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Abstract

Surface albedo measurements have, in the past, been
taken mainly near the earth's surface and from aircraft.
In this study a surface alhedo was determined from visible
data collected by the NOAA-4 polar orbiting meteorological
satellite, In order to filter out the major cause of
atmospheric reflectivity, namely clouds, techniques were
developed and arplied to the data resulting in a map of
global surface albedo., Neglecting spurious surface albedos
for regions with persistent cloud cover, sun glint effects,
insufficient reflected light and, at this time, some
unresolved influences, the surface albedos retrieved from
satellite data closely matched those of a global surface
albedo map produced from surface and aircraft measurements

and from characteristic albedos for land type and land use,
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Introduction

The albedo of an cbject is a measure of its light-
reflecting promerty. Usually expressed in percent, the
surface albedo is the ratio of the amount of reflected
radiation per unit area to the total awount of incoming
incident radiation per unit area,

Reflectivity is a function of the nature of the
surface, the angle of incidence, and the angle from which
the measurement is taken, For ligquids such as the oceans,
reflectivity varies with depth, turbidity, surface roughness
and current velocity. Albedos for solids such as snow,
vegetation, and soil, vary with color, texture, wetness,
grain size, and, in the case of snow, age. Therefore, due
to the inhomogeneity of the surface, the earth's albedos
range from small values, e.dg., 6 to 9% for oceanic regions
near the Equator, to large percentages, e.,g., 70 to $5% for
fresh fallen snow. Both changes in the solar zenith angle
and (because of non-diffuse reflective surface properties)
changes in the angle from which the reflective measurement
is made also affect the measured albedo.

Prior to the advent of meteorological satellites,
albedo measurements were taken exclusively near the surface
and from aircraft, " These produced both regional and global
maps of surface albedo (Kung, Bryson and Lenschow, 1964;

Posey and Clapp, 1964).



With the.introduction of satelli£es as meteorological
observatories, global maps were first produced from
vidicon (television) camera measurements (Winston and
Taylor, 1967; Taylor and Winston, 1968; Winston, 1971) and
then from radiometric neasurements (Raschke and Bandeen,
1970; Vonder Haar and Suomi, 1971; Gruber, 1973; Flanders
and Smith, 1975). However, these maps are of planetary rather
than surface albedo, the difference being that planetary
albedo is a measure of the earth-atmospheric reflectivity
which includes effects of reflectance, écattering and
absorption by air molecules, aerosols and clouds,

The major atmospheric influence on satellite measure-
ments in the visible spectrum is the highly reflective
nature of clouds, It is the aim of this study to develop
techniques for filtering out cloud reflectance from
satellite measurements in order to retrieve surface albedo
quantities. Moreover, a global surface albedo array
derived by these techniques has been constructed from five
days of satellite data and evaluated in comparison to other
such arrays and characteristic surface albedo values. These
techniques have been computerized by the author so that
weekly, monthly, seasonally, or yearly climatologies of
global surface albedo can be generated.,

Development of surface albedo arrays would contribute

to many areas in meteorological research, For instance,



the surface albedo is one of the essential components

in radiation and heat budget investigations, Since
differential heating of the earth's surface provides the
enerygy to drive the circulation of the atmosphere, the
global surface albedo distribution is directly related to
atmospheric circulation energetics. In atmospheric
simulation models, such as the Goddard Institute for Snace
Studies (GISS) global atmospheric circulation model
(Sommerville et al.,, 1974), a global surface albedo is cn-
of the input arrays necessary to run the model., Better
surface albedo specification would presumably lead cu:
better results in these areas.,

On the question of whether or not global atmospheric
models are sensitive to changes in surface albedo, tests
have been conducted at GISS with the GISS global
atmospheric model by Drs., W, Quirk and Y, Sud (1976) and
analyzed by the author. Two five day forecasts were
produced using the same initial conditions, but different
global surface albedo arrays. A climatological January
global surface albedo array from Schutz and Gates (1972)
was used in one forecast and a daily urdated array in the
other, This latter array was also initialized from the
Schutz and Gates array but changed to correspond to the
weekly average snow and ice boundary map produced by the

1
Satellite Applications Group of NESS (NOAA) ., It was

l1,The National Environmental Satellite Service (HNESS) of
the National Oceanic and Atmospheric Administration, (NOAA),



updated daily using a functional relationship between the
model's forecast snow depth and surface albedo, After

five days, surface temmerature differences of 5° to 15°F

and sea level pressure differences of 4 mb, occurred in

both the U,S, and Canada in regions of systematic, non-random
differences in albedo, These results indicate not only
model sensitivity to albedo variations, but also a possible

impact on forecast performance,

Data Source

The data for this study are derived from measurements
taken by the scanning radiometer aboard the NOAA 4

meteorological satellite (Environmental Satellite Imagery,

Feb, 19763 Fortuna and Hambrick, 1974; Conlan, 1973;
Schwalb, 1972)., The NOAA 4 is a sun-synchronous, near
circular, polar~orbiting satellite completing one orbit
every 115 minutes, It transits the Equator on the
descending node (southbound) at approximately 0900 hours
local time and at approximately 2100 hours local time on
the ascending node (northbound).

The two-channel scanning radiometer measures energy
in both the visible (0,5 to 0.7 pm.) and the infrared
(10.5 to 12,5 pm,) =moectral ranges, scanning from horizon
to horizon across the orbital path or track., Preflight

calibration consisted of correlating the response of the



radiometer to a brightness source of known spectral
energy output. The only onboard calibration is a baseline
determination when the radiometer scans empty sp:ice,

For the visible channel the instantaneous field of
view is a 4 km. square at the nadir (subsatellite point},
increasing to a rectangle 7.5 km, by 15 km, at a horizontal
distance 1668 km, from the nadir, At the subsatellite
point there is a 4 km, gap between successive crosst;ack
swaths of data which disappears more than 1385 km, from
the subpoint, Swaths of data from successive orbits overlap
1668 km, from nadir (satellite observation angle of
approximately 60°) at the Equator. This distance from the
subpoint decreases with increasing latitude, Forward
movement of the spacecraft combined with crosstrack
scanning provides global visible measurements every 12 or
13 orbits,

The brightness measurements taken by the visible
channel of the scanning radiometer are recorded by an
onboard magnetic tape recorder. This analog sijnal is later
transmitted to one of two ground receiving stations and
retransmitted to NESS in Suitland, Maryland for processing,

Processing includes earth location, normalization,
digitation, cropping and mapping., Each data spot must be
earth located in order to determine the sclar zenith angle

at the time of observation for that spot. The data are then



normalized to an overhead sun using a cosine function
factor of the solar zenith angle., The analog signal is
converted into digital brightness counts from zero to 254,
This is a linear conversion whereby each digital count
sepresents a range of 40 foot lamberts (i.e., digital
brightness count 0 represents 0 to 39 foot lamberts, etc.).
Digital brightness count 255 is used for missing data.

Gaps in the data stream occur periodically off the
Eastern U.S. coast near Bermuda due to insufficient data
recording capabilities of the onboard recorder, the
location of the two ground receiving stations, and shifting
orbital tracks.

For mapping purposes, one day of data, beginning
with the orbital pass where the satellite transits the
Equator at approximately 0700Z, is gfouped together, 1In
regions where data are collected from more than one pass,
the latest data are retained. This results in lines of
discontinuty on visual displays between data retained
from successive passes, and especially between data
retained from the first and last pass of the day. The
digitized data are then placed into two 2048 X 2048
square grids, each overlaying a hemispheric polar
stereographic map. These are made available on magnetic
tape throuqgh the Satellite Data Services Branch of the

National Climatic Center, Data for five days, January 31



through February 4, 1976, have been used in this study,

At the time this data set was being processed, the
digital code for missing data, 255, was not being inserted
into polar grid points which had a solar zenith anqle equal
to or greater than 90°, Any brightness recorded hy the
radiometer, whetber real or spurious was left intact in
the data stream, This resulted in non zero digital counts,
usually nultiples of 10, for grid points in the polar night
region, Photographic and facsimile maps exhibit u spotty
appearance in these regions due to this non zero field.,

This same spotty appearance occurs on maps over
portions of Antarctica and the VWeddell Sea, northern
Russia and Scandinavia for the days studied. Again the
reason for this is an insufficient amount of reflected
light., These areas are scanned on the last orbital pass
for that day, thus all the data collected, no matter how
far awvay from the satellite (i.e., large satellite
observation angles) are mapped., Any previous measurements
for this region from earlier passes are simply deleted.
Since the satellite overflies a region in the morning its
crosstrack scanner measures regions "toward" the sun and
*avay" from the sun., Regions viewed "away" from the sun
would have a greatcr solar zenith angle. This larger solar
zenith angle coupled with the retention of all data on the

last pass leads to saving data collected in the polar regions



with insufficient illumination.

Method of Analysis

The data on tape are in digitized counts of reflected
brightness from both the surface and the atmosphere. To
retrieve a surface reflected brightness the atmospheric
reflected brightness must be filtered out. Since clouds
are the major contributors to atmospheric reflection of
visible light, techniques were developed and applied to the
data to filter out this cloud effect, No attempt was made
at this time to filter out the less influential
atmospheric effects such as reflectivity due to atmospheric
aerosols or Rayleigh scattering,

The earth's surface was assumed to be an isotropic
surface (i.e., with no preferential direction of reflected
energy) thereky eliminating the effect of measurements
taken at different satellite observation angles and solar
zenith angles. This assumption was also used by Winston and
Taylor (1967), Tavlor and Winston (1968), and Flanders and
Smith (1975), for studies of brightness, long wave
radiation and albedo.

The cloud filtering technique was based on the premise
that clouds increase the amount of light reflected back
to space. For example, over a dark surface the brightness
count for a particular grid point is higher on a cloudy

day than on a cloudless day. In this study, groups of grid



point brightness counts were analyzed in the form of
histograms, An increase in the modal brightness value

is aenerally observed on cloudy versus cloudless days,

As sky conditions change from clear to thin cirrostratus
to lower, thicker stratus, the modal brightness also shifts
to higher brightness values, Overcast stratiform cloud
conditions over the analyzed region gave only one
brightness peak, Open and closed cellular cumulus,
cumulonimbus and regions only partially overlain by clouds
resulted in bimodal histograms, In this later .ase, the
lower end peak, (i.e., the peak with the lower brightness
count) and adjacent brightness counts were taken to
represent the surface reflectivity., The higher end peak
presumably represented cloud reflection,

The first cloud filtering techniéue employed was
developed to eliminate any higher brightness peaks and save
only the lower surface representative peak, In order to
carry out a low end modal searching process the hemispheric
data (2048 X 2048 grid points) were regrouped intc - gquare
grid boxes consisting of 80 qgrid points on a sida
(approximately 800 km.). This formed a 25 X 25 grid box
array for each hemisphere., A histogram of brightness counts
versus frerquency was then constructedzfrom the 6400 grid
point values for each grid box. As an examnle, figure 1

is a histogram constructed from one grid box over the

2.,A special computer program was desioned to automate
construction of the histogram, as well as the scarch
for modal brightness, and determination of characteristic
surface albedos, The Fertran code for tue program is given
in the Appendix,



[

PRSI0 000U CEINIPBREETINPEBEPLOENCDIGINNANIASUCETTrDIOITIOOITLLPEICORLTTES

POBO000P 0002000000 0C0BPRITNINOORIETIOURPECICASICEIIOIS
P APV CSIIVINSENNESIIAI0EN6009CSTVIQEINISOIRTSE

(LA R RIS R

. - PRI s i . .
.
*es
e0¢Q
Chaa e . e e e e m e e e
b
. 3 )
ct
cl
) ‘ ' v
3!
i<
« . . o« . P we e8 08 re
[ XX XTI NNT] i<
. vespesesed 3
so0vseese 1€
. sevessssre F4 Y
. B ct

"ee

(I X222 Y) (I AT YA AR TR AR NN Y]

40000 evetentnene esdorenssr o

s (X2} teesrssemsteces

POTPROE SO0 000CRCIPRCECNttOc et
C000QC00NCRELINS L IEPOORINOEOISCELEOILIEICTOIER IR OC L
CPCPEIBNSNNOR L4200 2090 ISESTYIO(TETERTINOPCOIBIITSE
COAPER S0 PPCOICPOCEIETHIPORPUIVIE NS¢t enveeeniCh sdelisccoe b

S89CL AIPOPERLEESN RIS NIGEIRSIT
S0 008 0020880000 C( S0 RO ¢ssttend

d8)¢0ésr90r 00
setdoevsItan e
etstsente ot s
0 ess s It
e 280000808000
st evessetenery
veeet st}
(A2 Z RN LN IRY )

LLEX RS

([ ETFELIEISNEYEXY TH0080000000020s8

teassderssesace

ADHN=AEADOMANIN CNCEIN P A=) e~ NORN~O~
-

N

IteONNE

ucneles

htness counts versus smoothed freqt

ig
d box over the Indian Ocean.

g e M NN NONUCMANANAF S MMM r 0@ et eI VNVINIAIAIN NIBNOOOODLCOIRNRARRARRNANNS

OANNEINORDOOCNNENINCPC=AMEVENT AR LA RNEIN AT NCwAMEeNORN A CARRIMg AN MAARANAINRS CaNRAagr T

0P8I dsesstene PIGA0RPINCIITIPOCIIETITINICEOPIRIABUTICRGEL L ¢ =
C024¢00000 040000 S0 PEN0E0SS40NEIPINIICTTOTSY CEPRI NS P40 0204000 0ER 200 ¢0RA0RTUGELOROILG L (o [
000980888000 00000 CIB40000500 00000000003 04040 80000002 OS tsecvotscerosrta
o0 8000800000 e8s0s00vc 0000, (TR}
C08400 880000000000 ¢00 b (A AR AT AN NN N ] o
0089004044008 80000 000w XY R T RYN RN TR
snee [EX XA RN N N NY
90980000000 0004000080803 eostedrvittseve PEUNNOLOCOPIRNISIOITOIONSISOROCRORI/EY W) =4
P00 NSR00 00 00 8080000000000 040 0000 00C 002200000000 BPEP POV ILIPITISICUEINTPEIOPOCOIOPOPQOIIRNRIIPEICGCIEIOEY C G m
2089050808060 000 B80S0 20800300008000008000000 000000 $0640¢00000tNssr s P}
BO00L000 20800804 00¢0PVICRIGSIOOETIRICOIRVOIIL e ,
V0800000849000 00090 0ttt d eesdvosnneirsseviennll S U
4808008080008 500 08 [(EX 2R NN N Y D
2 xr] 'Yy *esvenes ss0000s000
000500098000 000000008000008400000 000 es04s00ts00tsvnt e 0 o
200880828000 sevee s s te ot ! S
(T X 1] ] tcetonss oD
s40000ctvs0severese i1
(2RI TR YRR Y RS RYY TRY e
[ I XIZIR IS YR RYRIT ALY Y X 19 Mn . m
Besersesesanel ( ~ O
. ! e . . (24 .
e sevusracrnl 4 o B
(2202045 1982Y1S 40 *ON) NYRDCLISIMN CAHICOKS ANFOD CIKACORS INNGD WNIDY RAIVA $S3NLTIER 4 o)
. ot ‘ T 2611 sanv@ 61 sNw®I0d 1 ¢ eato £ wved0iSikese B

The lowest, middle.and

125t rowv of numbers are the brightness counts, actual frequenc

l1es

Fach star represents ‘two

ively.

respective

]
4

and snoothed frequencies
smoothed frequencies.

hig



Indian Ocean. The bottom row of numbérs are the brightness
counts from zero to 255. Above these are the corresponding
frequenciecs or number of values of that brightness measured
within the grid box. For instance, for brightness value
16 there are 264 measurements of a 16 briéhtness count out
of 6400 total measurements. A three point smoothing cperator
of the follcwing form was used on brightness values 2
through 253 to reduce the "noise®™ in the histogram:

SF, = 1/3(Fp-1 + Fp + Fp+1)

where

SF smoothed frequency for brightness count n.

n
Fn = frequency of brightness count n,
Fntl = frequency of brightness count n + 1.

Again using brightness count 16 as an example, the
frequencies of brightness count 15, 16 and 17 (369, 264 and
258 respectively) are added together and then divided by 3
to give the smoothed frequency for brightﬁess count 16
(i.e., 297). A two point smoother was applied to brightness
values 1 and 254 with the next higher and lower brightness
counts respectively.

In other words the actual frequencies of brightness
counts 1 and 254 were added to brightness counts 2 and 253
and then divided to 2 to give smoothed frequencies for
brightness counts 1 and 254,

The smoothed frequencies in figure 1 appear in a row

10



just above the actual frequencies., The stars are used to
give a more graphic representation of the smoothed
frequencies for each brightness count, Each :t*ar represents
2 frequencies up to a possible 240 frequencies (i.e., 120
stars).,

Initially a mode was determined fron the lowest 35% of
the data (i.e., frequencies being added together starting
with brightness count 1 and reaching 35% of the data).
However, for regions of clear skies the low end mode did not
correspond to the mode for the entire histogram. It did
correspond to the lower end mode in the bimodal case., Modes
from clear sky regions were studied and an empirical
relationship was derived betwecen the mode and the beginning
of the peak (basically, the first brightness count with a
frequency of 4 or more). This range ﬁas then used as a
criterion to distinguish modes of clear skies from modes
of partly cloudy skies for modal values from more than
35% of the data. Modes from the first 80% of the data and
then from 10% less datz down to 50% and then 5% less data
to 40% were checked against the range critesrion for clear
skies, The first mode which had a range within the liniting
criterion or the mode for the lowest 35% of the data was
saved. This mode was then used in calculating a mean
brightness.

In figure 1 a low end modal search process was carried

11



out for the first 80% of the smoothed frequencies., The
modal brightness value was 21 with a mode of 330 smoothed
frequencies, The range between the modal brightness value
and the first brightness value of four or more (i.e.,
brightness count 1 in this case) is 21 which is less than
the clear skies criterion and so no further low end modal
searching with successively smaller percentages of data was
conducted, Next the number of brightness counts between
the mode and the beginning of the brightness peak was

added to the modal brightness count and used to define the
end of the brightness peak._ In figure 1 the number of
brightness counts between the modal brightness count of

21 and the beginning of the brightness peak, namely
brightness count 1, were computed. This range of 20 was
then adc?ed onto the modal brightness count in order to
designate the end of the brightness peak. Brightness count
41 was thus defined as the end of the brightness peak in
this case. A mean brightness count was calculated from
smoothed frequencies of brightness count 1 to the brightness
count marking the end of the brightness peak. The mean
brightness count was 21,8 for figure l., These mean
brightness counts represent the mean surface hrightness for
that grid box. Surface representative means were calculated
for each grid box for each of the five days.

These means, however, are in terms of brightness counts



representing specified internals of énergy expressed in

foot lamberts, To convert these neans into albedo
measurements, each value must bhe multiplied by a constant
conversion factor derived by Gruber (1974), It takes into
account a solar constant of 1,94 ly.min.-l and the percentage
of total incoming solar radiation effectively sensed in

the visgible spectral range of the radiometer.

The first cloud filtering technique was used to capture
a surface representative mode for clear or partly cioudy
sky conditions., A second filtering technique had to be
applied to the data to eliminate means from regions with
overcast conditions where the satellite could not effectively
"sce" the earth's surface., A five day minimum scanning
procedure based on the work of McClain and Baker (1969) in
the reduction of cloud contamination in snow brightness
measurements and snow boundary delineation for satellite
data was used, A similar multiday minimum scanning
procedure was used by Chen (1975) for monthly minimum
planetary albedo mapping from satellite data.

From five days of calculated mean albedos for each grid
box only the lowest mean albedo was retained as the surface
representative albedo., In this final scanning procedure
the means had to have been calculated from a sample of at
least 2000 frequencies, that is, the number of smoothed'

frequencies from brightness count 1 to the brightness count



marking the end of the modal peak had to exceed 1999. This
eliminated the cases where the low end mode occurred very
close to the beginning of the peak thus giving a lower than

representative mean.,

Results

Hemispheric surface albedo maps generated from the
application of two cloud filtering techniques on five
consecutive days, January 31 to February 4, 1967, are
given in figures 2 and 4., The 25 X 25 grid overlaying the
geographical hemispheric mapn shoﬁs the boundaries of each
grid box. The lowest surface representative mean albedo
(wvhich passes the limiting criteria) for the five days is
written in each box. An I for any box denotes insufficient
light occurred in the northern hemisphere in the polar night
region and in both hemispheres due to the retention of all
data from the last pass. A 99 found in four of the grid
boxes in the northern hemisphere means that no surface
representative albedo was determined from the data. The
reasons for this will be discussed later.,

For most grid boxes the albedos are close to
characteristic surface albedos for specific types of surfaces.
Albedos for water surfaces generally fell in the 5 to 12%
range with higher albedos in the higher northern latitudes.,
Non snow and ice covered land regions had albedos of from

7 up to 35% in desert regions. Snow and ice covered areas
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exhibited higher albedos than its characteristic non
covered form. Albedos for Antarctica were from 80 to

91t. It must be noted that the scanning radiometer was
only able to distinguish a reflective brightness up to a
corresponding 91% albedo., At this point the instrument was
"saturated”,

Besides a relative closeness of most computed albedos
to the characteristic surface albedos, some computed values
showed discrepancies, For these grid boxes daily hemispheric
photographs produced from the same scanning radiometer data
were studied. The first problem was one of persistant cloud
cover over the grid box for the five days. This did not
necessarily mean an overcast condition over the entire grid
box, Boxes with as low as 7 tenths sky cover produced
unusually high albedos, These albedos have been labeled
on the maps with a bar to denote persistant cloud cover and
do not represent a surface albedo.

Other grid boxes with unusually high albedos were a
result of clouds and sun glint. Sun glint occurs only o>ver
the water and appears as a bright area. This mirror :.:fect
happeﬁs when the viewing angle is equal to the angle of
incidence of the sunlight, In the photographs this takes
the form of bright.swaths along the satellite track or
bright spots. Albedos recorded for these regions are

generally around 35%, A combination of cloudy days, missing

15



data for one or more days, and the occurrence of sun glint
on the day with the lowest mean albedo for that region,
produced higher than expected albedos,

The reason for unusually higher albedos from some grid
boxes is not as clear. In these cases clouds were present
covering less than 7 tenths of the grid box area on the day
of lowest mean albedo, These are denoted by a filled in
triangle in the lower right corner of the grid square.
Further study needs to be conducted to determine why the
high albedos are present and how to correct this situation
in the computer program,

One further point should be kept in mind when viewing
the surface representative albedo maps. When a grid box
covers two or more types of surfaces the lower albedo
(provided enough cases for that surface are present)
will represent the entire.grid box., The most numerous
example of this is for grid hoxes covering both land and
water. If the water has a lower albedo as is usually the
case then the albedo for the water would repres;nt the
entire grid box, However, if clouds covered the water for
the five days then the land albedo would be retained.

A comparison between global surface albedo arrays
derived from characteristic albedos for surface types,
from readings taken near the ground and from aircraft,
and the global surface albedo array derived from satellite

data follows,.



Posey and Clapp (1964) compiled four monthly average
global surface albedo maps drawing exclusively upon the
work of Budyko (1958) for open ocean values and defining
characteristic albedos for different land use types and
surface conditions for non open ocean areas, The average
January surface albedo map, figures 3 and 5 will be used
for comparison,

Southern Hemisnhere

Discounting grid boxes with persistent cloudiness,
sun glint and unresolved errors, the satellite albedos
derived for the open oceans exhibit a fairly good agreement
with Posey and Clapp. The range is from 5 to 12% as opposed
to 6 to 9% for Posey and Clapp. The satellite derived maps
show more geographical fluctuation owing to the fact that
these are five day minimums rather than monthly means. The
systematic stepwise increase in albedo found in Posey and
Clapp is not present in the satellite derived maps.

Antarctic albedos are generally higher, 80.to 91%
than the near uniform 80% albedos of Posey and Clapp. Four
grid boxes in the eastern section of the continent which
cover both land and water depict the case where the land
albedo is higher than the water since the water is covered
by persistent cloud;. The retrieved albedo would then be

the lower, cloud albedo for these cases. Thus thesc boxes

are marked for further study.
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Fig.2. Surface albedos derived from satellite data,
January 31 - February 4, 1976, Southern llemisphere.
Albedos are given in percent. A bar over an alhedo
indicates persistent cloud cover over five days. A
double asterisk above an albedo indicates sun glint
contamination. A & in the lower right corner of the
grid hox means that the albedo was unrepresentative
for reasons as yet unclear. ‘




rig.3. Normal surface albedo, January, Southern Iemisnhere,
Solid lines in Antarctic waters are northern houndary of
pack ice (heavy) or boundary of ice regions (light). No
snow boundary indicated..- Humbers are albedo in percent,
(Taken from Posey and Clapp).
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Australian albedos do not show éhe large range of
albedos found in Posey and Clapp.. Numerous reasons for
these differences such as grid size, solar zenith angle at
time of observation, uncharacteristic soil wetness, changes
in land use since 1964, etc., could be ascribed for these
differences but the cause(s) is unclear at this time.

Agrcement is very close, 7 to 1l3% compared to 7 to 10%,
for most albedos in Southern Africa. The portion of South-
western Africa with albedos from 18 to 30% is not appearant
on the satellite derived map.

Slightly higher albedos, up to 5% occur over most of
South America except along the western coast.

Northern llemisphere

Most open water albedos are again close to those given
by Posey and Clapp. Fluctuations of albedos for the same
latitude still exist, however, at high latitudes the increase
of albedo with increasing latitude is foﬁnd in both maps in
the North Atlantic and North Pacific oceans,

High albedos from 49 to 59% due to sea ice are found in
three grid boxes: one covering the Bering Straits, another
extending from the southwestern edge of Greenland across to
Labrador and a third in the Shelikhov Gulf, north of the
Sea of Okhotsk between Siberia and the Kamchatka
Penninsula., In order to verify the existence of sea ice

in these arcas at the time the observations were made,



7| Bl 9taofr1irzlralinl1sing |17 12 ho fon | 21| 27 23] 21 29

131312 |
> 11616 1)
23'2h 15
o |p2 25 115 |n
52 63 it;m

AR AT W0

120 fb& 8 T--f.?'r [13
'A\Mh" }}“Th'?
s ﬂ« ;«1? 15 11
la)aliy 8 1013 | 5 |
69016
J917-71817
REuBaanap4ann
7 L04;35urla_ \ ) z// ::j
i

=

740197 o s

=4 6 b
=& g [ e
! 2 7;_._._-1._..j_._~, 3 P e

.Pig.4., Surface albedos derived from satellite data,
January 31 = February 4, 1976, Northern liemisphere.
Albedos are given in percent., A bar over an albedo
indicates persistent cloud cover over five days., A
double asterisk above an albedo indicates sun glint
contamnination, A &4 in the lower right corner of the
grid box means that the albedo was unrepresentative

for reasons as yet unclear, An albedo of 99 represents
missing data.
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*Fig.5. Normal sur!/“ce albedo, January, Northern lenisphere,
Numbers are albedos in percent., leavy dached line over
northern oceans is boundary separating ice navigable
to ice breakers from that navigable toc heavy ships: over
land, snow boundary (or line of 50% probability of snow).
Light solid line mainly in Artic Occan, boundary of solid
pack ice., Light solid lines over land are discontinuities
in albedo, following land-use boundaries,

(Taken from Posey and Clapp).



19

weekly average snow and ice boundary (WASIB) maps for the
periods January 26 to February 1,.1976 and February 2 - 8,
1976 are included, figures 6 and 7. These maps are produced
by the Satellite Applications Group of NESS (NOAA) using
photographs derived from data from NOAA-4 and SMS-1
satellites, Sea ice boundary extents are cdenoted by circles,
The lowest representative surface albedo for the Bering
Straits grid box was recorded on January 31, 1976 when sea
ice was present. Ice conditions changed the following week
according to figure 7., Ice conditions-for the other regions
remained the same for the two week period.

Four 99 values appear in the Northern Hemisphere. A
value of 99 means that no surface representative albedo
was recorded for any of the five days. This resulted
when an insufficient number of cases comprising the low end
peak was present for eath of the five days. Mostly cloudy
skies over the five days woul. cause such a condition,

Surface representative albedc: for Central America, the
northern portions of South America and Africa are in close
agreement with those of Posey and Clapp. The higher albedos
for the Sahara desert stand out well in both maps, with the
satellite derived values slightly higher, 35% as opposed
to 30%.

The albedos are also in close agreement in the Arabian

Penninsula except for grid points covering Loth land and
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water, For these the lower albedos for water predominate,

Albedos are somewhat lower in Iran, Afghanistan and
Pakistan for the satellite derived maps and slightly
higher in India, Southeast Asia and the non desert areas of
China. The desert regions of China, exhibit albedos of
20 to 30% in Posey and Clapp whereas they range from 16 to
24% in the satellite derived albedo maps,

The snow boundary extending from the Caspian Sea to
the Pacific Ocean on the WASIB maps and on Posey and Clapp,
denoted by a dashed line, lie close to each other except
the former displays snow cover in the Himalayan Mountains,
Albedos to the north of.the snow boundary are similar with
40 and 50% albedos near the boundary and decreasing to the
upper 20's, 30's and 40% albedos farther to the north on
both maps.

In Europe the snow extent on the WASIE maps is more
widespread than on the Posey and Clapp map, Higher
albedos of 31 to 47% occurred in the non snow covered
regions of 13% in Posey and Clapp.

The snow boundary line for North America was fairly
close for the Posey and Clapp and the WASIB maps. Judging
from the depth of cnow on the ground maps, for February 2

and 9, 1976 (figurcs 8 and 9) extensive melting of snow in

the midwest and western plateau regions was indicated for the

week preceding February 2, 1976, with widespread snowfall in

20



OLPIH OF SNOW ON THE GROUND, INCHES = ,u:,‘
Febivory 2, 1976 ° w s ,_.s‘( | /.s
s’ " an
227 El3

B
24 i

T ——— ..I.'I-u-"
= |- Cmy |
' . t

Mot

s"'1

T oeag s \‘ r
. ~
o . = \-‘\ e . WIS BAP 18 BASID LAY OulLe - !
'.\\\‘\ SITitTS Aah Lintite B o 3 %7
2z w o N X T, R
A ALASEA .“ ::'u‘t::::.llal BAUNE TRL LINIT OF LAST MEERS  Fwapeisuns welees
Con e Naticnal Weather Service. NOAA . Based on prelininary telegraphic reports

Fig.8. Derth of snow on the ground, February 2, 1976.
(Taken from Weekly Weather and Crop Bulletin, February.3, 1976).

DEPIH OF SNOW ON THE GROUND, INCHES " N oan B2
Fcbru?ry 9.1976 # 25 » - ;‘(;‘_'{5
I TN S . 11 29
e, o, T T B
S T T n - w8 axirEn
e e e e e N
: ' "“"‘_“I‘.: e

T vew T » .

ok BUAY RANTAIN ARIA 1Y LIVPIL Supe 4 Vg sorker  aeterred
. o v A0 LINL Beusd Thi LE«ly oF LAST sLlED Wrape et ve aeman,
.. ~” Nations! Weather Service, NOAA X% (it Pased on prchiminary telegrephic repons

LSRR

e

Fig.9. Denth of snow on the ground, Tebruary 9, 1976.
(Taken from Weekly leather and Crop Dulletin, February.10, 1976).



the following week, Melting snow and snow free areas
characteristically have lower albehos than the same regions
with fresh fallen snow, 2s expected albedos in the north
central U,S., and RPocky ountain states have lower albedos,
16 and 17%, than 45 and 55% for Posey and Clapp. The non
snow covered southern states have identical albedos. The
grid boxes in the southwestern states and south into Mexico
display differences possibly linked to ground wetness and

a mixture of soil types. Except for HlHudson Bay, both maps
exhibit similar albedos over Canada. Aiaska's albedo of
38% is the same for Posey and Clapp except near the southern
coast where Posey and Clapp note a 62% albedo region,

Conclucsions

The cloud filtering techniques applied to satellite
scanning radiometer data in the visible spectrum enabled
the production of a global surface albedo map with quite
reasonable values., Open water albedos were generally 7 to
11% and increased to 21% in the higher northern latitudes,
Three regions with extensive sea ice had albedcs of 49 to
59%, Non snov and ice covered land albedos ranged from
7 to 16% with albedos from the mid 20s to 35% for desert
regions. Snow covered lands dismlayed high albedos from
the mid 20s to 63%. Albedos for Antarctica were normally
high ranging from 80 to the radiometers upper limit of 91%,

Incorrect albedos did, however, still remain in the
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global albedo map.

Disregarding regions of insufficient
reflected light due to the tilt of. the earth and data
retention procedures used on the last pass of the satellite,

some unusually high alhedos were caused by persistent clouds

over the regions for five days, by a combination of clouds

and sun glint, and by other not as clearly defined influences.

Further study needs to be undertaken using more days for

minimum surface albedo retrieval, and a‘smaller minimum

sample size than the 2000 used in this study for a

representative surface albedo determination for cach grid box,

Nevertheless, a comparison of global albedo maps, one

derived from satellite data and the other frém surface and

aircraft measurements and characteristic albedos for specific

land use and land types showed two quite similar maps for

all surface conditicns.,
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C CrECK FCRR CLEAR SKIES HISICGRAMS(HIGH FREQG CVER SMALL RANGE)..LE.52))
ISN G120 IF(( IHISE—~TIHISB)LE«S2) GC TC 148 .
ISN Q122 IF{PCENT «GT2aaS2)PCENT=FCENT-C(05
1SN GL24 PCENTI=PCEI-1-0,0¢
ISN G123 GC 1L lacz
C IrISE CAN BE PeVe Z5a
ISN C12¢& c 148 IF(IFISCE «GTe250) IH!SE 254 .
C COMPUTE SEAN AND STANDARD OEVIATION OF LOW END lLOH BRICHINESS
C VALUES) HISTGGRAM
ISN Cl128 suUM=Ce
IsN C129 DEv=Ce
IsN €120 tWnUM=C
C
C MEANS AND SeDe FROM FREGUENCIES CF BeVe 1 TC INHISE (IHISE CAN BE 25a)
ISN 0121 DO 127 KS=1s1HICE
15N Cl132 KU=KES+1 '
(=~ CL33 SLM=SUMAKERISFREGUKUWNTLY,
1z Cl3s PUNMSAUVMHTISFREQ(KUWNTL)
Pew Uy 127 7=l VAK SR el SEFROGCIKL WNT)
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NO STATISTICS FCR HISTOGREME WITH A SUM CF FREQUENCIES +.Te. 30C
IF{NLM.GE. 200) GO TC 165

YRITEL{Ce16C) IHISBs IHISE+PMLM
160 FURMAT(/+4X4*SUN OF FREGULENCIFSeLT«300%, /744X, * [HISE=", 14,
ITHISE=?%,14,7 SUM CF FFEC IN LCW END STATS PCRTION=',14)
WRITF(S)IFETOAFNEANC{IAFRECQ(LH NI ) oL H=]1 ¢425€) s IFFREQ«FSCEV.FSDEV,
1 NUMSIHISH «IMHISEIMUSEBVYNCDESF JPCENT
GC TC &2

168 XMEAR=SULNMN/ANUMA
AMEANS ([ XVELAN®0e 3601)
CIFF=NULV¥OL v=SUNE%2
Civ=CIFF/Z(ALNME(NUM—1))
SCEV=ESGLRTI(CIV)
ASLfVl:(x\EAh—CDEV)#O. 6C1

ASLEVA=(XMNEAN+SCEV)I*Ce 26C1
vIRITE (S IL)AVFAN'ASUCVIQA DEV2+1IHISE.MOCEBV +IHISE,MCDOESF.NUM,
1 PCLMT
L7C FURIAT(/ . GX s *NEAN ALEEC(='4F0e2¢4 X% ALEECC RANCE(L STANLUEV)=O
1 FlhGoeZe?! TT 'eFTal/eaXe'lHISB=*4[4,* MCOEBV=* .14, ITHISE=*,14,
2 ¢ MUDESF=9,185.? NLN=,[5," P CENT CF DATA SEARCHED=® F4.2/7)
WRITE(Y)IFETOACAMEANSIIAFRECILHoNT ) sLH=]1 425€),
I(ISFIEG(LZON I)+LI=1925€) «ASDEV] « ASDEV2.
2 DNUMGiHIS2 o I=ISEMCOELB Ve MCDESSEWFCENT
S3 waTIh\k
vPl1t{u.$c)hLNRLC.IOQC(.hA-!\ALE.!VALE.IlVALBgIIVALE
BO FCRMAT(/ 4/ ' LAST RECCFD KREAL=*9 1S, Xe®168800=0, ISs3X+*"NA=?, 14,/
1 " IVALI=® ol Sa3Xxe "IVALE=®*,15H 3Xe 11 VALB e lSeIXe*1IVALE=Y91S0¢/0
AT EE RN RS LR R R RN R R R SRR R R E R R R E R R R R R RSS2 RS R S A D]

2% CONTINLE
CENDFILE S
PAUSE * NMCUNT NEXT TAPE(FF) CN LCG 8° .
IFSTCA=1FESIDA%] .
.FULIFSTUASLES11G63) GO 1C &
STOP
END

——d
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