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[1] The Clouds and the Earth’s Radiant Energy System
(CERES) and the Multi-angle Imaging SpectroRadiometer
(MISR) on Terra satellite measure the Earth’s top-of-
atmosphere (TOA) albedo in broadband and narrowband,
respectively. This study presents the first direct comparison
of the CERES and MISR albedos. An algorithm for
converting the MISR spectral albedos to broadband is
derived. The MISR and CERES albedos for overcast ocean
scenes are compared between 75�S–75�N for solar zenith
angles �75�. For overcast 1� � 1� ocean regions, the
relative differences and the relative root-mean-square
(RMS) differences between the MISR and CERES
albedos are �0.8% and �4.3%, respectively. Accounting
for a �2.0% error in the MISR albedos due to narrow-
to-broadband albedo conversion errors, the RMS difference
between the MISR and CERES albedos due to angular
distribution model (ADM) differences is estimated to be
�3.8%. The remarkable consistency between the CERES
and MISR albedos for overcast oceans suggests that both
instrument teams have derived accurate corrections for the
radiance anisotropy of cloud scenes. This consistency will
strongly enhance the confidence in the temporal trends of
cloud albedo measured by the CERES and have significant
impact on climate studies. Citation: Sun, W., N. G. Loeb,

R. Davies, K. Loukachine, and W. F. Miller (2006), Comparison of

MISR and CERES top-of-atmosphere albedo, Geophys. Res. Lett.,

33, L23810, doi:10.1029/2006GL027958.

1. Introduction

[2] The broadband albedo of the Earth, defined as the
percentage fraction of incident solar radiation reflected by
the Earth, is a fundamental climate parameter. A gradual
change in global albedo of only 0.002 per decade is
equivalent in magnitude to the current 0.6 Wm�2 per decade
anthropogenic total radiative forcing [Intergovernmental
Panel on Climate Change, 2001]. One of the challenges
involved in determining albedo from satellite instruments is
the conversion of measured radiances to radiative fluxes,
from which albedo is derived. Suttles et al. [1992] has
shown that the radiance-to-flux conversion problem was a
major source of error in the Earth Radiation Budget Exper-
iment (ERBE) [Barkstrom, 1984]. One of the goals of the

Clouds and the Earth’s Radiant Energy System (CERES)
experiment [Wielicki et al., 1996, 1998] was to significantly
improve the accuracy of satellite-derived TOA fluxes by
developing new empirical Angular Distribution Models
(ADMs) from the CERES broadband radiance measure-
ments and the Moderate Resolution Imaging Spectroradi-
ometer (MODIS) [King et al., 1992] cloud property
retrievals [Loeb et al., 2005]. Recent validation studies
[Loeb et al., 2006a, 2006b] confirm that radiative flux
accuracy has improved with the new CERES ADMs by at
least a factor of 2 over the ERBE, and that systematic angle-
dependent biases in the ERBE global albedo are not present
when the new CERES ADMs are used.
[3] An alternate approach for estimating albedo is to use

a ‘‘simultaneous’’ multi-angle observing strategy, in which
measurements from a region at more than one angle are
acquired within a period of several minutes [Buriez et al.,
1997; Diner et al., 1999]. The Multi-angle Imaging Spec-
troRadiometer (MISR) [Diner et al., 1998] on Terra views
the Earth by measuring the intensity of reflected sunlight at
nadir and 26�, 46�, 60�, and 70� forward and backward of
nadir along the spacecraft track, at four spectral bands:
0.446 mm (Blue), 0.558 mm (Green), 0.672 mm (Red), and
0.866 mm (NIR). A unique feature of the MISR is that
albedos are derived from nine near-simultaneous measure-
ments of the same target instead of just one angle [Diner et
al., 1999]. Furthermore, the MISR albedos are derived at a
higher spatial resolution than has been hitherto possible.
[4] By necessity, deriving albedos from either the

CERES or MISR radiance measurements involves making
a correction for the angular dependence of the radiance
field. The objective of this paper is to examine the consis-
tency between TOA albedos from the CERES and MISR.
Since the CERES and MISR teams have developed inde-
pendent approaches for estimating TOA albedo, this is a
unique opportunity to assess how the two albedo datasets
compare with each other. To perform the comparison, it is
first necessary to derive a narrowband-to-broadband albedo
conversion algorithm to convert the MISR spectral albedos
to broadband. Section 3 describes the algorithm used here
based on a new CERES-MISR-MODIS dataset. Using the
narrowband-to-broadband albedo conversion algorithm, the
MISR spectral albedos from the MISR Level-2 TOA/Cloud
Albedo Data product are converted into broadband albedos
and compared with the CERES broadband albedos. In this
initial study, we restrict the analysis to overcast ocean scenes.

2. Observations

[5] The CERES, MODIS, and MISR instruments aboard
NASA’s Terra satellite make critical measurements of cloud
and aerosol properties and their effects on the solar radiation
budget and global climate. A combination of the CERES
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and MODIS measurements is used to produce the Single
Scanner Footprint TOA/Surface Fluxes and Clouds (SSF)
data product (E. B. Geier et al., Single satellite footprint
TOA/surface fluxes and clouds (SSF) collection document,
2001, available at http://asd-www.larc.nasa.gov/ceres/
collect_guide/SSF_CG.pdf). Recently, the multi-angle and
multi-channel radiances of the MISR Level-1B2 ellipsoid-
projected data were merged with the CERES SSF dataset by
convolving measurements in each of the nine MISR angles
with the CERES point spread function (PSF) [Loeb et al.,
2006b]. The merged SSF and MISR dataset (SSFM) pro-
vides coincident measurements of spectral radiance from the
MISR and MODIS together with broadband radiances from
the CERES. This makes it possible to convert the MISR
spectral radiances at the 9 viewing angles into shortwave
(SW) radiances, which is the initial step for converting
narrowband MISR albedos to broadband albedos.
[6] MISR produces three spectral albedo products [Diner

et al., 1999]. Local albedos are estimates of the reflected
flux passing through an unobscured dynamically variable
reflecting level reference altitude (RLRA) at 2.2-km reso-
lution. The restrictive albedo is closer to the ERBE or
CERES definition of albedo, and is an estimate of the
reflected flux that originates from the reflecting surfaces
within the region. The expansive albedo is an estimate of
the flux passing through the TOA irrespective of where it
originates. Both expansive and restrictive albedos make use
of ADMs obtained at the local albedo level. In this study,
the 35.2-km restrictive albedos from the MISR Level-2
TOA/Cloud Albedo Data product are used.

3. Conversion of MISR Spectral Albedos to
Broadband Albedos

[7] The MISR Level-2 spectral albedos are converted to
broadband albedos by applying a conversion scheme which
firstly requires the conversion of the MISR spectral reflec-
tances from the SSFM dataset to broadband reflectances.
Thereafter, the spectral and broadband reflectances at the
9 MISR viewing angles are extended to other angles and are
integrated over angle to obtain generic spectral and broad-
band albedos. A linear spectral-to-broadband regression of
the generic albedos generates the coefficients for the con-
version of the MISR Level-2 spectral albedos to broadband
albedos.
[8] Loeb et al. [2006b] used the SSFM dataset to perform

a linear regression analysis for converting spectral reflec-
tances at each of the 9 MISR viewing angles into broadband
reflectances. In this study, for each viewing direction the
MISR spectral reflectances in the red and near-infrared
(NIR) bands are related to the CERES SW reflectance as
follows:

Rsw ¼ c0 þ c1Rred þ c2Rnir; ð1Þ

where Rsw, Rred, and Rnir are the CERES SW reflectance, the
MISR red reflectance, and the MISR NIR reflectance,
respectively, and c0, c1, and c2 are coefficients of the
regression analysis defined as a function solar zenith angle,
viewing zenith angle, relative viewing azimuth angle, cloud
fraction, effective cloud top pressure, precipitable water,
and surface scene-type. The solar zenith angle and viewing
zenith angle are stratified into 10� bins and relative viewing

azimuth angle into 20� bins. Cloud fraction is stratified into
11 bins from 0% to 100% with an increment of 10%. The
uncertainty in broadband reflectance based on the narrow-
to-broadband algorithm are generally small, with a relative
bias error of �0.25%, and a relative root-mean-square
(RMS) error of �3% for overcast or clear footprints. For
broken cloud conditions, the error is larger, reaching �6%.
Note that using the blue- and green-band data of the
MISR may slightly reduce the uncertainty in the narrow-
to-broadband reflectance conversion over clear scenes.
However, our tests show that for cloudy scenes the errors
of the narrow-to-broadband reflectance regression are only
insignificantly decreased by using additional data such as
the blue and green radiances.
[9] To estimate reflectances at angles that are not sampled

by the MISR, we use the following approximation:

R̂ q0; q;fð Þ ¼ Rt q0; q;f; t; fð Þ=Rt q0; qi;fi; t; fð Þ½ 
 � R q0; qi;fið Þ;
ð2Þ

where R̂(q0, q, f) denotes the estimate of spectral or SW
reflectance at solar zenith angle q0, viewing zenith angle q,
and relative azimuth angle f, R(q0, qi, fi) denotes the spectral
or SW reflectance at the MISR viewing angle (qi, fi), and
Rt corresponds to a theoretical reflectance evaluated at cloud
fraction f and cloud optical depth t. Here, (qi, fi) is chosen to
be the MISR viewing angle closest to (q, f) amongst the
9 viewing directions. The theoretical spectral or broadband
radiance for a given f and t is determined from:

Rt q0; q;8; t; fð Þ ¼ 1� fð ÞRd q0; q;8; 0ð Þ þ fRd q0; q;8; tð Þ; ð3Þ

where Rd(q0, qn, 8, t) denotes the reflectance calculated by
the discrete ordinate radiative transfer model (DISORT)
[Stamnes et al., 1988] for a plane parallel cloud. In
equation (2), the theoretical model provides a factor (ratio
of reflectances) to scale observations in bins where data
are available ((qi, fi)) and estimate spectral and broadband
reflectances in unsampled bins ((q, f)). Cloud fraction in
equation (3) is obtained from the SSF (based on the
MODIS radiances within a CERES footprint), while t is a
free-variable, selected by minimizing the following [Sun et
al., 2004]:

s2 q0; t; fð Þ ¼
X9
n¼1

Rm q0; qn;8nð Þ � Rt q0; qn;8n; t; fð Þ½ 
2; ð4Þ

where Rm(q0, qn, 8n) denotes the reflectance measured by the
MISR camera n. The cloud model which produces the
smallest red and NIR s2 (q0, t, f ) sum is used in equation (2)
along with the MISR observations to estimate red, NIR and
SW reflectances at all other viewing angles.
[10] The plane-parallel model calculations consist of red,

NIR and SW reflectances stored in look-up tables for the
following cloud optical depths: 0.0, 1.25, 8.75, 12.5, 17.5,
22.5, 27.5, 32.5, and 37.5. The calculations are based on the
DISORT with a correlated-k algorithm for broadband cal-
culation [Kato et al., 1999]. We assume a water cloud layer
at 1–2 km over the ocean surface. The ocean surface is
represented using the Cox and Munk [1956] model with a
surface wind speed of 7 ms�1. The ocean bidirectional
reflectance distribution function (BRDF) model used for

L23810 SUN ET AL.: MISR AND CERES ALBEDO L23810

2 of 5



the computation is provided by Vermote et al. [1997]. The
water droplets in the layer of water cloud are assumed to
have a lognormal size distribution with an effective radius of
10 mm. The aerosol optical thickness is assumed to be 0.075.
[11] The reflectances are integrated over angle to deter-

mine generic narrowband and broadband albedos. A narrow-
to-broadband albedo regression is then produced from:

asw ¼ b0 þ b1ared þ b2anir; ð5Þ

where asw, ared, and anir are the SW, red, and NIR albedos,
respectively. The regression coefficients b0, b1, and b2 are
determined using all the CERES footprints from 25 days of
the SSFM data. Figure 1 provides an example of broad-
band albedo as function of the red-channel albedo for f =
80–100% using the SSFM data of November 07, 2000,
with solar zenith angle q0 between 20� and 40�. As shown,
the narrowband and broadband albedos have linear relation-

ship. The coefficients b0, b1, and b2 are defined solely as
functions of solar zenith angle because their dependence
on cloud conditions is weak. Table 1 provides the actual
values of b0, b1, and b2 used in this study for the different
solar zenith angle bins. Also shown are the relative RMS
uncertainty of the conversion and the sample number for
each solar zenith angle bin. The relative RMS errors for
solar zenith angles between 30� and 80� are generally
between 1% and 3% and tend to increase close to the ter-
minator. For solar zenith angles <30�, the sampling size is
limited due to the Terra orbit. Therefore, for this solar
zenith angle range narrow-to-broadband coefficients for
30� � q0 � 40� are used.

4. Results

[12] Using the narrow-to-broadband relationship for
albedo from equation (5), the MISR red and NIR albedos
in the MISR Level-2 TOA/Cloud Albedo Data are con-
verted to broadband albedos and compared with broadband
albedos derived from the CERES SSF data. Note that the
MISR restrictive albedo is derived at dynamically variable
RLRA [Diner et al., 1999] and the CERES albedo is
defined at a given reference level of 20 km [Loeb et al.,
2002]. Because of the finite geometry of the Earth, the
outgoing flux varies as the inverse square of the distance
from the center of the Earth, due to the fact that a change in
flux reference level simply changes the surface area over
which the outgoing radiant energy is distributed. Therefore,
different flux reference level results in slightly different
outgoing flux. In order to account for this difference, the
reference level of the CERES albedos is adjusted from
20 km to the MODIS-based cloud-top height (h) using the
inverse-square law:

a ¼ re þ 20

re þ h

� �2

aSSF ; ð6Þ

where aSSF denotes the CERES SWalbedo directly from the
CERES SSF data (with a 20-km reference level), and re is
Earth’s radius (= 6378.137 km). The MISR and CERES
albedos are sorted into 1� � 1� latitude-longitude regions
over ocean and averaged as follows:

a ¼

Xn
i¼1

ai cos q0i

Xn
i¼1

cos q0i

; ð7Þ

where n denotes the number of MISR Level 2 35.2-km
region or CERES footprints inside the 1� � 1� region; ai

and q0i denote the SW albedo and solar zenith angle,
respectively, at the i-th MISR Level 2 35.2-km region or

Figure 1. (a) The broadband albedo and (b) the error in the
albedo narrow-to-broadband regression as function of the
MISR red-channel albedo for a solar zenith angle range of
20� to 40� and a cloud fraction range of 80–100%, respec-
tively, derived from the SSFM data of November 7, 2000.

Table 1. Coefficients b0, b1, and b2 for Conversion of MISR Red and NIR Spectral Albedo to Broadband Albedo Using , With Sample

Number and RMS Uncertainty of the Conversion for Each Solar Zenith Angle Bin

q0 b0 b1 b2 Number of Samples RMS, %

00�–40� 0.41833E-01 0.54756E+00 0.15144E+00 176635 1.3
40�–50� 0.39479E-01 0.32979E+00 0.37592E+00 429073 2.1
50�–60� 0.35775E-01 0.72601E+00 0.10084E-04 419692 2.3
60�–70� 0.31889E-01 0.63807E+00 0.10235E+00 311992 2.4
70�–80� 0.21622E-01 0.84271E+00 �0.71137E-01 149448 2.9
80�–90� 0.16645E-01 0.76100E+00 0.77291E-01 30545 6.4
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CERES footprint in the 1� � 1� region. To ensure a
simultaneous comparison of the MISR and CERES albedos,
only the 1� � 1� regions over which the difference between
the mean cosine of the MISR and CERES solar zenith
angles is smaller than 0.005 are considered. Also, to reduce
spatial sampling differences between the CERES and MISR
within the 1� � 1� regions, we use albedos derived from the
CERES instrument in cross-track mode and only consider
footprints that lie within the MISR swath. Furthermore, only

1� � 1� regions with more than 2 MISR Level-2 35.2-km
regions and more than 12 CERES footprints are considered.
[13] Figure 2 shows a histogram of the relative difference

between the MISR and CERES SW albedos (i.e., 100% �
[aMISR � aCERES]/aCERES) for 1� � 1� overcast ocean
regions in October 2001, for solar zenith angles �75�.
The cloud conditions of these regions are based on the
MODIS data. The peak of the distribution occurs at �1%,
with �82% of the population between ±5%. Overall, the
relative difference between the instantaneous 1�� 1�-region-
averaged MISR and CERES albedos is �0.8%. The RMS
difference between the instantaneous 1� � 1�-region-
averaged MISR and CERES albedos is 4.3%. The instan-
taneous RMS differences are due to a combination of the
ADM differences, spatial sampling differences between
the MISR Level-2 35.2-km regions and the CERES foot-
prints within 1� � 1� regions, and narrow-to-broadband
conversion errors. Our tests show that, for 1� � 1� regions
with more than 2 MISR Level-2 35.2-km regions and more
than 12 CERES footprints, different number of MISR
Level-2 35.2-km regions and CERES footprints can cause
a <�0.5% change in overall RMS difference. Therefore,
spatial sampling errors are estimated to be <�0.5%, while
narrow-to-broadband albedo conversion errors are estimated
to be �2.0% (Table 1). Therefore, the RMS difference
between the MISR and CERES albedos due to the ADM
differences alone is �3.8%. By comparison, the best esti-
mate of the CERES TOA albedo error due to the ADM
uncertainties is 3% [Loeb et al., 2006a].

Figure 2. The percentage of 1� � 1� region (sample)
number as a function of the relative difference between the
MISR and CERES albedo (i.e. 100% � [�aMISR � �aCERES]/
�aCERES) for overcast ocean scenes in October 2001, for
solar zenith angles �75�.

Figure 3. (a) The monthly zonal mean of the MISR and CERES albedos for overcast ocean scenes in October 2001, for
solar zenith angles �75�; (b) the monthly zonal mean of the relative differences between the instantaneous 1� � 1�-region-
averaged MISR and CERES albedos; (c) the monthly zonal mean of the relative RMS differences between the
instantaneous 1� � 1�-region-averaged MISR and CERES albedos; and (d) zonal 1� � 1� region sample numbers.
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[14] Figure 3a shows the monthly zonal mean MISR
and CERES SW albedos for overcast ocean regions in
October 2001, for solar zenith angles �75�; and Figure 3b
shows the corresponding relative difference between the
two. Relative differences generally lie between ±2% and
show no systematic dependence upon latitude. Figure 3c
shows the zonal relative RMS difference between the MISR
andCERES instantaneous albedos derived from 1��1� daily
means. The relative RMS differences increase from �3% in
the midlatitudes to �6% close to the equator, where the
sampling is lower as shown in Figure 3d.

5. Conclusions

[15] The objective of this paper is to examine the con-
sistency between TOA albedos from the CERES and MISR.
To determine TOA broadband albedos from the MISR
spectral albedos in the MISR Level-2 TOA/Cloud Albedo
Data product, a narrow-to-broadband albedo conversion
algorithm is developed. The MISR SW albedos derived
from the narrow-to-broadband albedo conversion algorithm
are compared with the CERES TOA SW albedos for
overcast 1� � 1� latitude-longitude ocean regions. The
overall relative difference between the MISR and CERES
albedos for 75�S–75�N and solar zenith angles �75� is
�0.8%, and the instantaneous relative RMS difference
derived from coincident MISR and CERES albedos in
1� � 1� latitude-longitude regions is �4.3%. Given that
�0.5% difference is due to CERES-MISR spatial sampling
errors, and �2.0% is due to the MISR narrow-to-broadband
albedo conversion errors, the RMS difference between the
MISR and CERES albedos due to the ADM differences
alone is �3.8%. The remarkable consistency between the
CERES and MISR albedos for overcast scenes suggests that
both instrument teams have derived accurate corrections for
the radiance anisotropy of cloud scenes. This consistency is
a substantial demonstration of the accuracy of the CERES
ADMs. It will strongly enhance the confidence in the
temporal trends of cloud albedo measured by the CERES
and have significant impact on climate studies.
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