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ABSTRACT

The present status of surface albedo parame-
terization in three dimensiocnal eclimate models 1is
reviewed and found to he inadequate. This is be-
cause present data sets do not sufficiently
account for the highly wvariable nature of surface
albedo. Ground truth observatlions are presented,
exemplifylng this wvariability 1in time and space.
Case studies show the albedo of surfaces covered
by fresh deep snow varled by 61% as a result of
different vegetatlion densities. The range of
spectral reflectivities in this case was U45% in
the near infrared (NIR, 0.7-2.8um) and 72% in the
visible (VIS, 0.28-0.7uym). The albedo varlation
of these same surfaces was only 10% 18 days later
when the ground was almost snow free. The range
in reflectivitles when the ground was snow free
was greater in the NIR (18%) than in the VIS (8%).
Examples also show the variability of surface
albedo due to differences 1in the spectral
distribution of 1incoming radiation and due ¢to
changes 1In surface molsture. Satellites offer the
best potentlal to Iimprove the albedo data sets.
However, the task can not be successfully comple-
ted without an extensive well documented ground
truth program

1. INTRODUCTION

Approximately one quarter of the 1ncoming solar radlation 1is directly
absorbed in the atmosphere. Twice as much energy reaches the earth's sur-
face, which 1s the princlpal level at whilch the atmosphere 1s heated. Sur-
face albedo measures the efficiency of this heating. It 1s only in recent
decades that the 1importance of surface albedo 1n the eclimate system has be-
come fully realized. Surface albedo 1s one of the critical variables 1n
three dimensional climate models. Unfortunately, the data from which the
climate modelers can draw the needed information 1s 1insufflecilent. Avalla-
ble references do not adequately account for the Faect that the albedo of
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most natural surfaces 1s a senslitlive tlme dependent parameter which varies
not only wlth the developmental state of the vegetatlonal cover, but also
with surface molsture, angular and spectral distribution of Incomlng radla-
tion, ete. Differences between albedo sets are largest over land in the
middle and high latitudes where snow cover is a transitory feature.

In thils paper, the present status of albedo parameterization in cli-
mate models 1s reviewed. Examples of the variable character of surface
albedo over land follow, exemplifyling the rudimentary nature of present
parameterizations and suggesting the types of ground truth needed to
improve surface albedo sets complled from satelllite data

2. MODEL PARAMETERIZATIONS

The method of albedo representation employed varies amongst climate
models. In simple energy balance models, (see, for example, Budyko, 1969;
Sellers, 1969; Cahalan and North, 1979; North et al., 1981), the system
albedo is generally parameterized as a Function of zonally averaged surface
temperature. More complicated models handle surface atmospherlc reflection
separately. Table 1 reviews the land surface albedos used in a wide selec-
tion of general circulation models (GCHMs). Carson (1981) grouped the
treatment of snow free land albedos 1into three categories; 1) a slngle
fixed value for bare land, 2) land albedo specified as a funection of lati-
tude only, 3) specified realistlic geographic distribution of fixed albe-
des. The general trend in GCMs 1s towards the third category.

Carson (1981) and Henderson-Sellers and Wilson (1983) identify three
types of anow covered and ice covered surfaces as recognlzed in GCMs; 1)
surfaces with an instantaneously variable depth of snow elther predicted or
implied, 2) permanent or seasonally prescribed snow or ice covered land, 3)
permanent or seasonally prescribed areas of sea 1ice. There are numerous
?arameteg'ization schemes employed to model the albedo over snow and lce
Table 1).

3. GLOBAL SURFACE AIBEDO SETS

There are baslcally two ways of compiling global surface albedo for
use 1in climate models, a) a satellite data composite and b) a geographic
land type classificatlion with albedo values assigned to each recognlzed
surface type. Figure 1 illustrates three global albedo flelds. Surface
albedo 1in (la) was derived by Preuss and Geleyn (1980) from Nimbus 3
satellite data analyzed by Raschke et al. (1973). Figure 1b is Posey and
Clapp's (1964) reconstruction of surface albedo, based on a compilation of
ground and alrcraft measurements applled to classifications of vegetational
cover. The map of Hummel and Reck (1979) (lec) is an update of the earlier
works of Posey and Clapp (1964) and Schutz and Gates (1972), supslemented
by the results of newly acqulred ground observatlons.

Other efforts to generate global surface albedo sets usin: varlous
land classificatlons (method b) include ones by Kung et al. (19G4), Kukla
and Robinson (1980), and Robock (1980). Recently, a new data set developed
by the CLIMAP group (CLIMAP, 1981) parameterizes albedo in 2°x2° blocks
separately for wet and dry snow free and snow covered conditions, using a
combination of methods a and b.

Difficultles 1n complling global data sets by method b include, 1)

finding a classiflicatlon system best related to surface albedo and 2)
obtalining appropriate albedo observations for each category under a varlety
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of surface and atmospherie conditlons. Satellite composites have the
advantage of monitoring conditions over wlde spaces in dally and even
shorter intervals. However, diresct interpretatlon of satellife data 1In
tepms of surface albedo 1s impossible without adequate ground truth.
Ground truth 1s needed to calibrate satellite image brightness under a
varlety of atmospheric conditions, correct for the spectral limitations of
most satellite sensors, relate bidirectlonal satellite measured
reflectances to hemlspherle albedo and to take 1nto account variatlons due
to clouds and the diurnal ecycle.

4, SURFACE AIBEDO OBSERVATIONS

The major limitation 1in the creatlon of any representative data set 1is
the consliderable spatial and temporal variablillity of surface albedo.
Figure 2 illustrates thls varlabllity, showing the change of surface albedo
of a snow covered reglon northwest of New York City. Data was gathered in a
continuing program 1involving the collection of photographically documented
albedos over typical mlddle latltude surfaces throughout the year. In this
particular case, shortwave albsdo (0.28ym-2.8um) was measured using wingtip
mounted Eppley pyranometers on a low-flying aircraft over a prescribed 100
km route. Six flights documented the decrease in surface albedo followlng
the blizzard of February 11 and 12, 1983, The storm deposited approximate-
ly Y45-65 cm of snow in the study area over a 1l0-15cm base. Daily high
temperatures during the 2/14-3/3 perlod monltored ranged between 2°C and
14°C, averagling 9°C. No measurable snow fell during the 18 day period and
no slgnificant rain occurred until 3/2, when approximately 25 mm fell over
the area. On 2/14 the snow surface albedo was only 1-2% lower than the
fresh snow measured at the end of the snowfall. On 3/3 only scattered
patches of snow remained, keeping regional albedos slightly higher than the
annual mlnimum. Observations of particular interest include:

1) The 61% range in albsdo over surfaces with different vegetational
cover under full snow on 2/14. The range decreased to 10% on 3/3.

2) The 8% drop In albedo from 2/142/18 over surfaces with 1little
exposed vegetatlon (A-C). An identical drop was measured on the ground
over a fully snow covered test slte near the flight path. This change 1s
attributed predomlnantly to snow metamorphosls and partial snow conta-
minatlon. Also, the snow pack was molster on 2/18.

3) A larger, 14%, decrease 1in albedo during the 2/14-2/18 interval
over the area with shrubs, tall grass and herbs (D). Here, the proportion
of exposed dark vegetation rapldly inereased as the snow depth dropped.

4) The timing of the largest drop in albedo. This occurred during the
first week in areas with tall vegetatlon but during the last week over the
open flelds.

5) The albedos of surfaces D-G were halfway between thelr maxlmum and
minimum values by the 7th day, whereas areas A-C took between 10 and 12
days to reach this mark.

The relatively rapld decrease of surface albedo following a signifi-
cant snowfall, such as 1illustrated in figure 2, does not occur when the
datly high temperatures remain close to or below freezing over extended
periods following an event. For 1lnstance, we have recorded an albedo drop
of only 9% over a short grassy fleld, from an initilal value of 8U%, over a
14 day period when high temperatures ranged from -11°C to 4°C, averaging
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=3°C. One raln and snow event (30mm water equivalent) occurred in the
mlddle of thils period which resulted in no change in snow depth or increase
in albedo.

Surface molsture 1s a critical variable affecting the albedo of a snow
free landscape. Values for 1light sandy as well as wet dark peaty soils in
the test area show drops amounting to 50-60% of their dry state albedos.

Differences In surface albedo were also found to be due to the varying
distribution of 1incoming radiation. This 1is weighted more heavily toward
the visible (VIS, 0.28uym - 0.7um) on cloudy days. As a result, the albedo
of a snow free grassy fleld In the test reglon on a cloudy day in April was
11% while under clear skles 1t was 22%. Incoming radiatlon 1in the near
infrared (NIR, 0.Tuym-2.8uym) amounted to 32% of the total lncoming shortwave
radlation on the heavily overcast day (atmospherle transmissivity 7%) and
to 50% on the clear day (transmissivity 70%).

The range in NIR reflectivity of the surfaces shown in figure 2 when
fully snow covered on 2/14 was 45% (68%, area B to 23%, area G). The range
in VIS reflectivity was considerably larger at 72% (88% (B)-16%(G)). On
the contrary, when snow free on 3/24 the range in the NIR was larger than
in the VIS. It was 18% (between 10% (B) and 28% (A)) in the NIR and 8%
{(between 4% (B8) and 12% (A)) 1in the VIS. This 1is primarily due to the
dramatically different spectral responses of snow and vegetation. Snow
reflectivity 1s high in the VIS and low In the NIR. The reverse holds for
vegetation.

5. CONCLUSIONS

Present parameterizations of snow free and snow covered surfaces in
climate models are lnadequate. The variable nature of surface albedo in
space and time requlres a detalled data base. Satellites are the optimal
source for obtalning this 1information. However, wlthout extensive well
documented ground truth the utllity of satellite surveillance 1s res-
trlicted. Observatlons made as part of a recent survey in an area northwest
of New York Clty exemplify the need for improvement of surface albedo
parameterization schemes presently employed in climate models.
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Table 1. Surfacs albedoes used in atmospheric genernl circulation climate models

EXAMPLE CENTRE/REFERENCE ! MODEL | SNOW- AND 1CE-FHEE ﬂJnFa\l:ESIBNOH- AND 1CE-COVERED SURFACES

Atmaspheric Environment

No specific details but

Follown Holloway and Manabe

Service (Canadal AES  implied geographical dis-  (1971) - Equation i5) - see
foer and McFarlane (1979) tribution hnsed on Posey GFOL
and Clapp (1064}
Australian Numerical Latitudinal variation Snow albedo prescribed as
Meteorology Research ANMRC bamed on Fosey and latitudinal variation of =.
Centre Clapp (1964} w (sea-ige) = 0.07
McAvanay ot al. (1978)
Computing Centra, 0.2 lare ground Snowi 8 = 0.2 + 0.4 9,
Siberian Academy of CCSAS = = o & 0.6
Sciences 0.1 ocaan
Marchuk =t al. (1979) (Same as NCAR)
Tce: = = 0.b
Geophyaical Fluid Geographical distribution Smow - Equation {5)
Dynamics Laboratory GFDL  based on Posey and Clapp
llolloway and Manale (1964 ) sye (0.6 .ulld“ 4= lem
(1971} o=
0.6 d__ zlem
aw
Poleward of 757 lat., albedo
for land and pack-ice U.753.
Manabe and Stouffar GFDL Geographical diatribution Sea 1ce: 0.5 for lat. (55“ a
(15980) based on Fasoy and Clapp 0.7 for lat. »66.5
(1964) 0.45 if top melting
Goddard Laboratery for GLas Fabe Geographical distrib- Snow/lce 0.70
Atmospheric Sciences ution based on Fosey and
Halem st al. (1979) Clapp (1964)
Aug. Charney ot al. (1977) llolloway and Manabe (1971)
tated land 0.14 Equation (5) - mee GFOL
rt 0.35
Ocean 0.07
Goddard Institute for aiss Land - i vegetation types Snow fres ice: 0.05 ocean
Space Studie have aeasonally 0.5 land e
Hansen et al (1983) varying albedoss Snow albedo: s = 0.5 ¢+ ¥
(nro4;0-7 Jo-ang Ground partly snow coversd ., .
¥ 47 e albsdor ® g ¢ (o = %) (o™ s/ Pmasicl
Twn apactral regions
Meteorological Office, ~level model: Snow! /2
Xa UKMO gnw—irao Tond values vary = 83 + 0,38 L,
Corby ot al. (1977) with latituds g 0.0
Nange 0.150-0.227. Similar to Holloway and Manabe
(1971), Eguation (5) - GFOL.
Sea-ice and permanent snow cover!
qef 0.8 Tre 271,26
0.5 Toy 271.2K
Saker (1975} UKMO ll-loval model: Transiant snow cover 0.%
and U.2 Permanent snow cover, land=
Sen (whers effective)0.06 and mea-ice 0.0
National Center for Originally: Originally:
Atmoapheric Hesearch NCAN Geagraphicnl distribucion Snow or 1ce:
Washington and Willlamson based on Mosey and Clapp ® & 0.2« 0.0 d 1 §)
(1977) (1964} . = < 0.6 . ’
Dickinson et al. (1981 Third-genoration model: two Third-genoration model:
unpuba g apectral regions -7 jm and Snow albedo function of age and
2 0.7 pm. Dapendence on depth of spnow - two spectral
vegatation type and extent. regzions.
Urngon State University asu fGeographicnl distribution Fixed value.
Schlasinger and Gates based on Posey and Clapp
(1979} (L96h) and modols 7 surface
types.
Rand Corporation RAND Geagraphical distribution
Gates and Schlesinger baned on FPosey and Clapp
(1977) {1964}
University of California UCLA Dare soil O.1h Snow covered 0.7

nt Los Angeles
Arakawa (1972)

Ocoan 0.07

Ice-covarad aoil or sea water

0.4

where (1) d__ ia the water squivalent depth of snow femd.
(44) mige is the snow age (days).
{idid) d ia the vegetation anow mamking deplh vnuivalent thickness of water (cm)

(1w) ‘1‘13 the anow=free land alledo.

after Henderson-Sellers and Wilson, 1983
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1980) ;

and Hughes, 1982)

{a) surface albedos derived from satellite derived minimum
albedos (after Preuss and Geleyn, 1980);
Dynamics Laboratory surface albedos

(b) Geophysical Fluid
(redrawn from Preuss and Gelevn,

{c) surface albedo map drawn from annual average surface
2lbedo values of Hummel and Reck (19792).

(from Henderson-Sellers

476




80

s

7]

60
2
=
= N
=
|
(4
T &)
F
20 A [
: G .
“._
L = £
| | 1 1 | 1
BEE ol 15 7 % 1 g
DepThs(cnl, o 22-17 12- B 0 00
Fife:  lgso %y Bl 15 o

Figure 2. Albedo over a variety of surfaces in southeastern lew York

and northern New Jersey from February l4-March 3, 1983, Data are from
6 photo-documented flights. Snow depths are the average znd minimum
measured in a vegetation free dark soiled onion field (B) and a level
deciduous forest (F). Other surfaces include: (A) corn field with ex-
posed light sandy soil and corn stalks, (C) short grass meadow with
widely scattered trees, (D) tall grassland with shrubs and herbs,

(E) lightly wooded residential develcpment and (G) mixed coniferous
and deciduous forest (approximately 502 conifer-hemlock) .
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