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Abstract: Surface albedo significantly affects the balance of surface energy and variation of global climate. Previously surface a
Ibedo products have achieved significant success; however many problems remain such as low temporal resolution and missing da—
ta. Based on the observation data of uniform sites and MCD43B3 production of MODIS this article verifies three algorithms and
their products that arrive separately from a surface albedo production called Global LAnd Surface Satellite ( GLASS): ABI1
(ABDO1) AB2(ABDO3) and STF(ABD06). Then we analyze and compare the improvement in quality between the initial and
final products of GLASS. The result shows that the product ABDO6 has the best matching with ground observation data where the
RMSE is 0.050 and R* is 0.9. In addition compared with MCD43B3 % surface albedo product the best consistency is also ob—
served for ABDO6  which is supported by the largest number of valid data among the three different products (ABDO6 is 5507
ABDOI is 4290 and ABDO3 is 3296) and the RMSE is better than 0.03 while R* is 0.9. Therefore ABDO6 is suitable for the
production of long time series” surface albedo products. The statistical result for a large amount of data also shows that with up to
80% of the d ata coming from GLASSs three products we can satisfy the accuracy requirement for the deviation between the cli-
mate model of the surface albedo and products (0.02—0.05).
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1 INTRODUCTION

The albedo is the diffuse reflectivity or reflecting power of a
surface. It is defined as the ratio of the reflected radiation from
the surface to the incident radiation arriving on it. The reflec—
tance refers to the fraction of the reflected and incident solar radi—
ation flux coming from the waveband of the surface. The albedo
is the integration of all observed directions (Feng & Feng
2012)

but is also an important parameter of the surface energy balance

and is not only an important factor for radiation fields

mid-period and long-period weather prediction and r esearch of
global change which has extensive applications (Dickinson et
al. 1995; Wang et al. 2011). The inversion of the albedo is
meaningful to the study of the surface energy balance and atmos—
2005).

numerous studies focusing on satellite remote

pheric energy (Mason et al.
Currently
sensing data for in-erbit operation and parts of airborne remote

sensing data have been performed and they also involved the

valid ground verification of albedo production (Liang et al.
2005; Liang 2003; Lucht et al. 2002; Russell et al.
1997; Schaaf et al. 2002; Jiao et al. 2005; Wu et al.
2012). The s urface bidirectional reflectance distribution func—
tion (BRDF) /a Igorithm of the albedo remote sensing inversion
model based on the linear kernel drive model is currently the
most popular method employed to realize surface albedo remote
sensing inversion and this method has been used in surface al—
such as MODIS and MISR. However some

problems still exist

bedo production
although surface albedo production has u
ndergone significant development. The main issues include:
First the comprehensive research and application of multisource
data in surface albedo production are relatively less. Second the
use of a method that is based on bidirectional reflectance model
inversion to calculate reflectance requires long periods to observe
the data’s inversion leading to a low temporal resolution which
cannot reflect the rapid change of the albedo during rainfall

snowfalls or plant growth. Third recent algorithms are mainly
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directed at surfaces with plants. However the accuracy of highly
reflective ice and snow is not sufficient. Fourth recent albedo
production has been affected by cloud cover. Thus numerous
data are lost and need to be supplemented. Fifth the orograph—
ic influence scale effect and some other issues (Davidson et
al. 2004) related to the surface albedo are ignored in existing
albedo inversion algorithms and running operations. In conclu—
sion by verifying the surface albedo production obtained by the
Generation and Applications of Global Products E ssential Land
Variables Project this article estimates the surface albedo’s relia—
bility to provide scientific evidence for its subsequent production

and application.

2 ALBEDO ALGORITHM AND PRODUCTION
INTRODUCTION

2.1 Introduction of AMBRALS algorithm

NASA’s moderate resolution imaging spectroradiometer
(MODIS) team adopted algorithm for MODIS bidirectional r
eflectance anisotropy of the land surface (AMBRALS) algorithm
1992; Wanner et al. 1995; Strahler e
tal. 1999) and then applied a semi-empirical model of a line—
ar kernel driver to obtain global BRDF/Albedo production within

(Roujean et al.

a 1 km spatial discrimination by inversing the multi-angle and
multiband MODIS observed data during a 16-day period
(Schaaf et al. 2002). The three steps involved in dealing with
the algorithm include atmospheric correction the modeling of the
band reflectance angle and albedo exchange from the narrow—
band to the broadband. This algorithm is based on the method of
bidirectional reflection model inversion and integrates the hemi—
sphere space’s Bidirectional Reflection Distribution Function
(BRDF) model (Lucht et al.
tively accurate surface albedo inversion result ( Yang

2002).

2002) so we can obtain a rela—

et al.

2.2 General framework of AB and STF algorithm

In this study the remote sensing inversion of the surface a
Ibedo used the new algorithm angular bin (AB) (Qu et al.
2013; Liang et al. 2013). As a kind of direct inversion a
lgorithm  this algorithm figures up a broadband surface albedo u—
sing a simple linear formula and all information obtained by this
algorithm comes from the multiband surface reflectivity or Top-of—
Atmosphere (TOA) reflectivity. According to the different input
data the AB algorithm is divided into two sub-algorithms ABI
and AB2 (Qu 2013) which calculate the black-sky
and white-sky albedo of short waves (0.3—3 pm) based on the
MODIS surface reflectance and TOA reflectivity respectively.
The characteristic of these two algorithms (AB1 and AB2) is

such that it uses the input data of a single angle so that the output

et al.

production’s temporal resolution is high. In addition the input
data of the AB2 algorithm does not require atmospheric correc—
tion therefore preventing the error due to the process of correc—
ting the atmosphere MODIS data.

The surface parameter production of remote sensing inver—
sion is always influenced by clouds so there will be some miss—

ing data. The current approach to solving this problem is to com—

bine several days” data of surface parameter production to r educe
the ratio of missing data; however this approach cannot com-—
pletely eliminate this kind of deficiency. Considering this s
ituation the team researched a new algorithm named Statistics—
based Temporal Filter (STF). This algorithm counts up the glob—
al surface albedo’s background field of previously acquired knowl-
edge based on MCD43 then fuses MCD43 products ABI and
AB2 products as well as smoothens and fills the lack of time s
eries with the support of the background field (Fig. 1) (Liu e
tal. 2013).

Fig. 1 Process flow sheet of albedo production GLASS

2.3 Production introduction

This article adopts ABDO1 and ABDO3 as the initial p
roduction and the purpose is to combine the final production
ABDO06. Compared with the initial production ABDO6 produc—
tion generates more valid data resulting from the disposal of filte—
ring and fusion. Therefore it effectively reduces the negative in—
fluence of clouds which leads to the phenomena of missing data.
As expected there is no doubt that the fusion process also causes

data distortion in some cases. The product i nformation is shown
in Table 1.

Table 1 Product information

Product Time Spatial

name  resolution/d  resolution /km Remark

ABDO1 1 1 Product by ABI algorithm

ABDO3 1 1 Product by AB2 algorithm

ABDO6 8 1 Product by STF algorithm
MCD43B3 8 1 Product by AMBRALS algorithm

Because MODIS production and GLASS production involve
totally different algorithms during the CLASS production many
initial and final productions have been simultaneously created be—
cause of different algorithms. Thus it is necessary to analyze the
characteristics of different generated data and to estimate the devel—
opment of their quality for many initial and final produced data.
This article analyzes and verifies these produced data based on ob—

served data received from typical stations.
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3 VALIDATION AND ANALYSIS

The quality of the final GLASS production relies on the a
ccuracy of three algorithms: AB1 AB2 and STF. To test the
actual effect of each algorithm this article focuses on the ¢
omparison analysis (which is based on different surface coverage
types) between three kinds of GLASS production (GLASSABD)
and real data coming from ground surface respectively. Then we
compared GLASSABD with MCD43B3. Finally we analyze the
comparison results because the ground test sites ABDOl and
ABDO3 have a time resolution of 1 day. On the other hand the
time resolution of MCD43B3 and ABDO6s is 8 days. Therefore
this article adopts 8 days as the u nified time resolution for the
comparison and analysis of data. Based on this definition data
collected by ABDO1 ABDO3 and ground test sites should be re—
constructed to match the 8-day time resolution. The substantial
aggregation method is used to calculate the arithmetic aver—
age of the valid albedo rate data s elected among the times
which are before and after 8 days (the total number of days
is 16) of the specific time. If the valid data acquired in a
16-day period is less than 4 missing data can be deter—

mined.

3.1 Contrasting analysis between GLASSABD and ground
observation data

ABI and AB2 are based on the surface reflectivity and TOA
reflectivity products respectively and we choose the data
ABDO1 and ABDO3 from MODIS Terra’s satellite and filter the
fusion products named ABDO6 when compared with the ground
observation data. According to the valid data of production the
time span is for data between 2006 and 2010. After selecting the
ground test sites we compared and analyzed the situation for d
ifferent underlying surfaces: forest grass and agriculture (Yu
2009). The reason for neglecting the ground test sites having
desert ice and snow frozen earth and non-uniform coverage
surfaces is because there are many problems associated with
them even though we have realized some development in these
areas. These problems may include the presence of fewer models
of these types of underlying surfaces low model accuracy and
fewer ground test sites which cannot guarantee the data’s accura—
cy. In addition we consider that there is an inconsistency be—
tween satellite pixels and the ground observation scale. There—
fore as much as possible we selected ground test sites which
satisfied well-proportioned land cover and had plants as the u
nderlying surface. In this way we tested and verified the result
of albedo remote sensing inversion which may maximize

verification’s accuracy.

3.1.1 The selection of ground observed sites

The spatial scale for ground observation differs greatly from
that of satellite remote sensing. If we directly compare surface
observation data with remote sensing inversion data many errors
would be produced which may affect the reliability of the re—
sults. Therefore when we compare these produced data the key
factor is the selection of ground observation sites. The basic prin—

ciple regarding their selection is to reduce the spatial scale influ—

ence produced by points affecting pixels. There are therefore two
main factors: (1) the uniformity of the round surface sites. (2)
whether or not the underlying surface of the observation sites have
the same type as the main sites.

According to the principle of the selected site and the meth—
(2012) (based on the manual of
the albedo algorithm enacted by 863 projects) this article down—

od selected by Cescatti et al.

loaded the higher resolution ratio image from surrounding sites

as in Fig. 2. Through visual interpretation to judge the s urface u
niformity around sites we can separate them into A B C and
D levels: the A level represents the best uniformity and the D
level represents the worst uniformity. This manual collects the
difference between the observed albedo for the non-snow condi-
tion and the published albedo production MCD43B3. If the root—
mean-square-error is larger than 0. 05 this site is unavailable.
Therefore we followed the standard that the difference of the
root-mean-square-error between the ground observed data and
MCD43B3 was less than 0. 05; all of the data were selected in
the A and B levels. Then we selected as testing sites 24 sites
that have the same type of underlying surface as that of the main
site. The distribution of these sites can be seen in Fig. 3 and the

basic information of the sites can be seen in Table 2.

Fig.2 Google Earth™ images used to assess the

surface uniformity of the site

Fig.3 Distribution of the 24 sites (Blue points mean

more than one point)
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Table 2 Basic information of ground observation site

Name Latitude Longitude Surface coverage type Name Latitude Longitude Surface coverage type
ARM_SGP_Main 36. 6050 —-97.4884 CRO DE-Hai 51.0793 10. 4520 Beech
Audubon_Grassland 31.5907 -110.5100 GRA DEKli 50. 8929 13.5225 Crop
Fermi_Prairie 41. 8406 -88.2410 GRA DE-Tha 50. 9636 13.5669 Spruce
Kendall_Grassland 31.7365 -109.9420 GRA ES-ES2 39.2756 -0.3153 Crop
UCI_1850 55.8792 -98.4839 ENF FR-Hes 48.6742 7.0656 Beech
UCI_1930 55.9058 -98.5247 ENF FR-Pue 43.7414 3.5958 Oak
UCI_1964 55.9117 -98.3822 ENF NL-Cal 51.9710 4.9270 Grasslands
Walker_Branch 35.9588 —-84.2874 DBF NLA.oo 52.1679 5.7440 Scots pine
Willow_Creek 45.8059 -90.0799 DBF PT-Esp 38.6398 -8.6018 Eucalyptus plantation
KBU 47.2140 108.7373 Uniform grassland SE-Nor 60. 0865 17.4795 Scots pine
CZ-BK1 49.5047 18.5411 Coniferous forest UK-Gri 56. 6072 -3.7981 Sitka spruce
Metolius_Intermediate_Pine 44.4524 -121.5570 ENF DE-Geb 51.1001 10.9143 Crop

) ) Fig. 6 provide a comparison between ground observed data and
3.1.2 Comparison and analysis GLASSABD data based on different underlying surfaces at 24
Table 4 shows the data that was used in this paper. Fig.4— sites from 2006 to 2010.

Table 3 Introduction of the data used

Surface coverage type ~ Number of sites  Number of ABDOI Number of ABDO3 Number of ABDO6 Number of ground measured albedo Timeframe of the data

Forest 15 2712 2395 3445 1105 2006—2010
Grassland 5 912 661 1103 717 2006—2010
Crop 4 708 556 920 608 2006—2010

Fig.4 GLASSABD compared with ground observation data based on the surface of underlying surface for forest

Fig.5 GLASSABD compared with ground observation data based on the surface of underlying surface for grassland
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Fig.6  GLASSABD compared with ground observation data based on the surface of underlying surface for crop

From the above comparison we found that compared with
ABDO1 and ABDO3 ABDO6 and ground observed data had the
highest fitting degree. In addition ABDO6 almost did not lose
any data. All of these advantages indicated the superiority of the
STF algorithm. However since the STF algorithm still requires
filtering and fusion this process may leads to some data distor—
tion. However to some extent AB1 and AB2 algorithms also
match with ground observed data which can be used as initial
input data. On the other hand compared with the use of agricul—-
ture as an underlying surface data acquired by using forest and
grass as the underlying surface is closer to the ground observed
data. This is because the albedo in forests and grass is relatively
stable. On the other hand the growth period of agriculture is
shorter so the change rate of the albedo is higher; in addition
there will be a significant error due to averaging the albedo after
the crops are reaped. Therefore the fit between agriculture data
and ground observed data is not good.

All of the analyses are based on the scatter diagram to com—
pare the quality of data. Now this article uses time series curve
data to compare GLASSABD and the ground observed data. F
ig. 2 provides a 1 km® Google Earth™ image of the site E SES2.
From the figure we observe that this area is a broad plain
which may be a good representation of agricultural ground cover.
The geographic coordinates are (39.28°N 0.32°W)

located in Spain. This area belongs to the Mediterranean type of

and it is

subtropical zone climate the summer is dry and hot the winter
is mild and rainy and all of the summer and winter plants pres—
ent are harvested two or three times annually. All of these are
typical characteristics of subtropical agriculture. Fig. 7 is the
time series figure of GLASSABD and ground observed data from
2006 to 2008 at the ESKS2 site. According to this figure this
site only has three years worth of data spanning 2006 to 2008.
In addition some data are missing. However no data are miss—
ing from the 5—year albedo production period of ABDO6 so it can
better reflect the agricultural growth period and changing tenden—
cy of albedo. This site is located at a place in which plants are u—
sually harvested twice annually. The ground albedo in spring and
fall is larger compared with that in summer. This is because the

humidity is lower during spring and fall. Davidson et al.

(2004)

the soil humidity increases. Further this change is much more

pointed out that the ground albedo will decrease when

obvious when the soil contain less water. In the spring the chlo-

rophyll in plants is reduced during harvesting of agricultural
crops; at the same time the moisture content is lower and the
ground albedo is higher. During reaping the value of the albedo
reaches its the maximum annual value. Then during the process
of replanting germinating and growing the ground albedo will
be reduced. When agricultural crops thrive throughout the entire
year the soil moisture content is higher and the ground albedo is
lower. ABDO6 production expresses this process very well and
the data is relatively consistent with ground observed data. Fig. 4
shows the comparison result that does not differentiate between

the underlying surface of GLASSABD and ground observed d ata.

Fig.7 The time sequence diagram for GLASSABD compared
with ground observation data in ES-ES2 from 2006 to 2010

Table 4 Results of GLASSABD compared with
ground observation data

Data type The amount of data Bias RMSE R
ABDO1 4290 0.007 0.056 0.602
ABDO3 3296 0.004 0.052 0.526
ABDO06 5507 0.001 0.050 0.788

3.2 Contrasting analysis between GLASSABD and
MCD43B3

Because the MCD43B3s time resolution from NASA is also
eight days the data processing is the same as when GLASSABD
is compared with MCD43B3 and when compared with the ground
observation data. The only difference is that it generally refers to
the underlying surface as plants rather than subdividing the un—

derlying surface from the plant.
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3.2.1 Comparison between MCD43B3 and all kinds of statistics

data of production

When compared with MCD43B3
data from the above-mentioned 24 sites which were acquired b
etween 2006 and 2010. In this paper we collected 4290 ABDO1
data 3296ABDO03 data 5507ABD06 data and 4696MCD43B3
data. It can be seen that ABDO6 had almost no data loss while
MCD43B3 missed more data. ABDO6 is more suitable than
MCD43B3 in the time sequence only while the data is consid-

this article still used the

ered to be effective. Fig. 8 shows the comparison between GLAS—

SABD and MCD43B3.

When comparing with MCD43B3  we still used the data
from the above-mentioned 24 sites for the time span 2006 to
2010. In this paper we collected 4290 sets of ABDOl data
3296 sets of ABDO3 data 5507 sets of ABDO6 data and 4696
sets of MCD43B3 data. It can be seen that ABDO6 had almost no
while MCD43B3 was missing more data. ABDO6 is

data loss
more suitable than MCD43B3 in time sequence only consider

the data effectively. Fig.8 shows the comparison of GLASSABD
and MCD43B3.

Fig.8 GLASSABD compared with MCD43B3

3.2.2 Results and analysis

Considering the result of the comparison for all albedo p
roduction of AhBDO1 ANDO3 and ABDO6 based on various
vegetation types and MCD43B3 albedo product the ABDO6 was
found to be the most consistent with MCD43B3  ABDO1
ABDO3 and MCD43B3 all having data loss while there are
some mutational points that do not agree well with MCD43B3.
The residual error of the atmospheric correction inside the ABDO1
and ABDO03 may be attributed to the deviation of the MODIS pix-
el geometric position on different dated and the u ncertainty of the
algorithms themselves. It is also possible that these mutant points
fit the real situation; however they are eliminated through fusion
filtering by inputting data using STF algorithms. Therefore we
require more prior knowledge during the production process. We
find that the value of ABDO6 is slightly higher than that of
MCD43B3 after a long validation sequence. Compared with
ABDO1 and ABDO3 ABDOG6 is closer to MCD43B3 but ABDO1
and ABDO3 also had the desired effect. The STF algorithm is
more suitable for producing a long albedo time series. Table 5 is
a summary of the GLASSABD results compared with those
of MCD43B3.

Table 5 Results of GLASSABD compared with MCD43B3

Data type The amount of data Bias RMSE R
ABDO1 4290 0.12 0.04 0.75
ABDO3 3296 0.13 0.04 0.65
ABDO6 5507 0.007 0.03 0.90

4 CONCLUSION

To quantitatively validate the quality of Land-surface albedo
and STF)

we selected 24 ground observation sites and compared ABI

AB2  STF and MCD43B3 with relevant ground observation data.
The scope of the data was limited from 2006 to 2010. Based on
large amounts of data the statistical results show that ABland
AB2 a chieved the desired effect
requirement ( compared with the ground observation site data R2
is b etter than 0.5 and the RMSE is about 0. 05 ; compared with
MCD43B3 R is better than 0. 65 and the RMSE is better than
0.04). As a filtering and fusion product the albedo produced

products for three types of algorithms (AB1 AB2

and can satisfy the accuracy

by STF has more effective data and this production has a contin—
uous time sequence and the albedo change is stable. We found
that the STF algorithm had certain advantages. Compared with
the ground observation data the STF algorithm has the best fit

and the bias is close to 0. 001. The RMSE is better than 0. 05
and R* is close to 0. 8. Compared with MCD43B3 ABDO6 p
roduced by the STF algorithm has the best fit and the bias is
better than 0.007 The RMSE is close to 0.03 and R’ is better
than 0.9. Numerous validated results also indicated that all the
deviations obtained from a comparison of over 80% of the data for
three types of GLASS production and ground observation data
could satisfy the accuracy requirements within the scope of 0.

02—0.05 in the climatic patterns ( Henderson-Sellers
1983; Sellers et al. 1993). However

problem regarding missing data when affected by clouds

et al.
AB1 and AB2 have a
so the
albedo production obtained by STF may be more suitable as the
input data when we carry out research into global changes.

Many problems such as the poor quality of the data p
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roduced by AB1 and AB2 algorithms and the generation of large
amounts of missing data may be attributed to a residual e rror of
atmospheric correction the deviation of the MODIS pixel geomet—
ric position on different dates and the uncertainty of AB1 and
AB2 algorithms. Meanwhile the STF algorithm also has some
defects such as the fact that filtering fusion is likely to filter out
some points which correspond to the actual situation but beating
larger. Li et al. 1995 emphasized the importance of obtaining
prior knowledge in remote sensing inversion. To obtain a higher
accuracy of inversion values we need to introduce more prior

knowledge.
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2.1 AMBRALS

NASA MODIS AMBRAILS (Algor
ithm for MODIS Bidirectional Reflectance Anisotropy of

the Land Surface) (Roujean 1992 ; Wanner
Strahler 1995 ;Strahler 1999)
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3 o
BRDF ( Bidirectional Reflectance Distribution
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