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Abstract. It is well known that influence of topography must be accounted when using high-resolution 
remote sensing data to estimate land surface reflectance or albedo in rugged terrain. However, when 
moderate or low-resolution satellite remote sensing data are used, the topographic effects on albedo 
calculation are generally considered ignorable because the slope of the low-resolution pixels are usually 
small. A potential problem is that topographic effects within one low-resolution pixel have been omitted, 
which may cause error in albedo estimation. This problem comes from the scale effect in land surface albedo. 
This paper investigates in theory whether there is scale effect in land surface albedo when upscaling high-
resolution surface albedo into low-resolution surface albedo in rugged terrain. Based on this analysis, we 
present the method to upscale high-resolution surface albedo to coarse resolution, and finally derive a 
correction factor for land surface albedo derived from low-resolution remote sensing data. The method puts 
forward in this paper is a useful and effective method for scale correction of land surface albedo; and it’s also 
a good method to calculate albedo from low-resolution remote sensing data in rugged terrain. 

Keywords: albedo, scale effect, rugged terrain, topographic effects 

1. Introduction 
Land surface albedo, defined as the ratio of the reflected solar radiation at the land surface to the total 
incoming solar radiance, is a primary controlling factor for surface energy balance and thus is a critical 
parameter affecting the earth’s climate (Dickinson 1995). It characterizes the radiative property of the 
surface and drives the important process of photosynthesis, evapotranspiration, and surface energy budget in 
local, region and global scale. Especially the large region and global surface albedo is always among the 
desired products/data sets for recent moderate to low resolution satellite missions, such as MODIS(Schaaf et 
al. 2002), MISR(Dinner et al. 1998), POLDER(Leroy et al. 2000), and in the past AVHRR(Csiszar et al. 
1999) etc. 

The traditional method of obtaining land surface albedo is from field measurements. It is a land surface 
albedo of ground “point” scale and is a necessary data used to validate the low resolution land surface albedo 
products. However, it is not a good way to validate the low resolution albedo products directly because of the 
mismatching of the “point” scale and low resolution pixel scale of albedo. Upscaling from ground “point” 
measurements to the low resolutions pixel using high resolution remote sensing data is a necessary and 
critical step(Liang S.L. et al. 2002). In flat areas with homogeneous surfaces and under the assumption that 
the atmosphere is horizontally homogeneous, the field measurements at one location or the high resolution 
data within in a small region can be extrapolated over the whole area. Many investigations have been 
conducted to mutually validate the different resolution albedo products (Liang S.L. et al. 2002, Wang J.D. et 
al. 2002, Jiao Z.T. et al.2005). But this extrapolation is no longer valid when the surface is rugged. Scaling 

                                                           
+  Corresponding author. Tel.: +86-13466383594. 
   E-mail address: horse_wjg@hotmail.com. 

Proceedings of the 8th International Symposium on 
Spatial Accuracy Assessment in Natural Resources and Environmental Sciences

Shanghai, P. R. China, June 25-27, 2008, pp. 167-175
 

 



 168 

the “point” scale albedo or high-resolution albedo products to the low resolutions in complex terrain is a 
tough problem because of the strong topographic effects. 

Many literatures have shown that the influence of topography on albedo calculation should be taken into 
account in high resolution remote sensing data such as Landsat-5 Thematic Mapper (TM)( Wang  J. et al. 
2000, Hansen L.B. et al. 2002), SPOT High Resolution Visible (HRV)( Shepherd J. D. et al.2003) and in low 
resolution remote sensing data such as Advanced Very High Resolution Radiometer (AVHRR)(Cihlar J. et 
al.2004) or Moderate Resolution Imaging Spectraradiometer (MODIS)(Wang K.C. et al. 2005). Topographic 
effects on remote sensing data depends on its resolution. High resolution remote sensing data emphasizes 
pixel-specific topographic effects on local radiance (slope/aspect related illumination differences, reflection 
from adjacent terrain, shadowing) while low resolution remote sensing data is less pixel-specific topographic 
effects because the topographic slope is usually small. 

Though pixel-specific topographic effects is small and is generally considered to be ignorable, sub-pixel 
topography (mainly shadow) will cause BRDF-like effects intensively on the resultant low resolution remote 
sensing data. Thus the low resolution albedo calculated from low resolution parameters (low resolution 
reflectance, low resolution DEM etc.) will different from average albedo from high resolutions parameters 
where we should remove the topographic effects or the ground “point” measurements. These differences 
come from the scale effect in upscaling land surface albedo in complex terrain.  

The objective of this paper is to provide a factor for albedo scale effects correction and a method for 
upscaling the high resolution albedo to low resolution. We will start by discussing low resolution albedo 
calculation in complex terrain to illustrate why it has the scale effects.  Then we will introduce a factor for 
removing the scale effects and give an effective method to calculate low resolution albedo. Method’s error 
analysis and precision elevation will be given in detail by using the simulated data to validate the method’s 
performance. 

2. Scale effects of albedo in complex terrain 
Under the assumption of no topographic effects in the pixel scale, land surface albedo can be obtained by 
integrating the pixel’s surface Bidirectional reflectance distribution function (BRDF) or directional 
reflectance. If we assume the land surface BRDF is known, then the black-sky albedo is one integrated over 
all the view angles and the white-sky albedo is one integrated over all the incident angles and view angles. 
The final albedo seen from literatures is in the form of linear combinations of these two kinds of albedo. It is 
obvious that the black-sky albedo has intense topographic effects because it depends on solar incident angle 
and cause the albedo scale problem. In this paper we focus on the scale effects of the black-sky albedo in the 
complex terrain. 

Two different spatial scale reflectance are assumed in complex terrain, high resolution directional 
reflectance ),;,( vvss ϕθϕθγ  and low resolution directional reflectance ),,,,,( βαϕθϕθρ vvsstopo . It is true that  

),,,,,( βαϕθϕθρ vvsstopo  is included in many ),,,( vvss ϕθϕφγ  which is assumed to be independent on 
topographic effects. The terms of βαϕθϕθ ,,,,, vvss  are solar zenith angle, solar azimuth angle, sensor zenith 
angle, sensor azimuth angle, topographic slope and aspect respectively. Integrating these two resolution 
reflectance, we can get the microarea albedo kbsa  and the apparent albedo (topographic effects albedo) appa . 
When averaging all the microarea albedo within one pixel by its area proportion, we can get the actual 
albedo 0bsa . In actually, the apparent albedo should be close to the actual albedo due to the homogous 
microarea and no topographic effects, so there is no any scale effects in albedo calculation. Otherwise we 
should consider their difference which is caused by the scale effects and try to remove these effects to obtain 
more accurate low resolution albedo in complex terrain. The low resolution albedo scale effects can be 
expressed as: 

0( , , , , )s s v v bs appf DEM a aθ φ θ φ = −                                                           (1) 

),,,,( vvssDEMf ϕθϕθ  is the scale effects of low resolution albedo calculation in complex terrain. In order to 
emphasize the topographic effects in albedo scale effects, we assumed that the land type is the same within 
the low resolution pixel and only the sub-pixel topography affects the pixel’s reflectance. 
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2.1. Scale effects of apparent albedo and actual albedo 
According to Nicodemus (Nicodemus F. et al. 1977), when the atmospheric effects are considered to be 
ignorable, the pixel’s directional reflectance is ),,,,,( βαϕθϕθρ vvsstopo : 
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It is clear that this reflectance, named as topographic effects directional reflectance, is affected by the 
sub-pixel topography. In the above equation, N is the number of the microarea that is visible in both incident 
and view directions within the low resolution pixel. Parameter )( ksΘ indicates whether the microarea is sun 
lit, while )( kvΘ  indicates whether the microarea is visible by sensor. They are set to one for sunlit or visible 
microarea, and set to zero otherwise. kS  stands for the area of the kth microarea, ssi φ, are the solar relative 
incident zenith angle and azimuth angle respectively, and vvi φ, are the sensor relative view zenith angle and 
azimuth angle respectively, which can be expressed as:  

)cos()sin()sin()cos()cos()cos( sssi aai ϕβθθ −+=                                          (3.a) 
             )cos()sin()sin()cos()cos()cos( vvvv aai ϕβθθ −+=                                          (3.b) 

In practice, ),,,,,( βαϕθϕθρ vvsstopo  can be MODIS or AVHRR low resolution reflectance when one 
BRDF model (e.g. kernel drive model) is used without considering the topographic effects.   

Integrating this reflectance over all the sensor view angles in a hemispheric space, a topographic effects 
albedo, or apparent albedo, can be written as: 
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Actual albedo is generally used in order to secern the apparent albedo which is affected by the sub-pixel 

topography. If the mircoarea has no topographic effects, it means that the DEM’s slope and aspect is zero, 
the equation (4) can be rewritten as: 
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where S  is the area of the pixel and kbsa is the microarea’s albedo named as actual albedo. It is obvious that 
the actual albedo is the sum of all the microarea’s albedo weighted by the ratio of microarea’s area to pixel 
area. We can conclude that in the actual abledo there is no scale effects caused by topography. 

2.2. Scale effects correction of low resolution topographic effects albedo 
One low resolution pixel includes many slope microareas, which have different slope and aspect angle. And 
its directional reflectance would be affected by these microareas and their shadows, just like equation (2) 
shown. So the model and method for pixel topographic effects removing may not be suitable because of only 
topographic effects on pixel’s slope and between pixels. A model considering the sub-pixel’s topographic 
effects needs to be developed to obtain the actual low resolution directional reflectance and its albedo. 

Because the radiance entering the sensor is mainly controlled by the relative solar incident angle and 
relative sensor view angle of the microareas within one low resolution pixel, different mciroareas in the 
sensor’s field of view will contribute different radiance to the sensor. In order to describe the topographic 
effects on the low resolution directional reflectance, the equivalent pixel variable is put forward to explain 
the case that the microarea’s topography in the sensor’s field of view varied with different sensor view angle. 

An equivalent smooth surface directional reflectance ),,,( vvss ϕθϕθρ  is introduced, which has no sub-
pixel effects with the equivalent effective area eA  and its equivalent relative solar incident angle sti and 
equivalent relative sensor view angle vti . The area of sensor viewed can be expressed as: 
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So the equivalent relative sensor view angle can be written as: 
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Just like the equivalent relative sensor view angle, the equivalent relative solar incident angle can be 
written in the same form: 
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The radiative intensity tI  from sensor is interpreted as it comes from an equivalent effective eA with 
relative solar incident angle sti , relative sensor view angle vti  and the surface directional reflectance 

),,,( vvss ϕθϕθρ , that is: 
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At the same time, the radiative intensity enters the sensor can be rewrite as the function of apparent low 
resolution directional reflectance:  
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Combining equation (8) and equation (9), we will write the equivalent smooth surface directional 
reflectance ),,,( vvss ϕθϕθρ  as the product of an apparent low resolution directional reflectance 

),,,,,( βαϕθϕθρ vvsstopo : 
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The term 
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 is only related with DEM and geometry of sun and sensor. And we 
can get the scale effects removing factor: 
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Combining with equation (6), when all the microarea surface within low resolution pixel are both sunlit 
and viewed, the equation (10) can be rewriten as : 
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It is also an equation for correcting the topographic effects on the specific pixel.  
And the so called corrected albedo after scale effects removing can be written as: 
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This corrected albedo in theory is equal to actual albedo because the surface is homogenous and there is 
no topographic effects. 

2.3. Errors in low resolution albedo calculation and scale effects removing 
Following equations (4), (13) and (5.b), we can obtain the difference between the apparent albedo, the 
corrected albedo and the actual albedo. The low resolution albedo depends on the mircroarea’s topography 
and the low resolution reflectance, and this is also the case for the error of low resolution albedo. In order to 
alleviate the influence of the absolute value on the results of this analysis, we adopt the relative low 
resolution albedo error: 
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rdpa ,0− denotes the relative error in albedo calculation caused by sub-pixel topography. rdna ,0− denotes 
the relative error in albedo calculation with sub-pixel topographic effects removing. 

3. Data 
Nine DEM were generated with Guassian height distributions to provide variation roughness. The DEM’s 
grid cell and mean elevation is assumed to be 1 unit, the standard errors of elevation is 0.25 unit. By 
multiplying a real distance in the numerical simulations, the real resolution of grid cell and the DEM 
resolution in elevation can be simulated. Through appropriate exaggeration in vertical elevation but fixing 
the grid cell size, the DEMs with different slope can be gotten. For the experiments presented here, the real 
distance is 30 meters, and value of exaggeration in vertical elevation is 1, 10 and 20 respectively. We also 
applied a Gaussian smoothing filter for the Gaussian height fields and normalized the resultant DEMs to give 
the required roughness statistics. Filters of extent 11, 31 and 51 units were applied. 

 
Figure 1 simulated DEM with Guassian height distribution 

Each DEM was of 100×100 grid cells. However, in the following experiment only the central part of the 
above DEM is used (60 × 60) to simulate a low resolution pixel due to the ambiguous blocking of the 
microarea in the edge of DEM. The resolution of the pixel is 1800 meters because the simulated DEM grid 
cell is 30 meters.  The statistic average slope is listed in table (1). 

Tab 1 DEMs’ mean elevation and statistic slope 
Exaggeration=1 Exaggeration=10 Exaggeration=20 

filter Mean elevation
（meter） 

Statistic slope
（degree） 

Mean elevation
（meter） 

Statistic slope
（degree） 

Mean elevation
（meter） 

Statistic slope
（degree） 

11 
31 
51 

29．49 
29．49 
29．49 

2.51 
1.88 
1.33 

294．89 
294．89 
294．89 

22.62 
17.59 
12.84 

589．78 
589．78 
589．78 

37.72 
30.90 
23.70 

The lambertian reflectance of 0.3 is used for the 60×60 microarea grid cells. That we get the actual 
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reflectance and the actual abedo of the low resolution is 0.3.Y 

4. Results and discussions 

4.1. Relative errors of topographic effects for directional reflectance  
Assume the solar azimuth angle is 150°, and the solar zenith angle is 0°, 10°, 30°, 45°and 60° respectively, 
based on the lambertian microarea reflectance and the simulated DEM and using equation (2), we will obtain 
the different sub-pixel topographic effects directional reflectance. Figure (2) shows the relative low 
resolution reflectance error which is affected by sub-pixel topography in the sun principle plane over the 1.3°, 
12.8°, 23.7° and 37.7°statistic slope respectively. We can find that the higher the statistic slope is, the higher 
the relative low resolution reflectance error is and the more the effects of the sub-pixel topography are. 
Figure (2a) shows that the errors are not more than 0.5% within the sensor view angle from -80° to 80° under 
the condition of the low statistic slope. When the statistic slope increases, just as figure 2(b), 2(c) and 2(d) 
show, there is a big difference between the apparent reflectance and the actual reflectance, and the errors are 
varied intensively.  

 

 
Figure 2  low resolution relative reflectance errors in different statistic slope(a: statistic slope=1.33°, b: statistic slope 

=12.84°,c: statistic slope =23.70°, d: statistic slope =37.72°) 

Equation (9) introduced a scale effects removing factor which is only related with high resolution DEM. 
This factor gives an effective method to remove the scale effects for calculating the low resolution 
reflectance and albedo in complex terrain. Compared with figure (2), figure (3) shows the low relative 
reflectance errors of scale effects removing results for reflectance. It is obvious that there are the lowest 
relative reflectance errors in the low sensor view angle in the sun principle plane over all statistic slopes, and 
the errors are not more than 5%. With the increase of the sensor view angle, the errors are not more than 20% 
except those errors occurred at the higher statistic slopes and the solar zenith angle (just like the 60° solar 
zenith angle in figure (3c) and the 45° and 60° solar zenith angle in figure (3d), a relative high reflectance 
errors would be found). In figure (3) we also should note that the relative reflectance errors will be low when 
the solar zenith is low (from 0 to 10) in all different statistic slopes, and the errors are not more than 10%. 
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Figure 3 Corrected low resolution relative reflectance errors in different statistic slope(a: statistic slope=1.33°, b: 

statistic slope =12.84°,c: statistic slope =23.70°, d: statistic slope =37.72°) 

Comparing with the relative reflectance errors of apparent reflectance, the relative reflectance errors are 
decreased, which shows the low resolution reflectance is more agreement with actual reflectance. 

4.2. Relative errors of albedo scale effects correction in different statistic slope 
So if the apparent reflectance is integrated for the low resolution albedo calculation, the albedo is apparent 
albedo and has the scale effects. We denote the apparent albedo as “＊”, just as figure (4) shows. Figure (4a) 
shows the apparent albedo varied with the statistic slope, it would be sharp decreased with the increase of the 
statistic slope. Figure (4b) shows the apparent albedo relative errors compared with the actual albedo’s. The 
errors are little varied in relative flat area and its value is small. With the statistic slope increased, the higher 
the statistic slope is, the lower the apparent albedo is. The errors can be reached 33% in about 40° statistic 
slope.  

 
(a)                                                                                    (b) 

Figure 4  Comparison  between the apparent albedo and the corrected albedo in different statistic slope 

We also calculated the corrected albedo using the reflectance with scale effects removing by using the 
factor. The corrected albedo was denoted as “○”.  The sub-pixel topographic effects have been removed and 
the corrected albedo is close to 0.3 which equals to actual albedo, especially when the statistic slope is less 
than 20 degree, and the relative albedo errors are very low. Figure (4a) shows the relative albedo error with 
scale effects removing, it is much less than apparent albedos. The relative albedo error is no more than 5%. 
So the method presented in this paper can remove the sub-pixel effects and scale effects in the low resolution 



 174 

reflectance and albedo calculation. 

4.3. Relative errors of albedo scale effects correction in different spatial resolution 
A DEM is random selected in DEM set, which is 30.70 degree of statistic slope. From the center part of 

this DEM, the 20×20,40×40,60×60 and 80×80 grid cells are used to simulate different spatial resolution 
pixel, which means that the pixel resolution is 600 meters,1200 meters, 1800 meters and 2400 meters 
respectively. Following equation (4), (13) and (5.b), we also calculated the apparent albedo, actual albedo 
and corrected albedo with the above different spatial scale. 

Figure (5a) shows the apparent albedo denoted as “＊”, which is different with different spatial scale in 
different solar incident angle. And we can find the lower the pixel spatial resolution is, the closer the 
apparent albedo and actual albedo are. It means the topographic scale effects on albedo become lower when 
the pixel spatial resolution decreases. The absolute errors of albedo changed from more than 0.1 in pixel 
resolution of 600 meters to 0.06 in pixel resolution of 2400 meters. Compared with actual albedo, it is 
obvious that the apparent albedo relative errors is high and it can be more than 35% when pixel resolution is 
600 meters. And with the decreasing of the pixel resolution, the albedo relative errors is still 20% in pixel 
resolution of 2400 meters, just as shown in figure (5b).  

When the scale effects removing factor is used, the corrected albedo, denoted as  “○”, has less sub-
pixel topographic effects and scale effects. The albedo is close to about 0.3 of the actual albedo in different 
spatial albedo, especially in the lower spatial resolution. And the albedo relative errors is low, just as figure 
(5b) shown. And we can find the relative errors is less than 5% in different spatial resolution except when the 
solar incident angle is large. It shows that the scale effects removing factor used for calculating the different 
spatial resolution albedo is effective. 

 

 
Figure 5  Comparison  between the apparent albedo and the corrected albedo in different spatial resolution 

5. Conclusions  
It is true that the albedo calculation will has scale effects when the surface is unhomogeneous, including the 
land surface type unhomogeneous and the topography unhomogeneous. This paper demonstrates that it is 
necessary to consider the topographic effects when scaling land surface albedo in rugged area, and it presents 
a method for scale correction of land surface albedo. 

Because of the sub-pixel topographic effects, the low resolution albedo, called as apparent albedo and 
calculated using the high resolution reflectance, has the scale effects. There is large difference between the 
apparent albedo and the actual albedo which is averaged from microarea albedo. After introducing the scale 
effects removing factor, the corrected albedo has less scale effects and is agreement with actual albedo. The 
method put forward in this paper is a useful and effective method for scale transformation of land surface 
albedo, and it is also a good method to calculate albedo from low-resolution remote sensing data in rugged 
terrain. 

Although this method is analyzed and validated by simulated DEMs, it should perform well over a 
variety of real DEM and remote sensing data, because the method’s theoretical basis is physical instead of 
simple empirical. In practice, the albedo calculated using the MODIS or AVHRR low resolution directional 
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reflectance without considering the sub-pixel topographic effects is this apparent albedo, and it will be 
suffered the scale effects. So in the future, the real remote sensing data should be used to validate the 
model’s performance. 
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