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ABSTRACT:

Land surface albedo plays an important role in climate change research. Satellite remote sensing has the characteristic of wide
observation range, and it can make repeated observations on the same area. Therefore, using the remote sensing data to retrieve
surface albedo becomes a main method to obtain the surface albedo in a wide range or even on a global scale. However, the time
resolution of existing albedo products is usually low, which has a great impact on the analysis of rapid changes in surface vegetation
and the climate change research. The Deep Space Climate Observatory (DSCOVR) was launched to a sun-earth first Lagrange point
(L1) orbit, which is a new and unique vantage point to observe the continuously full, sunlit disk of Earth. DSCOVR can provide
observation data with high time resolution, therefore, it is necessary to explore the feasibility of the new sensor DSCOVR/EPIC
inversion of the daily albedo product. The relationship between the surface broadband albedo and the surface reflectance was
established, and then the surface albedo with high temporal resolution was calculated using the DSCOVR/EPIC data. The Inner
Mongolia Autonomous Region and parts of the Sahara Desert were selected to verify the accuracy of DSCOVR albedo compared
with MODIS albedo. The results show that the correlation coefficients between DSCOVR albedo and MODIS albedo are greater
than 0.7 and RMSE are less than 0.05 both in visible band and shortwave band. It can be seen that this method can be used for the

albedo retrieval using DSCOVR/EPIC data.

1. INTRODUCTION

Land surface albedo, which is defined as the ratio of the
reflected radiation to total incident radiation, is a key parameter
controlling the regional and global radiation energy budget
(Dickinson, 1983; Manalo-Smith et al., 1998). The change of
the surface albedo in time and space is affected by both natural
processes and human activities, and it’s an indicator of the
change of global environmental (Dickinson, 1995).

There are two traditional ways to obtain surface albedo
including ground-based observation and satellite remote sensing
retrieval. Ground-based observations can obtain surface albedo
with high spatial and temporal resolution, but the distribution of
such observations is uneven and the spatial representation is
small. Therefore, the albedo of ground-based observations is
often used to validate the accuracy of the retrieval results
(Wang et al., 2010; Liu et al., 2013; Qu et al., 2014).

Due to the extensive coverage of remote sensing, satellite
remote sensing has become a major method of obtaining surface
albedo over a wide range or even on a global scale. Albedo
products are now routinely derived from sensors on polar
orbiting satellites such as MODerate resolution Imaging
Spectroradiometer (MODIS) (Schaaf et al. 2002), Polarization
and Directionality of the Earth’s Reflectances (POLDER)
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(Leroy et al., 1997), Medium Resolution Imaging Spectrometer
(MERIS) (Muller et al., 2008), Multi-angle Imaging Spectro-
Radiometer (MISR) (Martonchik et al., 1998), the Clouds and
the Earth's Radiant Energy System (CERES) (Rutan et al.,
2006), Advanced Along-Track Scanning Radiometer (AATSR)
(Grey et al., 2006; Kokhanovsky and Roujean, 2009) and from
geostationary satellites such as Meteosat (Pinty et al., 2000;
Govaerts et al., 2006) and Meteosat Second Generation (MSG)
(Leeuwen and Roujean, 2002; Garrer et al., 2016).

Surface albedo has a wide range of applications. In recent years,
many studies have applied MODIS surface albedo products to
vegetation monitoring (He et al., 2012; Hill et al, 2011), surface
classification (Jiao et al., 2011), Surface ice sheet monitoring
(Hall et al., 2009), and monitoring of the dynamic change of
land surface (Wang et al., 2018). Surface albedo also has
important applications in surface snowmelt changes (Wang et
al., 2018) and analysis of urban heat island effects (Li et al,
2012). Many researchers have used existing surface albedo
products to analyse the temporal and spatial distribution of
surface albedo and the quality of albedo products in specific
regions (Li and Hu, 2006; Chen et al., 2018).

Global surface albedos with an absolute accuracy of 0.02-0.05
and a time resolution of daily or monthly (including snow-free
and snow-covered land) are required by climate biogeochemical,
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hydrological, and weather forecast models (Henderson and
Wilson, 1983; Roman et al., 2010). A relative accuracy of 5%, a
horizontal resolution of 1 km, a daily observing cycle, and a
stability of 1% are targets of albedo as in WMO/CEOS database
(Mason and Bojinski, 2006). However, the present albedo
products retrieved by satellite data cannot reach this
requirement. For example, the most widely used MODIS daily
surface albedo products are also calculated from multi-day
datasets.

The Deep Space Climate Observatory (DSCOVR) was
launched on 11 February 2015 to a sun-Earth first Lagrange
point (L1) orbit, approximately 1.5 million km from Earth
toward the sun (Marshak et al., 2018). The Earth Polychromatic
Imaging Camera (EPIC) which operated on DSCOVR is an
imager that provides global spectral images of the entire sunlit
face of Earth. It can provide global spectral images of the entire
sunlit face of Earth with a high time resolution.

Therefore, in this study, the feasibility of using DSCOVR/EPIC
data to retrieve high temporal resolution surface albedo was
verified. The relationship between the surface broadband albedo
and the surface reflectance was established similar to the
retrieval method of GLASS surface albedo (Liu et al., 2013; Qu
et al., 2014), and then the surface albedo was calculated with
high temporal resolution based on the surface reflectance of
DSCOVRI/EPIC. Finally, two research areas were selected to
validate the accuracy of the albedo retrieval results.

2. DATA AND METHOD
2.1 DSCOVR/EPIC Data

EPIC onboard DSCOVR is a 10-channel spectroradiometer that
uses a cassegrain type telescope. It images the irradiance from
the sunlit face of Earth on a 2048X2048 pixel charge-coupled
device (CCD) in 10 narrowband channels from 317.5 nm to
779.5 nm (Marshak et al., 2018). Due to the special orbital
position of the DSCOVR, it has unique observational advantages
including wide coverage, high temporal resolution and unique
observation angle. It can produce up to 8-12 images of the same
area from dawn to dusk, globally (Marshak et al., 2018). The
satellite scattering angle of DSCOVR is between 165 - 178 <
and the relevant data at hot spot can be observed. Therefore, the
unique observation advantages of DSCOVR/EPIC offer the
possibility of high temporal resolution and global coverage
albedo research.

The Level 2 Multi-Angle Implementation of Atmospheric
Correction (MAIAC) product contains atmospherically corrected
spectral bidirectional reflectance factors (surface reflectance). It
can be used to retrieve surface albedo with high temporal
resolution, which can be downloaded from NASA website of
https://eosweb.larc.nasa.gov/project/dscovr/dscovr_table.

2.2 Method

Direct-estimation algorithm is an empirical method to
estimating broadband land surface albedo based on the BRDF
database (Liang and Member, 2003). It can be used to estimate
surface albedo directly from surface directional reflectance.
GLASS surface albedo is a typical representative of the albedo
calculated by direct inversion method. Therefore, in our study,
the surface broad-band albedo was calculated directly with
DSCOVR/EPIC surface reflectance using a direct inversion
method similar to GLASS surface albedo.

Firstly, the multi-variate linear regression relationship is
assumed between the surface broadband albedo and the surface
reflectance in the DSCOVR/EPIC visible and infrared spectral
bands. The linear relation can be expressed by equation (1):

A=C,(0.0,8)+3.C0.0.Mp0.0.8) ()

where A = the surface broadband white-sky albedo (WSA) or
black-sky albedo (BSA) at a certain solar zenith
angle

Ci = the regression coefficients

pi = the surface reflectance in band i

6 = the solar zenith angle

6r = the sensor zenith angle

¢ = the relative angle between sensor and solar

In order to better describe the directional reflection properties
of the surface, the incident and view hemisphere were divided
into many angular bins, and then the linear regression model
between the narrowband directional reflectance and broadband
albedo was established at each angular bin (Liu et al., 2013; Qu
et al., 2014). The regression coefficients of each angular bin are
obtained using training dataset, which should contain the multi-
band bidirectional reflectance and the broadband albedo.
Similar to the method used in GLASS albedo (Liu et al., 2013;
Qu et al., 2014). A training dataset that presents various global
surface was built based on the POLDER-BRDF dataset.

POLDER is a sensor onboard the PARASOL satellite with a
spatial resolution of 6 kmX7 km and it acquires the surface
reflectance in 9 visible and near infrared wavelengths, including
3 polarization bands (Liang et al., 2014; Zhu et al., 2011).
POLDER can observe a target from 16 different view angles,
but when the solar zenith angle exceeds 20<60< the
observation angle is very rare, so the POLDER data is needed
for interpolation and extrapolation to meet multi-angle data
observation (Liang et al., 2014).

Since the coefficients obtained are based on POLDER data
(Liang et al., 2014), we need to establish a conversion
relationship between POLDER and EPIC sensors, and then the
EPIC global daily broadband albedo was generated with EPIC
narrowband directional reflectance products.

Due to the influence of cloud coverage and data noise and
uncertainties of the inversion algorithm, there are a lot of
missing problems with the global black-sky albedo and white-
sky albedo in shortwave band and visible band. Hence, it’s
necessary to fill the data gaps and smooth the global
DSCOVR/EPIC albedo. A temporal filtering algorithm as used
in post-processing for GLASS albedo product is used in this
study. It is assumed that there is a linear relationship between
the true albedo ak on the kth day and the true albedo aak+k OnN
the (Ak+Kk)th day (Quetal., 2014; Liu etal., 2013). The linear
relationship can be expressed by the equation (2):

Qp = a0y, + b +ey 2

Where  ak, bk = regression coefficients
ek = the random error

In this study, the range of k is from -7 to 8. MODIS albedo
products provide continuous and stable black-sky albedo and
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white-sky albedo in time and space. Hence, the coefficients ax,
bk were calculated by the priori statistics of MODIS global land-
surface albedo.

3. RESULTS AND DISCUSSIONS
3.1 Albedo Result

The DSCOVR/EPIC global albedo distribution after temporal
filtering is shown in Figure 1.

Figure 1. The global distribution of DSCOVR/EPIC short wave
black-sky Albedo (BSA) after temporal filtering on 4™ June,
2016

3.2 Albedo Validation

In order to validate the applicability of the algorithm, some
regions of Inner Mongolia Autonomous Region and Sahara
Desert were selected as research areas, and the accuracy of the
retrieved albedo results was validated.

3.2.1  Inner Mongolia Autonomous Region: Some areas of
Inner Mongolia Autonomous Region was selected as research

area (115°- 123° E, 40° - 48" N). The study area includes a
variety of land types such as vegetation, water bodies, and bare
soil, which are conducive to evaluate the applicability of the
inversion algorithm.

3.2.2 Sahara Desert: The Gobi and Desert are important
underlying types of arid area. It consists mainly of bare soil and
has a special response to the sun’s radiation. A part of the

Sahara Desert (10°-20° E, 20 ° - 30 N) was selected to verify
the inversion accuracy of the DSCOVR albedo in desert.

3.2.3 Compared Data: The MODIS surface albedo product
(MCD43A3) is an albedo product produced by the MODLAND
team of US which can be downloaded from the relevant website
(https://ladsweb.modaps.eosdis.nasa.gov/search/). The MODIS
BRDF/Albedo product combines registered, multi-date,
multiband, atmospherically corrected surface reflectance data
from MODIS and MISR to fit a Bidirectional Reflectance
Distribution Function (BRDF) in seven spectral and three
broadband (visible band, shortwave band and Near infrared
band) bands at a 500 m spatial resolution on a 16-day cycle
(Schaaf et al., 2000), which has validated using ground-based
observation. Validation results shows that surface albedo from
MCDA43 has a high quality (Mira et al. 2013, Feng et al. 2018).
In this study, MODIS surface albedo products (MCD43) were
used to verify the accuracy of DSCOVR albedo.

We compared the black-sky albedo between DSCOVR/EPIC
albedo and MCD43 in the visible band and shortwave band

over the two study areas. Due to the inconsistent spatial
resolution, the resolution of MODIS was resampled to 10 km.

3.2.4 Validation Results: Figure 2 and Figure 3 are the
comparison of DSCOVR/EPIC black-sky albedo (BSA) and
MODIS black-sky albedo (BSA) in the visible band and
shortwave bands, respectively. In the process of time filtering
on DSCOVR/EPIC albedo, there will be a case of filtering
failure due to the small number of effective observations (no
cloud observations). From the DSCOVR/EPIC albedo
distribution map in Inner Mongolia, there is a clear boundary
between the lower and upper. The value of the low blue is the
value of the filter failure, generally between 0 ~ 0.05.

It can be seen from Figure 2 and Figure 3 that the distribution of
DSCOVR/EPIC black-sky albedo and MODIS black-sky
albedo are basically the same in the two study areas. The
consistency of DSCOVR/EPIC black-sky albedo and MODIS
black-sky albedo is better in the Sahara than in Inner Mongolia
both in shortwave band and visible band. In Inner Mongolia, the
DSCOVR/EPIC black-sky albedo is higher than the MODIS
black-sky albedo, which is more pronounced in visible band. It
may be because the elevation changes in Inner Mongolia are
obvious, the surface type is more complicated, and the
characteristics of surface directional reflectance are greatly
affected by the terrain. Therefore, the difference in surface
albedo in Inner Mongolia is relatively obvious.

250 500 KM

Figure 2. Comparison of black-sky albedo (BSA) in shortwave
band , (a) DSCOVR/EPIC albedo in Inner Mongolia, (b)
MODIS albedo in Inner Mongolia, (c) DSCOVR/EPIC albedo
in Sahara, (d) MODIS albedo in Sahara
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Figure 3. Comparison of black-sky albedo (BSA) in visible
band, (a) DSCOVR/EPIC albedo in Inner Mongolia, (b)
MODIS albedo in Inner Mongolia, (¢) DSCOVR/EPIC albedo
in Sahara, (d) MODIS albedo in Sahara

In order to further validate the accuracy of the inversion results,
the DSCOVR/EPIC albedo of each pixel was matched with the
MODIS albedo in the two study areas, and the accuracy of
black-sky albedo in visible band and shortwave band was
verified. Because the resolution of DSCOVR albedo and
MODIS albedo are inconsistent, it is necessary to resample
MODIS albedo to 10 km X 10 km.

It can be seen from Figure 4 and Figure 5 that the
DSCOVR/EPIC albedo is higher than MODIS albedo overall.
This result is consistent with the result of the albedo distribution
maps in Figure 2 and Figure 3. That may due to the
DSCOVR/EPIC observe the sunlit face of Earth, which is the
hot-spot direction. Moreover, the accuracy of DSCOVR/EPIC
albedo in the desert region is greater than the albedo in the
Inner Mongolia region. It may be because the Inner Mongolia
area has a complex surface cover type and a large change in
altitude, so the surface albedo accuracy is low in this area.

In Inner Mongolia, the accuracy of DSCOVR/EPIC black-sky
albedo in visible band is higher than that of shortwave band
black-sky albedo. In the visible band, the correlation coefficient
(R) between DSCOVR/EPIC albedo and MODIS albedo is 0.8,
and the RMSE is 0.03. In the shortwave band, the correlation
coefficient between DSCOVR/EPIC albedo and MODIS albedo
is 0.72, which is slightly lower than the coefficient of the
visible band. This difference may be related to the error of
coefficient from narrow band to broadband albedo conversion.

In the desert area, the accuracy of the DSCOVR/EPIC albedo in
the visible band is consistent with shortwave band, and the
correlation coefficient (R) is greater than 0.8. It indicate that the
results of DSCOVR/EPIC albedo and MODIS albedo are
consistent. The surface types in desert area is relatively uniform,
so the accuracy of the retrieved albedo result is slightly better
than that in Inner Mongolia.
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Inner Mongolia, (b) Sahara. The colour of a point is determined
by the density of the position at which the point is located

@ oo OS[) T
‘R = RMSE = 0.05;R = 0.84
RMB = 136, N = 4712 |RMB=1.17;N = 10120

0.25 S SaaEe 1000

o
s

02}

3

°

o #

= &
g

»
g
DSCOVR Black-Sky Albedo

DSCOVR Black-Sky Albedo

o
o
]

¥ S
AL s !
o= Encrii IR P 0 ol . "
0 005 01 015 02 025 0 01 02 03 04 05
MODIS Black-Sky Albedo MODIS Black-Sky Albedo
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Inner Mongolia, (b) Sahara. The colour of a point is determined
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4. CONCLUSIONS

The Earth Polychromatic Imaging Camera (EPIC) which
operated on DSCOVR is an imager that provides global spectral
images of the entire sunlit face of Earth at sun-Earth first
Lagrange point (L1) orbit. The temporal resolution is about 2
hours. It is possible to obtain a global surface albedo with high
temporal resolution.

DSCOVR_EPIC_MAIAC products provide surface reflectance
with a resolution of 10 km. Therefore, the direct inversion
method was used and a linear relationship between the surface
broadband albedo and the surface directional reflectance is
established, and then black-sky albedo (BSA) in visible band
and shortwave band from DSCOVR/EPIC were calculated.

The DSOCVR/EPIC albedo results are compared with MODIS
albedo products (MCD43A3) over different surface types.
Overall, the DSCOVR/EPIC albedo is consistent with the
MODIS albedo, but there is a slightly higher than the MODIS
albedo. These differences may be due to hot-spot observation of
DSCOVR/EPIC data. Hence, the method developed in this
paper can be used for the albedo retrieval using DSCOVR/EPIC
data.
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