 .824 .641 .597

.842 .857 .746 .728

.... •68t .758 .831

•707 .829

.899 .782

.692 .717
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Table II. Concluded

(b) November 1986 to October 1987

LAT ITU DR NOV DBC

85-90 N ........

60-65 N

76-60 N .........

70-?5 N

JAN FRB MAR APR MAY JUN J1rL AUG SEP OCT

.661 .635 .664 .646 .569 .619 .634 ....

•731 .655 .693 .650 .589 .600 .626 ....

•636 .677 .685 .6aa .555 .550 .603 .698

.?01 .660 .666 .609 .629 .444 .497 .588 .605

65-70 N

60-65 N

56-60 N

50-55 N

45-50 N

40-45 N

35-40 N

30-35 N

35-30 N

a0-25 N

15-30 H

10-15 N

5-10 N

0-5 N

0-5 S

6-10 $

10-16 S

15-20 $

20-35 S

26-30 S

30-36 S

35-40 S

40-45 $

45-60 $

50-55 $

55-60 $

60-66 S

65-70 S

70-9'5 S

76-80 S

ao-a5 S

85-90 S

.681 .... .637 .609 .643 .599 .577 .439 .404 .413 527 .606

.571 .834 .587 .583 .583 .530 .497 .448 .401 .391 .448 .569

.551 .510 .573 .555 .514 .484 .447 .434J .480 .413 .401 .483

.539 .450 .564 .628 ,475 .440 .400 .405 .406 .408 .899 .401

.490 .408 .517 .478 .484 .888 .371 .384 .367 .366 .888 .375

.437 .873 .455 .438 .440 .856 .361 .846 .348 .338 .881 .880

.864 .866 .397 .396 .890 .349 .331 .305 .309 .305 .280 .850

.888 .368 .360 .871 .844 .327 .397 .381 .269 .368 .379 .800

.333 .839 .833 .831 .813 .284 .279 .369 .356 .242 .385 .278

.386 .378 .378 .363 .368 .347 .348 .349 .352 .348 .259 .357

.349 .350 .238 .235 ,310 .213 .307 .287] .244 .aS5 .341 .239

.268 .340 .332 .208 .187 .190 .209 .361 .263 .255 .253 .387

.284 .288 .335 .308 .2t8 .2f4 .252 .288 .378 .278 .355 .259

.266 .240 .360 .285 .237 .357 .265 .368 .354 .373 .235 .347

.388 .260 .375 .264 .348 .358 .348 .381 .237 .329 .238 .380

.245 .262 .264 .363 .389 .381 .237 .331 .234 .207 .335 .338

.340 .340 .235 .240 .217 .324 .217 .314 .316 .335 .209 .321

.318 .383 .317 .28f .199 .332 .333 .331 .217 .230 .210 .314

.331 .336 .315 .336 .3f8 .336 .356 .369 .353 .235 .339 .338

.343 .338 .333 .333 .347 .358 .393 .383 .388 .367 .352 .359

.358 .341 .342 .346 .261 .305 .310 .288 .398 .821 .364 .376

.387 .381 .371 .391 .396 .348 .388 .341 .340 .334 .813 .315

.889 .330 .319 .386 .868 .878 .889 ,480 .414 .351 .363 .863

.876 .357 .378 .884 .431 .415 .468 .491 .484 .436 .884 .881

.405 .430 .419 .487 .480 .494 .518 .519 .580 .585 .430 .440

.465 .479 .444 .469 .450 .571 .533 .542 ,553 .630 .518 .528!

.569 .525 .487 .500 .585 .613 .552 .567 .578 .663 .646 .615

.698 .549 .598 .593 .668 .685 .594 .... .643 .674 .744 .737 i

.687 .739 .843 ,788 .750 .647 .684 .755 .833

.731 .888 .733 .764 .739 .670 ................ .705 .833

.716 .871 .739 .759 .717 .... .699 .762

.?05 .762 .730 .711 .703 .691 .717
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Figure 1. Standard deviation of absorbed solar radiation about monthly mean for ,January.
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Figure 2. Standard deviation of absorbed solar radiation about monthly mean for February.
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Figure 3. Standard deviation of absorbed solar radiation about monthly inean for March.
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Figure 4. Standard deviation of absorbed solar radiation about nloltthly Illeall for April.
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Figure 7. Standard deviation of absorbed solar radiation about monthly mean for July.
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Figure 8. Standard deviation of absorbed solar radiation about monthly mean for August.
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Figure 9. Standard deviation of absorbed solar radiat, ion about, nionttily mean for Soptonibor.
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Figure 10. Standard deviation of absorbed solar radiation about monthly moan for October.
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