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1. INTRODUCTION

Surface albedo, the ratio of radiative energy
reflected by land surface to incoming radiation, plays a
key role in surface energy budget and hence has
significant influences on climate. Satellite observations
offer a great opportunity for global surface albedo
retrieval from space. The acquisition of angular
measurements by an individual sensor, however, is
limited by its scanning configuration, the platform’s
orbital characteristics and cloud appearances. Surface
Bidirectional Reflectance Distribution Function (BRDF)
characterizes the anisotropy of surface reflectance and
if specified accurately, can be used to retrieve surface
albedo from limited directional observations of satellites
(Wanner et al., 1997; Schaaf et al., 2001) . 

The MODerate Resolution Imaging Spectro−
radiometer (MODIS) and Multi−angle Imaging
Spectroradiometer (MISR), on board the same TERRA
platform, employ different observation concepts and
both provide surface BRDF and albedo products with
different retrieval algorithms. This paper intends to
analyze the similarities and differences between
MODIS and MISR surface bidirectional reflectance
(BRF) and albedo products, as the first step in our
ongoing effort to combine MODIS and MISR
observations for better surface BRDF/albedo retrieval. 

2. INSTRUMENT  AND DATA 

MODIS−TERRA is a cross−track imager and
provides a near−daily global coverage. The directional
samplings are accumulated through a time series of
observations, and global surface BRDF and albedo are
produced for each 16−day period. MISR, however,
takes the novel approach of imaging the the earth
almost simultaneously in nine different view directions
(Diner et al., 1998). Its view angles range from 26.2° to
70° both in forward and afterward direction in addition
to nadir looking. MISR scans along−track and hence
complements MODIS in the azimuth dimension.  

Daily atmospheric corrected surface directional
reflectances are gridded into one kilometer resolution
(Vermote et al., 2001) to serve as the input data for the
MODIS  BRDF/Albedo  product   and  are used for this
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Table 1. Study areas represented by MODIS ISG tile
number and MISR path/orbit as well as acquiring dates.

Lat., Lon.
   Land  
   type

MODIS tile
   (date)

MISR path, orbit
      (date)

 30°~40°N

104°~130°W
Shrubland

  h08, v05  

 1~16, Jan.

 P042, O005569 

       3, Jan.

10°~20°N

 0°~10°E
  Desert

  h18, v07  

 1~16, Jan.

 P188, O005549 

       2, Jan.

  h18, v07 

 1~16, Jan.

 P193, O005593 

       5, Jan.

20°−30°S

 0°~10°E
Shrubland

  h20, v11  

 2~17, Feb.

 P174, O006218 

    17, Feb.

study. We reprojected and resampled the MISR level 2
surface products (Martonchik et al., 1998) and
geometric parameter data from Space Oblique
Macerator (SOM) to Integerized Sinusoidal Grid (ISG).
Two ISG tiles acquired in early January and one in
February 2001 were selected and four corresponding
MISR swaths were extracted to represent different land
cover types and sampling geometry (Table 1).
Radiometric adjustments were applied to the first three
swaths according to recent calibration data (Bruegge et
al., 1997). The dominant land cover types are bare
desert, semi−desert and shrubs. Figure 1 shows typical
sampling  geometries  of  MODIS  and  MISR over the 

Figure 1. Angular sampling from MODIS and MISR
observations in Sahel in early January (left) and in
South Africa in early February (right). Radius of circles
represents zenith angle with 10° increment (zero zenith
angle is in the center) and polar angle represents
azimuth (zero azimuth, North, is on the top). Diamond
and asterisk: MODIS and MISR viewing direction;
Triangle and solid dot: sun locations of MODIS and
MISR overpass. 



Study areas. Both MODIS and MISR observations are
between the principal plane (PP) and cross principal
plane (CPP) over Sahel and California in early January.
MODIS observations are closer to the PP while MISR
observations fall between the PP and CPP in South
Africa during early February. The change of solar zenith
angles of MODIS observations during the 16 day
periods are within 10° except for South Africa, where
the solar zenith changes about 20°. 

3. RESULTS 

The anisotropy of surface reflectivity for shrubs on
soil (Sahel) and on grass (South Africa) are
demonstrated in both MODIS and MISR BRFs (Figure
2). Both MODIS accumulated angular observations and
MISR simultaneous observations capture the
characteristics of vegetation reflectance, such as the
stronger backward scattering and hot spot effect.
Surface directional reflectances of MODIS and MISR
are very similar in tile h08v05 and h18v07, where both
viewing azimuths are between the PP and CPP (Figure
2, top panels). The RossThickLiSparse−Reciprocal
(RTLSR) BRDF model (Wanner et al., 1995) inverted
with MODIS data predicts very well the shape of
surface directional reflectance at MISR view geometry
over these regions. However, surface reflectances
observed from MODIS show larger angular variations
than those from MISR in tile h20v11 (path 174), due to
the fact that MODIS observations are closer to the PP
in this tile during February (Figure 2, bottom panels).
The decrease of predictability in tile h20v11 indicates
that MISR observations can add extra angular
information to MODIS observations when their
sampling geometries are not equivalent. 

Direct intercomparison of BRFs can not be made
since MODIS and MISR acquire observations at
different sampling geometry. Close to nadir, however,
there are some possibilities that MODIS and MISR
observing angles are similar. We extracted near nadir
observations with viewing zenith and solar zenith
difference less than 5° and relative azimuth difference
less than 10°. The scatter plots of MODIS BRFs versus
MISR BRFs at near nadir show a strong linear
relationship, especially in red and green band (Figure 3,
top panels). Normalized Difference Vegetation Index
(NDVI) distribution demonstrates two modes with 0.15
as the break point. Pixels with NDVI higher than 0.15
are mostly from path 174 in South Africa, which is
dominated by shrubs with grass underneath, and
therefore its histograms of MODIS and MISR near−
nadir BRFs were plotted separately from other swaths
in Figure 3 (bottom panels). The shapes of histograms
are very similar, indicating that both MODIS and MISR
capture similar spatial variations of surface nadir
reflectances.  

In general MODIS BRFs agree very well with MISR
in the green band for all pixels and are consistently
lower by around 8 percent in the red. The largest

difference is in the blue band, where MODIS BRFs are
generally higher than MISR, due to the difficulty of
aerosol retrieval and atmospheric correction in sparsely
vegetated area. Theoretically, the difference between
MODIS and MISR aerosol correction should lead to
consistent differences between MODIS and MISR
surface reflectance in the blue, green and red band.
This is shown by the fact that the correlation between
relative differences in red and blue is as high as 0.54.
However, band center shifts might offset the expected
differences. Both MODIS and MISR centers at 0.56 µm
in green, and MODIS blue band center is 23 nm larger
than MISR while red band center of MODIS is 26 nm
less than MISR. We find that MODIS near nadir
reflectance is close to MISR in tile h18v07 and h08v05,
but is lower than MISR by 14 percent in tile h20v11
(South Africa). Further examination of MISR BRF
images shows some distinct blocks in NIR and blue,
where larger differences in NIR occur. It is recognized
that the MISR algorithms were in updating period. In
fact, the images of MISR surface products acquired
beginning May 2001 is not spotty. Another possible
reason is vegetation growth since MISR path 174 was
acquired on February 17, the last day of the MODIS 16
day period in early February. 
      

Another way to compare MODIS and MISR
reflectance is to use a BRDF model to infer surface
reflectance at geometries beyond observations. We
inverted the RTLSR BRDF model with extracted MISR
BRFs. The derived parameters were used to predict
surface reflectance at the sampling geometry of MODIS
at the same day. The scatter plots and histograms of
MODIS BRFs against MISR concurrent predictions
show similar results as those of near−nadir
observations. The difference, however, increases for
path 174 due to the same reasons discussed above. 
                             
Table 2. Correlation and differences (mean and
standard deviation) between MODIS black sky albedo
at MISR−overpass solar zenith angle and MISR
directional hemispherical reflectance in tile h18v07.   

Band   R     Difference  Relative Difference

NIR 0.88  −0.046 (0.068)    −7.3% ( 9.6%)

Red 0.96  −0.047 (0.033)  −10.0% ( 6.6%)

Green 0.96  −0.019 (0.020)    −6.2% ( 6.4%)

Blue 0.82    0.024 (0.017)    20.0% (15.3%)

The operational MODIS black sky albedo (BSA) is
produced at local solar noon, while MISR directional
hemispherical reflectance (DHR) is the direct beam
albedo during the MISR overpass. We here therefore
derived MODIS BSA at MISR−overpass solar zenith
angle off−line instead of using MODIS operational BSA
product. The similarity and difference of MISR DHR and
MODIS black sky albedo again follow the pattern of
near nadir reflectance although the magnitude of
differences increases (Table 2).  MISR  DHR is derived 



Figure 2. Surface directional reflectances observed from MODIS (dark solid dot) and MISR (light solid square, solid
line) and predicted surface reflectance at MISR sampling geometry from MODIS observations (open square,
dashed line). Top panel represents sparse shrubs on bare soil in Sahel, and bottom panel represents the shrubs on
grass in South Africa.

Figure 3. Scatter plots (top panels) and histograms (bottom panels) of MODIS versus MISR near nadir surface
reflectances. Dashed line represents distributions of MODIS reflectances and solid line MISR reflectances. Light
color is for tile  h20v11 in South Africa (path 174) and dark color for other two tiles.

from retrieved surface hemispherical directional
reflectances using a parameterized BRDF model
(MRPV) (Engelsen et al., 1996), while MODIS albedo
is based on RTLSR model. In order to examine the
possible error induced by BRDF models, we generated

surface albedo from MISR BRFs using MODIS
algorithm and compared it with MISR DHR. The
difference is within 3 percent, indicating that RTLSR
and modified RPV model are similar in their ability to
invert surface BRDF and to retrieve surface albedo as



previously demonstrated by Lucht (1998), Gao (2000),
and Bicheron (2000).  
 
4. CONCLUSIONS

We explored three intercomparisons between
MODIS and MISR products with an aim of combining
MODIS and MISR data to improve the retrieval of
BRDF and albedo: near−nadir surface reflectance,
surface reflectance at MODIS viewing geometry
predicted by inversion of same day MISR observations,
and MODIS black sky albedo under MISR−overpass
solar zenith angle versus MISR directional
hemispherical reflectance. Results show that 

a) MODIS and MISR near−nadir BRF/DHR are very
similar in the green band and MODIS BRF/DHR are
generally 8 percent lower than MISR in the red band.
MODIS BRF/DHR are around 20 percent higher than
MISR in the blue band. Special attention should be paid
to the NIR band, where differences may be dependent
on vegetation status. 

b) Largest relative differences appear in the blue
band and the correlation between relative differences in
the red band and blue band are as high as 0.54,
indicating that these differences are probably due to the
atmospheric correction differences. 

c) Opposite band center shift seems to explain the
opposite biases in blue and red of MODIS BRF/DHR
relative to those of MISR. However, more studies about
spectral differences need to be done in the future.

d) Information content of MODIS and MISR angular
observations is very similar when observations of them
are made between principal plane and cross principal
plane. However, additional angular information can be
added to other if they do not have equivalent angular
samplings.
  

It should be noted that MODIS has started
reprocessing a consistent one year product and that
the MISR level 2 algorithms were being updated at the
time of the intercomparison presented here. In the
future, the most current data will be analyzed for
various land cover types, sampling geometries and
atmospheric conditions. TOA (top−of−atmosphere)
radiance comparisons can be used to further determine
if biases are caused by calibration or atmospheric
correction.
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