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Atmospheric correction of MERIS data on the black pixel

assumption in oxygen and water vapor absorption bands
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Abstract: A Medium-Resolution Imaging Spectrometer (MERIS) sensor, with reasonable ocean color bands and a high spatial
resolution of 300 m, has considerable potential with respect to the monitoring of inland waters. In the quantitative retrieval of water
environmental parameters by using a remote sensing image, accurate atmospheric correction is very significant. In the present study,
oxygen and water vapor absorption bands are used for improving the traditional black pixel assumption based on the near-infrared
bands. The method of calculating aerosol parameters through MERIS Level 2p data is developed; this method is assessed using
MERIS Level 1p data recorded on Nov. 11, 2007; Nov. 20, 2008; and April 25, 2009. Meanwhile, the in situ measured data are
used for a comparison with the modeled values. The obtained results show that the proposed method is efficacious with RMSP of
less than 25% . Another important work is also carried out, that is, a comparison of the proposed method with other algorithms such
as a case II atmospheric correction algorithm embedded in a MERIS (Beam) processor, aerosol-thickness-aided 6S, and modified
black pixel algorithm. The results indicate that the proposed algorithm has certain applicability considering, because it is independ-
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ent of the synchronous measured aerosol data.
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1 INTRODUCTION

Among the Top-of-Atmosphere (TOA) radiance, there is
only a 10% transfer from the water in the visible spectrum
(Huot, et al., 2001). Atmospheric scattering information causes
significant interference in the water spectral information, which
in turn seriously affects the extraction of water quality
parameters. Consequently, atmospheric correction is critical for
an accurate retrieval of water leaving reflectance and alleviation
of atmospheric contaminations in order to improve the accuracy
of the remote sensing monitoring of water environment. Theoret-
ically, an atmospheric signal is mainly made of Rayleigh
scattering by gas molecules, Mie scattering by aerosols, and their
interaction. Because of its stable molecular composition and con-
tent, Rayleigh scattering can be exactly calculated from radiative
transfer models considering multiple scattering and polarization
(Gordon, et al., 1988; He, et al., 2007) and predicted @ priori,
while aerosol scattering, because of its considerable changes in
space and time, remains the largest uncertainty in the retrieval of

water-leaving reflectance, which is the core of different atmos-
pheric correction algorithms.

The traditional method for retrieving aerosol scattering is
also known as the black pixel assumption method; in this
method, water-leaving reflectance is assumed to approach zero at
a Near Infrared (NIR) wavelength (>700 nm). With this black
pixel assumption, the aerosol scattering at two NIR wavelengths
can be derived and extrapolated to the visible wavelengths on the
basis of the property of aerosol wavelength dependence (Richard,
et al, 1999), and then, the atmospheric contribution can be
subtracted from the TOA signal (this method is also called the
standard NIR algorithm). However, for case II waters such as
coastal areas and inland lakes, this assumption is invalid because
of the high reflection by suspended particles in the NIR bands
(the optical characteristics of case I waters are mainly determined
by phytoplankton and its concomitant, such as the open ocean
water, while the optical characteristics of case II waters are
mainly determined by the suspended particles and Colored
Dissolved Organic Matter (CDOM); inland and coastal waters
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that are seriously affected by terrigenous substance emissions are
of the latter type (Zhang, et al., 2008; Yang, et al., 2008; David,
et al., 2000).

Hu, et al. (2000) proposed an atmospheric correction algo-
rithm on the basis of the abovementioned case I water atmos-
pheric correction algorithm. The algorithm assumes that the aero-
sol type remains stable within a small space range (approximately
50 km to 100 km); hence, we can obtain the aerosol type param-
eter from the clean water using the original standard NIR algo-
rithm and then pass this parameter to the surrounding turbid
regions. Ruddick, et al. (2000) put forward two assumptions:
(1) the ratio of aerosol multiple scattering reflectance of the
765 nm and 865 nm bands remains unchanged in the study area;
and(2) the ratio of seawater reflectance of the 765 nm and
865 nm bands corrected by atmospheric diffuse transmittance 7,
(from the sun to the surface) remains unchanged. Then, we solve
the simultaneous equations to obtain the NIR water leaving
reflectance under the above assumptions. Kuchinke, et al. (2009)
established the spectrum optimization algorithm for case II
waters in order to calculate the aerosol reflectance combined with
the biological optical model and the aerosol model (using the
Junge spectrum description). Wang, et al. (2007) attempted to
overcome the non-black fact at NIR bands by using Shor Twave
Infrared Bands (SWIR) of MODIS data, regarding the water
leaving reflectance in these bands as negligible because of its
strong absorption, and obtained a better correction effect.

With respect to the MERIS data, because of the shortage of
SWIR bands, the NIR/SWIR algorithm cannot be extended to the
MERIS data directly. For this reason, the Neural Network (NN)
inversion algorithm, namely MERIS Regional Case 2 Water
Algorithm (C2R), has been proposed and implemented in the
MERIS lake water processors Beam 4.8 (Roland, et al., 2008).
On the other hand, Huang, et al. (2011) proposed a modified
algorithm for the MERIS data. They obtained an error within the
acceptable range using the atmospheric
successfully sampled the MERIS Level 2p data to amend the
atmospheric path radiation of the MERIS Level 1p data.

Zhu, et al. (2012) developed an alternative NIR atmospheric
correction algorithm for the MERIS data over inland case II

correction and

waters by replacing the traditional NIR bands by two specific
bands: the oxygen absorption band of 761 nm and the water
vapor absorption band of 900 nm so as to keep the assumption
of zero water leaving of the chosen black pixels and obtained a
better correction accuracy. In this paper, we used the MERIS
Level 2p product to assist the dark pixel selection and made
improvements to the abovementioned algorithm. At the same
time, we compared the accuracy of this method with that of the
Beam C2R algorithm, the aerosol-thickness-aided 6S algorithm,
and the modified black pixel algorithm.

2 STUDY AREA AND DATA
2.1 Overview of study area

Taihu lake is one of the five largest freshwater lakes in
China with the area of 2427.8 km’ and the average depth of
1.9 m. The actual surface area of water is 2338.1 km’ because
there are 51 central islands. With its lake strandline presidents to

405 km, Taihu lake is a typical large shallow inland lake (Sun
et al., 1993; Li et al., 2008). The latitude and longitude range of
Taihu lake is between 30°55'40"—31°32'58"N and 119°52'32"—
120°36'10"E. The west, the north, and the southeast boundaries
of Taihu lake are Changzhou city, Wuxi city, and Suzhou city of
Jiangsu province, respectively. The south and the southwest
boundaries of Taihu lake are Huzhou city and Changxing county,
respectively. Taihu lake is located in the inland-developed urban
agglomerations of the Yangtze River Delta; therefore, the water
quality is significantly affected by terrigenous emissions as well
as human activities. Water optical properties are complex and
changeable, jointly decided by chlorophyll, suspended matter,
and CDOM, revealing typical case II water characteristics
(Zhang, et al., 2008).

2.2 Data and processing

2.2.1 Image data and preprocessing

Three full-resolution (300 m) Medium-Resolution Imaging
Spectrometer (MERIS) images (MERIS Level 1p and MERIS
Level 2p) covering Taihu lake were acquired on Nov. 11, 2007,
Nov. 20, 2008, and April 25, 2009. The MERIS onboard Europe
satellite agency Environmental Satellite ( ENVISAT ) was
launched on March 1, 2002 and is mainly used for marine and
coastal ocean color monitoring. The MERIS Level 1p data are
the TOA reflectance after the radiometric calibration processing
of the Digital Number (DN) value, while the MERIS Level 2p
data are the result of the atmospheric correction of MERIS Level
1p data by its own algorithm. MERIS has a narrower band-
setting than the Sea-viewing Wide Field-of-View Sensor (SeaW-
iFS) and the Moderate Resolution Imaging Spectroradiometer
(MODIS). In addition to the conventional atmospheric correction
bands, band 12 and band 14 are located at the central
wavelengths of 778.75 nm and 885 nm with the band width of
15 nm and 10 nm, respectively. The sensor also has specific
oxygen and water vapor absorption bands with a central wave-
length of 760.16 nm and 900 nm and a bandwidth of 3.75 nm
and 10 nm, respectively.

The overlapping phenomenon of the MERIS Level 1p data
was removed using the smile correction processor provided by
Beam 4.8. Thereafter, the corrected radiance was converted to
reflectance in order to obtain the dimensionless value by using
Eq.(1) (Gordon & Wang, 1994a)

p = wL/Fcosf, (1)
where p, L, F), and 6, represent the TOA reflectance, the TOA
radiance, the TOA irradiance, and the solar zenith angle, respec-
tively.

2.2.2 In situ data

Three field campaigns were undertaken in Taihu lake on
Nov.11, 2007, Nov. 20, 2008, and April 25,2009, and the remote
sensing reflectance (R,.) data of the field samples were acquired.
The samples, as well as the depth distribution of Taihu lake, are
shown in Fig.1.

Hyper-spectral reflectance measurements were recorded
using an ASD Field Spec spectroradiometer. Spectral radiance
was measured at 2 nm intervals from 350 nm to 1050 nm.
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Fig.1 Distribution of sample sites and depth in Taihu lake

During the measurements, the instrument was held over the deck
of an anchored ship approximately 1 m above the water surface
according to the method proposed by Tang, et al. (2004). Radi-
ance was measured for the water surface, sky, and a 30% gray
board. Ten curves were acquired for each target, and at the same
time, the GPS coordinates, the wind speed and direction, and the
time information were also recorded. Then, the remote sensing
reflectance (R,,) was extracted using Eq.(2)
_ (L, - rL,ky) Py
N L,

R (2)

where R,,, L,,, L,,, L,, and p, are the remote sensing reflectance,

s

the total radiance, the sky diffuse scattering radiance, and the
radiance and the reflectance of the gray board, respectively. The
value of r is 0.025 (Tang, et al., 2004).

3  ATMOSPHERIC CORRECTION ALGORITHM
BASED ON THE BLACK PIXEL ASSUMP-
TION IN OXYGEN AND WATER VAPOR
ABSORPTION BANDS

3.1 Traditional NIR/SWIR method

Typically, the satellite-sensed reflectance, p, (A ), is deter-
mined by the reflectance of atmospheric components according
to distinct physical processes as Eq.(3),

p(A) =p,(A) +p,(A) +Tp, (1) +

ip.(A) +ip () +1p,(A) (3)
where p,(A), p.(A), p, (1), p,.(A), and p,(A) represent the
contributions of Rayleigh scattering, aerosols scattering, sun
glitter off the water surface, water whitecap, and bottom material,
respectively. p, (A ) is the water leaving reflectance, that is, the
desired quantity in water remote sensing. 7" and ¢ represent the
and diffuse
column, respectively.

direct transmittances of the atmospheric

In Eq.(3), the contribution of sun glitter p, (A) can be
ignored when the image data are continuous and stable without
any mutation value. Further, the contribution of the bottom mate-
rial can also be ignored since it can hardly transmit to the surface
in turbid waters. The p,.(A) term is also not considered when
the wind speed is less than 4 m/s. Even more, when the wind
speed is between 4 m/s and 7 m/s, it also can be negligible

because its order of magnitude is 10™*, which is far less than

107, that of reflectance. Under the calm water surface
assumption, the p,.(A) term is also not considered for the sake
of simplicity (Gordon & Wang, 1994b). Accordingly, Eq.(3) can
be rewritten below.
p(A) =p.(A) +p,(A) +ip,(X) (4)
The diffuse transmittance of the atmospheric column ¢,
mainly influenced by molecular scattering and ozone absorption,
can also be calculated approximately by using the following
equation (Siegel, 2000),

t =exp(—(7,/2 +7y,)/cosh) (5)
where 7, and 7, are the Rayleigh optical thickness and the ozone
optical thickness, respectively, and 6 is the view zenith angle.

Usually, the Rayleigh scattering reflectance, p,(A ), can be
exactly computed by solving the radiative transfer equations (He,
2007). Then, the rest signal p.( A) is only contributed by the
aerosol scattering and the water-leaving reflectance.

pA) =p(A) +1p,(A) (6)

Thereafter, only the contribution from scattering by aerosol,
p.(A), is unknown in Eq.(6). As the aerosol model and concen-
tration are highly variable in the spatial and temporal domains,
p.(A) cannot be predicted a priori like the Rayleigh scattering.
The estimation of the aerosol component, p,( A ), becomes a key
problem of atmospheric correction. Under the condition of
aerosol single-scattering, the contribution of the aerosol
component can be written below,

p.(A) =p.(A) =, (A)7,(1)p,(0,0,,1)/4cosOcos),
(7)
where p,.(A) represents the single scattering reflectance; w,, 7.,
and P, are the aerosol optical thickness, the aerosol single-scat-
tering albedo, and the aerosol scattering phase function, respec-
tively, for a scattering angle and wavelength. According to Wang
& Gordon (1994), the atmospheric correction parameter, £(A;,
A;) can be defined as Eq.(8),
8(/\,,/\j) _ pas(Ai> _ w,l(Ai)Tu(/\i)Pu(0704)7)\i) (8)
Pus()\_i) wz(Aj)Ta(/\j)Pa(0500’Aj>
where A; and A; are the shorter and the longer wavelength,

respectively. For the same type of aerosol model, w, can be
considered to be a fixed value, while the aerosol scattering phase
function P, is a function of the observation geometry and wave-
length. The ratio of P, can also be considered to be constant
because of a large number of statistical researches. The aerosol
optical thickness, 7, ( A ), dependent on the wavelength
(Angstriim, 1929), can be estimated as

(A1) =or” (9)
where o and B are the Angstrom exponent and the air turbidity
index, respectively, which are constant for a certain aerosol
model. Accordingly, Eq.(8) can be simplified below.
S

pab(/\i) Ta(/\i) A

Wang & Gordon (1994) proposed another method to calcu-

S(Ai»)lj)

i

late £(A;,Ay) (i.€., Eq.(11)), on the basis of a large number of
aerosol model simulation results, which is considered to be more
accurate.

p.(A))
Pu(Aui)
where C, under a certain aerosol model, is a constant like n in

e(A,Awg) = =exp(C(Ayg —A;)) (11)

Eq.(10). The water leaving reflectance of clean water pixels
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approaches zero because of its strong absorption in the NIR/SWIR
bands; therefore, we can derive the contribution of aerosols from
Eq.(6). On the other hand, the atmospheric correction parameter
of the NIR/SWIR bands, £ (A;, A;), can be calculated and
derived to the full wavelength from Eq.(11) or Eq.(12). In this
case, the water-leaving reflectance in the visible bands can also
be derived from Eq.(6). Thus far, the entire atmospheric
correction process is completed. Otherwise, in the case of Taihu
lake, since the lake has a large area of 2427.8 km’, the spatial
distribution of the aerosol is not necessarily uniform. In contrast,
the determination of the aerosol model of the entire area just by
using a single dark pixel might cause a certain degree of error.
Therefore, some further improvements on the issue of clean
water pixel selection are required.

3.2 Improved atmospheric correction algorithm
against MERIS data

To use the MERIS data, researchers are focusing on the
determination of the aerosol model of the study area because of
the lack of SWIR bands. Although the MERIS has two conven-
tional atmospheric correction NIR bands, because of the high
reflectance of the turbid water in the study area, the assumption
that the water leaving reflectance approaches zero cannot be
established. Instead, the sensor is equipped with two oxygen and
water-vapor absorption bands, i.e., 761 nm and 900 nm, which
establishes the assumption. Therefore, we assumed that the tradi-
tional NIR/SWIR algorithm could be improved using these two
specific bands.

3.2.1 Dark pixel selection using MERIS Level 2p data as auxil-
iary

The MERIS Level 2p data are a product of the atmospheric
correction of the MERIS Level 1p data. The process is as below:
First, the water leaving reflectance is obtained through the
embedded look-up table with an assumed initial value of the
concentration of the suspended particles. Thereafter, the atmos-
pheric correction is conducted with iterative optimization using
Gordon’s atmospheric correction method considering the rela-
tionship between the water leaving reflectance and the inherent
optical properties in the NIR bands (Moore, 1999).

The above-mentioned method is efficacious in case I waters,
as well as in case II inshore waters, where the concentration of
suspended particles and CDOM are relatively low. However, in
the case of inland turbid waters, the method still has certain limi-
tations (Huang, et al., 2011) with the excessive correction
phenomenon often appearing in the short-wave visible bands, in
which the water leaving reflectance is always less than zero
except for a few areas with low turbidity.

As compared to those of the open ocean waters, the compo-
nents of water in Taihu Lake are more complex: the optical char-
acteristics of water are affected by the algae combined with the
high concentration of suspended matter and CDOM. As shown in
the true color image of Taihu Lake on November.11, 2007 (Fig.
2), the relatively high concentration of the suspended matter
leads to the tawny rendering in the central and southwest regions
of the study area. The blue-green color in Zhushan Bay, Gonghu
Bay, Xukou Bay, and the East Taihu Lake depicts a low concen-

tration of the suspended matter. According to previous research,
there are many aquatic plants in Eastern Taihu Lake making it
relatively clean, which is consistent with the blue-green area in
the true-color image.

Zhushan Bay Meiliang Bay

Gonghu Bay

Xukou Bay

Fig2 True color image of band 6, band 4,
and band 2 recorded on November 11, 2007

The pixels with water leaving reflectance larger than zero at
412 nm were relatively rare (Fig. 3), were mostly located in East
Taihu lake and Xukou Bay, and sporadically distributed at the
entrance of Zhushan Bay and Gonghu Bay. Therefore, the dark
pixels were selected as relatively clean water. The distribution of
these dark pixels is consistent with the information reflected in
Fig.2, which could be further used for a subsequent dark pixel
selection.

Meiliang Bay
. ]
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Zhushan _Bay .

Gonghu Bay

Ty Xukou Bay
}- " y
#—"‘"Xlshan - b |

., Island ] m}.-’”"?" S S
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4 _-}#. reflectance of 412 nm
E<0
>0

Fig3 Water leaving reflectance of 412 nm band of
MERIS Level 2p data recorded on November.11, 2007

Multiple dark pixels were chosen instead of only one for
atmospheric correction in order to prevent taking the local
atmospheric condition as the representative condition (Qi, et al.,
2007; Chen, et al., 2011). To ensure that the atmospheric correc-
tion parameters hereinafter can reflect the regional situation, dark
pixels should be selected as uniformly as possible according to
the regional distribution of the dark areas (water leaving reflec-
tance greater than zero in the 412 nm band) as shown in Fig.3. In
this paper, 30 dark pixels were selected, and the corresponding
coordinates and reflectance in the MERIS Level 1p data were
obtained for the subsequent calculation.
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3.2.2 Selection of atmospheric correction bands

Because of the oxygen or water vapor absorption, both the
761 nm and the 900 nm bands are characterized by very low
atmospheric transmittances (¢(A) ), i.e, t(A) is approximately
13% under standard middle-latitude summer atmosphere condi-
tions (Liang, 2004); further, the MERIS Level 1p data in this
study show that the reflectance of the relatively clean water is be-
tween 0.01 to 0.03, which is far less than the reflectance in the
visible bands. Since the values of 1 (A) and p, (A) are both
numerically small, the value of £(A) and p,(A) in Eq.(6) is close
to zero. Accordingly, the TOA signal is almost entirely generated
by the contribution of Rayleigh scattering and aerosol scattering,
which is the theoretical basis of choosing these two bands for the
calculation of the atmospheric correction parameter £(A;,Ayy ).

3.2.3  Cadlculation of atmospheric correction parameter & (A,
)\ NIR )

In Section 2.1, Eq.(10) and Eq.(11) provide two ways to
14
1.2+ )
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1.0
0.8

i

0.6

Ine(%, 900)

0.4
0.2

0

In(900-4)
() The relationship between Ing(4, 900) and Ing(900/4,)
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interpolate the aerosol scattering reflectance from NIR to visible
wavelength. To verify the suitability, behavior, and robustness,
the two equations were tested under different aerosol models.
This process was carried out by a simulation experiment using
the software Second Simulation of the Satellite Signal in the
Solar Spectrum (6S).

6S is one of the most comparatively perfect models in the
world. It conducts atmospheric correction by simulating the
transmission of solar radiation in the atmosphere (Vermote, et al.,
1997a). In this study, five aerosol models, namely the biomass
model, continental model, urban model, maritime model, and
stratospheric model (Vermote, et al., 1997b), are examined Fig4
shows an example of the parameter £(A;, 900) as a function of
wavelength A, at a solar zenith angle of 60°, a sensor zenith
angle of 45°, a relative azimuth angle of 90°, and a visibility of
22 km for these five aerosol models. In order to compare the two
methods of visually calculating the atmospheric correction
parameter & ( A;, 900 ), we plot the data by logarithmic
loordinates as shown in Fig4.

1.4
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o o 2
~ o o
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9001,
(b) The relationship between Ine(4,, 900) and 900/,
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Fig4 Atmospheric correction parameter £(A;,900) as a function of A; for five aerosol models in logarithmic coordinates

As shown in Fig4, the slopes of the lines are n (Fig.4(a))
and C (Fig.4 (b)) in Eq.(10) and Eq.(11) respectively, which
remain almost constant for a certain aerosol model. Fig.4 (a)
depicts that the linear relationship between In(e(A;,900) ) and
In(900/A;) is obvious for the urban model; however, the slopes
of the other models decrease with an increase in In(900/A;) . In
contrast, the linear relationship is more obvious in Fig.4(b) than
in Fig4(a).

A quantitative comparison of the performances of Eq.(10)
and Eq.(11) with the same geometry and illumination conditions
is given in Table 1 in order to compare the linear fitting accuracy
of the two methods.

Table 1 Fitting accuracy of the two methods under
the five aerosol models

Aerosol  In(2(A,4,)) = nln(%) In(e(A,,4,)) = C(A, - A)
models ‘
Slope n R Slope C R
Biomass 1.5858 0.9856 0.0025 0.9995
Continental 1.4942 0.9894 0.0024 0.9995
Maritime 1.4296 0.9976 0.0023 0.9961
Stratospheric 1.3321 0.9981 0.0021 0.9953
Urban 0.5338 0.9961 0.0008 0.9967

It is obvious that the aerosol wavelength dependence still
holds true and that both equations can fit the wavelength
dependence of £(A;, 900) very well (Table 1), with the coeffi-
cient of determination (R*) larger than 0.985. Eq.(11) presents
a higher determination coefficient than that in Eq.(10) as a
whole, with the R* value of more than 0.995, performing more
stably in the cases of all the five aerosol models. In comparison,
Eq.(10) has poor stability for the continental model and the
biomass model, with the determination coefficient (Rz) of less
than 0.99. This is consistent with the findings of Wang &
Gordon (1994) that the linear slip between In( & ( A;,900))
and (900-A;) is relatively obvious. Accordingly, the atmos-
pheric correction parameter ¢ is hereinafter calculated using
Eq.(12) as Eq.(12),

(1) ;
a(AH)‘Nm> * = :CXP(C(/\VIR _/\i)) (12)
pa(Axm)
where p, is the aerosol multiple-scattering reflectance.

Thereafter, the aerosol scattering reflectance can be derived
according to Eq.(12) as soon as we calculate the atmospheric
correction parameter & ( A;, Ao ). Finally, the water-leaving
reflectance of each band can be derived from Eq.(5) and

Eq.(6).
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4 RESULTS AND DISCUSSION

The performance of the atmospheric correction algorithm
based on the black pixel assumption in the oxygen and the
water-vapor absorption bands was evaluated by comparisons
with in situ measurements and other atmospheric correction algo-
rithms.

In this study, three popular indices, namely the Root Mean
Square of Percentage (RMSP), the Relative Error (RE), and the
Root Mean Square Error (RMSE), were used for assessing the
accuracy of atmospheric correction, in which the definition
expression of RMSE and RE was not repeated (Huang, 2011).
RMSP is defined as Eq.(13),
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and V, are the measured and estimated

measured—i

where V,

stimated—i

values for the i" sample site and n is the number of samples.

4.1 Comparison with in sifu measurements

Using the abovementioned method, we corrected the MERIS
images taken on Nov.11, 2007, Nov. 20, 2008, and April 25,
2009. Further, the estimated and the in situ measured values were
compared using the two quasi-synchronous samples of each
image (Fig.5).
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Fig.5 Comparisons between in situ measurements and MERIS-derived R, for two quasi-synchronous samples for the years 2007, 2008, and 2009

As shown in Fig.5, for the two quasi-synchronous samples,
the spectrum of the derived values is consistent with the in situ
measurements taken in 2007. The reflection peaks caused by the
weak absorption of chlorophyll-a and carotene at 560 nm and the
Raman scattering effect with algae water at 708 nm are all reflec-

ted in the spectrum, as well as the valley value caused by the
strong absorption of chlorophyll-a in the red band of 681 nm,
which, on the other hand, indicates that the overall spectral infor-
mation is well preserved.

The other four quasi-synchronous samples for the years
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2008 and 2009 are located in the central and the west regions of
Taihu lake, respectively. As we know from Fig.1, Taihu lake is a
typical shallow lake having an average depth of only 1.9 m. For
the same wind speed, the tangential stress in the central region
will be stronger than in the bay region and off the shore because
of the open water surface and the relatively long blowing
process. Moreover, the wind speed is greater by 0.5—1 m/s in
the central region than off the shore; this leads to a relatively
high concentration of suspended matter (Sun, et al., 1993; Zhang,
et al., 2006). The surface runoff carried a large amount of
suspended particles, and the open water was susceptible to the
influence of wind and waves; all these contributes to the high
suspended matter concentration in the west region of Taihu lake
(Sun, et al., 2008), which in turn concealed the absorption valley
and the fluorescence peak of the pigment particles at 675 nm and
708 nm. The spectra of the measured and the derived water leav-
ing reflectance for the years 2008 and 2009 all match well,
which demonstrates that the algorithm proposed in this paper has
some applicability in both turbid waters and algae-containing
waters.

To quantitatively assess the accuracy of the proposed algo-
rithm, we calculated the ARE, RMSP, and RMSE between the

measured and the estimated reflectance of the MERIS bands
(Table 2). For the five considered sites, on Nov.11, 2007, the Av-
erage Relative Error (ARE) was less than 0.45 except for band
14 (885 nm) with ARE of up to 0.7231; band 6 (620 nm) had the
highest correction accuracy with ARE of 0.0134. For the six
considered sites, on November 20, 2008, ARE was less than 0.4
except for band 1 (412 nm) and band 14 (885 nm), with RMSP
of less than 20% . For the six considered sites, on April 25, 2009,
ARE was less than 0.4 except for band 10 (754 nm) with RMSP
of less than 25% .

In general, MERIS band 3—band 9 have relatively high
correction accuracy as compared to the blue and the infrared
bands. It is possible that the turbid inland waters containing chlo-
rophyll and a yellow substance has a strong absorption effect in
the blue bands, leading to the low water-leaving reflectance.
Further, the water signal is a very small proportion of the total
signal because of the strong Rayleigh scattering and aerosol scat-
tering; hence, a small correction deviation can cause a large rela-
tive error (Xu, et al., 2011). Moreover, for the relatively large
ARE in the NIR bands, this is probably because of the fact that
the overall signal is relatively weak as compared to the other
bands (Zhou, et al., 2011).

Table 2 Accuracy evaluation of atmospheric correction results for MERIS bands

MERIS band Central wavelength/nm 20071111 2008-11-20 2009-04-23

ARE RMSP/% RMSE ARE RMSP/% RMSE ARE RMSP/% RMSE

1 412 0.4011 27.53 0. 0050 0.4116 16.42 0.0068 0.0088 10.94 0.0058

2 443 0.3257 26.26 0.0056 0.1613 8.60 0.0047 0.0908 10. 66 0.0057

3 490 0. 1870 17.23 0.0055 0. 0269 5.81 0.0039 0.1333 10. 44 0.0063
4 510 0.0799 11.72 0. 0050 0.0424 5.57 0.0041 0.1042 9.07 0.0063
5 560 0.0997 4.69 0.0044 0.1263 6.93 0.0064 0.0271 6.57 0. 0065

6 620 0.0134 9.26 0.0051 0.0725 4.97 0.0047 0. 0404 7.50 0.0076
7 665 0. 1276 15.80 0.0059 0.0228 4.40 0.0048 0.1146 9.71 0.0083

8 681 0. 1696 18. 66 0. 0060 0.0509 4.82 0. 0050 0.1355 10. 40 0. 0085

9 708 0. 1040 14.88 0.0063 0. 0002 6.15 0.0077 0.1208 9.61 0.0079
10 754 0.4473 40.90 0.0052 0. 1659 11.64 0.0074 0.4199 22.81 0. 0096
12 779 0.3527 36.19 0.0048 0. 1441 11.00 0.0074 0.3623 20.55 0.0092
13 865 0.3545 13.54 0.0016 0. 0886 10.12 0. 0064 0. 1066 16. 69 0. 0089
14 885 0.7231 27.05 0.0031 0.3245 14.64 0.0068 0.0426 15.87 0.0098
Mean — 0.2604 20.29 0.0049 0. 1260 8.54 0.0059 0.1313 12.37 0.0077

4.2 Comparison with other atmospheric correction
algorithms

To access the performance of the proposed algorithm, we
compared the atmospheric correction results with 6S, an
improved dark pixel algorithm proposed by Huang (2011), and
the Beam C2R algorithm.

Among them, the 6S processor required synchronization
meteorological data to provide a relatively accurate correction
result. In this study, we derived the aerosol thickness from the
collected AERONET data of Taihu lake for three dates, i.e.,
0.553,0.3429, and 1.031, respectively, taken as the input parame-
ters of the 6S processor. This led to better results than those ob-
tained using the default visibility of 15 km (aerosol thickness:
0.315) as the input parameter. The modified dark pixel algorithm
was carried out by Huang, et al. (2011); it consists of three steps:
first, the selection of some dark pixels in the MERIS Level 2p

data and extraction of the water leaving reflectance; second, the
calculation of the path radiation reflectance by removing the
water leaving reflectance provided by the MERIS Level 2p data
from the TOA reflectance provided by the MERIS Level 1p data;
and finally, the atmospheric correction for the entire area by the
elimination of the average path radiation reflectance (Huang,
2011). The Beam C2R algorithm, as mentioned above, is a case
II atmospheric correction algorithm embedded in the Beam 4.8
processor on the basis of the neural network model (Roland, et
al., 2008). The correction result of all the four algorithms and the
in situ measurements are depicted in Fig.6.

As shown in Fig.6, the spectra of the two quasi-synchroni-
zation samples match very well with the in situ measurements for
the year 2007, and so do those in the case of the 6S processor for
the years 2007 and 2008. However, 6S performs poorly for the
year 2009 with a large overestimation, which is probably caused
by the light cloud on April 25, 2009. The modified dark pixel
algorithm performs well for the year 2007 with a small underes-
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Fig6 Comparisons between derived water leaving reflectance of four algorithms and in situ measurements

timation; however, for the years 2008 and 2009, the derived
results have a relatively large degree of underestimation as
compared to that for the year 2007. Beam C2R performed
poorly; this could be attributed to the fact that the atmospheric
parameters in the method were predetermined by the NN
method, with the training data mostly collected from European
lakes whose water constituents and bio-optical features were
considerably different from those of Asian waters (Roland, et al.,
2008), such as our study area, Taihu lake.

For a quantitative assessment of the accuracy of the prop-

osed algorithm, Table 3 presents the average evaluation indices
of the MERIS 13 bands for the four different atmospheric correc-
tion algorithms, among which ARE is the average value of the
absolute relative error.

It can be observed that the ARE value of the proposed algo-
rithm for the years 2007 and 2008 is 0.2604 and 0.126, respec-
tively, larger than that of 6S (Table 3). The better performance of
6S is probably because of the synchronous measured aerosol
thickness from AERONET. In contrast, the ARE of our atmos-
pheric correction method for the year 2009 is as low as 0.1313,

Table 3 Accuracy of four algorithms

2007-11-11 2008-11-20 2009-04-25
Method ARE RMSP/% RMSE ARE RMSP/% RMSE ARE RMSP/% RMSE
Proposed method 0.2604  20.2863  0.0049 0. 1260 8. 5442 0.0059 0.1313 12.3701 0.0077
65 0.1880  15.8923  0.0052 0.0729 7.7334 0. 0060 0.5560  31.429 0.0111
Modified black pixel 0.2808  15.7284  0.0053 0.3703 14.7905  0.0081 0.3944  21.7756 0.0124
Beam C2R 0.7945  31.3332  0.0089 0.7573  28.6722  0.0122 0.8968  44.8558 0.0204
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two times less than that of 6S and the other methods. The RMSP
values of the three days of 2007, 2008, and 2009 are 20.29%,
8.54%, and 12.37%, respectively, with an average accuracy of
up to 80% . It should be noted that the ARE and RMSP values of
November 11, 2007, are both larger than those of November 20,
2008, and April 25, 2009, which indicates that the proposed
algorithm performs better in turbid waters than in the waters
dominated by plankton. However, the proposed algorithm also
has accuracy of up to approximately 80% . The numerical order
of RMSE for the years 2007, 2008, and 2009 is as proposed
algorithm < aerosol-thickness-assisted 6S < modified black pixel
algorithm < Beam C2R. In the case of the proposed algorithm,
the RMSE values for the years 2007, 2008, and 2009 are 0.0049,
0.0059, and 0.0077, respectively, which indicates that the
proposed algorithm has a stable performance for all the cons-
idered samples for certain days.

5 CONCLUSIONS

(1) In this study, two specific NIR bands provided by the
MERIS data, i.e., the oxygen and water-vapor absorption bands
were introduced to improve the atmospheric correction method
for inland turbid waters. The two bands maintained the validity
of the assumption that the water leaving reflectance approached
zero. The spectra of the corrected quasi-synchronization samples
matched very well with the in situ measurements, particularly in
band 3 to band 9 (from 490 nm to 708 nm).

(2) By comparing the performance of 6S, modified black
pixel algorithm, Beam C2R, and the proposed algorithm, we
learnt that the aerosol-thickness-assisted 6S exhibited better
performance on a cloudless fine weather day. However, the scar-
city of the synchronization aerosol data limited the application of
this method. The modified black pixel algorithm could be simply
operated and provided guaranteed accuracy but was difficult to
improve further. Beam C2R exhibited the worst performance
with a significant underestimation among the four algorithms. In
summary, the proposed algorithm performed well with acceptable
accuracy of up to approximately 80% according to the data of
the three quasi-synchronous experiments; it also had stable
performance and certain applicability.

(3) The value of £(A;,Ayy ) in the proposed algorithm was
the mean value of that of the selected multiple black pixels; it
was considered to be the atmospheric correction parameter of the
entire area. Although this data processing reduced the error of
using only a single dark pixel, it smoothed the regional aerosol
differences of the lake. Therefore, we will attempt to improve the
accuracy of the proposed algorithm by using an aerosol partition
in the future.
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T A | S ANk K T R B B R TR B
MERIS #{& ZLKEXSKRIETE

> p 1 — 1 N 2 =1 /, 3 41 NN R!
B, Tl , BRER, BE , pEE, AH , AH
LRGN K2 P PR B 2 R T S0 %, VLJ5 T 210046;

2. kT 2E B, Wi 25 FH 413000,

SRR ORI MG oy, VI3 H2% 214200

1§ E:MERIS g LU H T N4 BRAG /K 66 B B R 300 m 48 5 1045 [8] 43325 18 PY B AT 7K BREE I 8 W i v A 4%
KRB P 7, 3 AT S0 R E MR K IR S HUE R AU AT . LKA BIE IX, A58 R T4 UR K
TRIRMSC IR B 1) A5 OT J ABR A, OB 8 )3T 2T A M BE S 1R TT R SR IE 5125, R A MERIS level 2p $i4f i B AR T
WX S I S8, FRI T 2007+ 11- 11,2008~ 11-20 LA J 2009- 04- 25 45 3 5t MERIS SEARIEATIRUE, 45 KW, 1%
T B RE A R A R 58 B MERIS SR B RAURLE , 55 b T8 v ] 25 S D0 B A B, 3 ORETE 1Y 34 75 AR 8 43 b RMSP
(Root Mean Square of Percentage) Al 1E 25% LA T ; 55 Beam H i ) KA R AR IER R RIBRIEEH BI 6S K
SEIE DA K HGH B G TR R A TRE BE U3, S5 R R W2 0 IR IE M 3 i o B TR IR AR TR B2 IR 25 S S I

B , BRI B — i 0 A
KR KARIE , MERIS, —- 28K A, W5 ie i Bt
HRE 52 S TP751 XkFRERD: A

S| AR 188, F 218, BiEH, B8, HR1EE, B, XE. 2013. 7 AR SMAKRBCE B RTRIZH MERIS #5148 Z 2ok ik

AERIET & BREFH,17(4) . 768-787

Tan J, Li YM, Zhao Y L, Lv H, Xu D Q, Zhou L and Liu G. 2013. Atmospheric correction of MERIS data on the

black pixel assumption in oxygen and water vapor absorption bands. Journal of Remote Sensing, 17 (4) : 768-787
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1 5

TE/K (8 B h AR AR TE R UZ T B A5
7 TOA(Top of Atmosphere)™' 90% DA Ik H KA #
55, MK AR B AE AT WLOGHE [ i 2 Hdi 1) 10%
(Huot &%, 2001) , KA 5 B KRG IE AR B 3 ik
TR T4, F™ E R T K PR 2 B 1R AR
YR, PRI, S 4 e 7K A 45 3 R M 0 2, 0 0% I
RAIFEM . RAE KA1 B G R B
DL R 2R G, B TR0 1 S i
BRRE , KA F RN DTk 2 BB i 22 UCHU I
P R A iy A1) B3 11 5545 31 (Gordon 4%, 1988; He
55, 2007) , TV IBCAE = [A] 3 S I TR A2 A EOR

FEWERR A U FE B R M, OAR [R) RS IE B ik
(1) DX 1) 2 BRI G o] 3153 A0 B, A SRR
I35 A B R R VE R A5 T

RS B R AR IE B3 v AV I IR 8 43 i 1
B2 R T AE RS ROT B S5 b, BB KR
TEITLLAMN I B (NIR>700 nm) 4 25 7K 58 75 B 3 L
0, UT£LAME B 5 5 0 2ok A F J AL AU DL &
SIS, B A e i 22 A R B i —
AL (Gould 2, 1999), 7E I FE Al - NIR (Near
Infraved) bRl 58325, B 30 2141 il Bt i) A< e /i 43 4
HER AT WG B A, DT A 31 4 T B 119 25 /K
SERE o XK, HOG 2R R Pk 8 PR A )
R, KEETFRE KA Sy BRI ) — 2K AR

75 B #9:2012-03-28 ; 1817 B #7:2012-10-05 ; i 56 2= HH AR B #A:2012-10-13

ELTEB: MR AAB IS (G 40971215); AR 25 AT\ BHIE & T (4 55 : 2010467022); YL J5R 44 5 18 H SR B #WF 58 R H (4 5
11KJA170003); TLARAE 2011 4F B35 S A F o AR BHIF R34 5 CXLX_0875)

FE—EERN AEFA987— ), Lo WA BN R 40 P I 8 B AR R A IE A B RS RS . E-mail: tanjing871015@163.com
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T 2K A B 2 e 0y B DR v v e )
TRAE , 32 el 5 o HE 352 Wi 4™ B ) DA il A e 7K
K2 — KRR AT 4, 2008; #fdtist %5, 2008)
M5, F T V8 K AR 7R 3T 20 90 i B 1 v S A (45
2T A B K R 2 BE SR AN R 0 BB AS 5 AT, B
W% J7 1 0 1k 4 R T 28 UK AR (Siegel 4,
2000).,

Hu 5§ A(2000)7E F 38— 27K & K ARE Bk
FEA b3 T X T ROR IR I R AR IE R, %
SEE IR B A/ FL A (2 50—100 km) AN
AR R, SR B T KR DX, W 3 TR K
PRERL B RS, SR 5, 1 2 A i B i
ik 302 o U 4% 326 )R 3 X 35, Ruddick 4§ A (2000) 7
NIR ARERTL AL L, $2 H T P Bk :(1)765 nm
1865 nm BRI 2 URHUR R #8 2Z LU AE T
FEXIAAE; Q)G RAIE S5 To( WK F
VEETHD) A2 IEAY 765 nm Al 865 nm I Bl K SR 2
FEANAE . HETTR 37 7 R SR A NIR i BOK A4 1 25 7K
SR Kuchinke 45 A (2009) & 7. 1 — 2K ARG 3%
AT, FR45 6 A= W 2 R 5 S e A (F
Junge TR R TSI I I3, Wang (2007 )42
H T NIR/SWIR (Near Infraved/Short Wave Infraved)
B, BKE NIR B33k e 41 40 s BT MODIS #1948
WL ANBE B | TA R Z 7K AR A S U 21 41 i B
VIR B A AT 3 oL X 4 i B 11 8 /K A e FE AR /DN, ]
DAZBEAT, (A2 A M ER PR3 =, 5 31 T4
RS IERICR

FEXS MERIS %4k, Hy sk 2 J P 20 P I B,
SWIR(Short Wave Infraveel) 5 B A fg &, Atk &
J& T — T R X 2 KR i B2 4 7R C2R
(MERIS Regional Case 2 Water Algorithms) (Doerffer
1 Schiller, 2008), 3k A7 Beam 4.8 ZK -+ 5 73 4b,
i EL B (2011) WA % MERIS B4l 2t T — & IE
A%, BRI A MERIS Level 2p 7= 5 A RS IE AL
IIRE 550 38 8% R 5 R % MERIS Level 1p 7 5 i K
SRS TBIE R ETE P N

Zhu 25 A (2012) 7 MERIS %3 i WA 75k i B
(761 nm SR BEFT 900 nm 7K P U B
BALGe ) 21 A0 Bk 2 B — 2K IR G 4R 0T , 0
AT DA B o, AT X B 9 DX 8 A 7 K
KE 15 8] TP IR IERCR o A SCHEBL BT 1 5
fili_F, #) J] MERIS Level 2p 7= i 4 Bh e BRRE 4% 0T,
MTIRHZ AL AT TG . R, A Sk S
Beam H 75 1) " 2RKIARE (VLT fii#X Beam C2R &

) FET AR 68 RAMIEF LD B A
AP R I RHEOTRE R TRE JEE LU

2 MR S5%5dE
2.1 R

KR 5 KRz — AT AN 24278 Kk’
WA B 51 A, SEBRoK I TR R 2338.1 km®, A
2B 405 km, WTASE KR 1.9 m, J& F 3L A K
BRI IK A Bl T8 TFT (PN A 0 85 35 F-, 19935 28 = 4
4,2010), AW A T 30°5540"—31°32' 58" N,
119°52'32"— 120°36'10"E,, {37 T4 = ff #1 X P bifi &2
IR T Z (8], 7K BRI A2 i Y HE A DA B N2 T Bl e
M 2, KR G2 F et th 4 R BRI DA S
YA AL, B A 28, J& SR KR (5K
B A, 2008),

2.2 HIERAE
HEBIERE AL E

A3 ARBUT 2007-11-11.,2008-11-20 K 2009-
04-25 %% 3 lj MERIS 300 m 43} %3 MERIS Level
1p F MERIS Level 2p 5554 . MERIS J2& KKK
2 F 2002 - 03 - 01 & BF ) 3 BE i R LA
(ENVISAT) b3 — ML jdds , E2H TR
T R K B W (MR =52 4§, 2008), MERIS Level
1p Fdl 2% L s 3715 19 DN {E(Digital Number) it
FrE bR Ak B 5 K02 TR I 22 5045 , MERIS Level
2p BiHEJE %) MERIS Level 1p #g#t17 KA IE G
B3] KR, 5 SeaWiFS I MODIS %% 42 #H 1,
MERIS % BO B85, T8 SR IE 1 %
B 12 P B (b K 778. 75 nm, HF 98 15 nm)
G 14 PRECH O I K 885 nm, 7 FE 10 nm); JH4h,
MERIS $04 30 15 5 T % 1 TH A SRR PRI i B
HL 43 3R 760.16 nm(FF FE 3.75 nm).900 nm
( 9& 10 nm),

B UL FEAE Beam 4.8 b, T B2
HRE TS PG, XEAREUE MERIS Level 1P 52145t
TR 2] 1E (Smile Correction Processor)(Bourg,
2008). HI FRAAGEE 45 th 0 R AS B, M AE T
T B TR AR IR R, TE R 0 K p
IR T8 550, SO SR ST 5 52 B 30 SR 10 7%
fk(Gordon FI Wang, 1994a):

p = wL/Fycosb, (1)
K, p WRRBINRGT R, L RARZIMRSEEE,

2.2.1
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Foy RRAIZINERIREE 0, S K FH R T o
2.2.2 MERESZHREHE

AR 2007- 11- 11 .2008- 11-20 L4 Kz 2009- 04- 25
AT T 3 URHBTAISE 56, SR T FF /5 11 /K 1 128 J8%
SFRBEE 3 UCRFERE S G0 5 DL IR K R 43
A& 1 R

119°50'0"E 120°0'0"E 120°10'0"E 120°20'0"E 120°30'0"E 120°40'0"E
N 2 2007-TT-TDRFEAT| 2
A o ©2008-11-205RAF 52
= = 33 2009-4-25KHE |
z TS z
z KE/m z
s - w295 12
0255 10 15 20, o 11%:0.1

119°50'0"E 120°0'0"E

B RWIRE R BRI A B

120°100"E 120°200"E 120°30'0"E 120°40'0"E

KT 1 S48 615 R 36 B ASD A Rl AE R 1Y
ASD FieldSpec Pro {455 15 4@ S 1100 o, oI B
8 I 350—1050 nm, Yo% HE%E A 2 nm, AE>
IKAARAE VT S S R 1A BF 5 A 52 0, O 47 e 4R B
BT 5 S ) 8 K i R SR S S 2R R, T o
R FH R 2R A5 (2004) $2 H 1) 56 T PN ki — 287K (4K 1T
DAL S5 I 1 . DR B, RS S BTG =, )
TP, AR S, 76 AR I AL (BEK T 1 m 2
A) 53 ) 000 2 A IR L 4 B o R Al K AR R 2
JEMEIEE B, U b 4 DS E I 10 Z500 05 il
2R, 1IN R /K T S5 T A ) B0 SR 45 I A5 Y GPS
AR 2 B (6 XL 3 | XU T L B B (], 38 SRS B R )
AR Q#FA T

o o (b =Ly "p,

(2)
L
K, R, ISR L, SRS Ly, AR
S BE G, AN AATAT KRS B, r 2 S RS
(004) IR FE B M 0.025 , L, b i TR M S
Py NS HRRII RS 3
3 BT AR R W B R T
BB F KR T Ty
3.1 {541 NIR/SWIR &%
TEKR- RRRGAMT, TR &R 5 3

BB ES p(A) H:
p(A)=p(A) +p,(X) +Tp,(X) +
ip.(A) +tp,(A) +1ip,(X) (3)
K, p, () KA FEFHE  p. () R AL
B ., (A) Ry K B BERE ST poe (A ) SN EL IR 6 55
P (A) NEK SET2 p, (X)) SR K H K 1Y 5 5
OF 0 ARAIEBGHED R, T R AN EL R,

YR B AR (A I, R LA 220 K B R B )
SO, D, X TR KR T L R A IR
T RS M L S 2K 3R, T A2 AN T,

B R AE KGEAR T 4 m/s B4 0, 1 24 XUsE 7 4—
7 m/s B, HAE MBSO 107", 3 /N T RO S AL
Y% 107, 08 S5 3R ] Z 6 A 3 (Gordon Al
Wang, 1994b), R, 2445 [E A BHFEBE | = 18 5 A
LBV JoT 52 W) 1], T3 e S0 38 ) R A2 b R B

p(A)=p.(A) +p, (1) +1p,(X) (4)

KA B 5 ¢ FBEZ KA FHUN R

W 55 R R s, Al #220(5) T (Siegel 45, 2000):

t=exp( - (7,/2 +7,)/cosl) (5)
X, 7, AR T 5 AU G R B 70, R
EEFIRERE; 0 R LR KT

AR S AR SR S T (He,
2007), EBRF A ECH 5 53 p, (A) H50E E
B DA R B K U A G

p(A)=p,(A) +1p, (1) (6)
1E H 25 SR S CHUR BT L F
p.(A)=p,(X)=
w,(A)7,(A)p,(6,0,,1)/4cosfcosb, (7)
0 (X)) B REU B 0, 7, 3510
JBE ALY AU S BRSNS R TR B, p, R A IR BRI
FRCSR AR RS, S50 LT AR A 6

PRSI AL 1 BRI ST 3R B L 6 AR
BPAT DL L— A KA IESE e (A, A) TR
(Wang Fil Gordon, 1994), H k0N T :
pas<Ai)= wa()\i)Ta(Ai)Pa(a’OO’/\i) (8)
p.(A)  @,(A)T.(A))P.(6,6,,);)
A RIS A R B, — e PR 25K
AT 0 BB e (A, A) o X FR—FS
BRI, w, AT LA S 8 L, 7SR CHIUR A
BREL P, JE W LAl 54 A By eR B, R S AR
R GETHIT ST A B, B U AH R B LE i v LR
YR TTAE Junge 3% T, SR IR BE 2 56 T K1Y
MISEL @%&(Angsm}m,l 964):

e(AiA)) =
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T.(A) =0 (9)
K, o HRATFE AL B N BT I R4, 1 —
JE SR AT AR A 8 85, T2 (8) FT LA Ak
AP S IS B 2 L, A 3 T ek X
pPu(A) T, (X)) (A"
S arwhinowad vy B
FLT A A R AR 45 S, Wang 1 Gordon
(1994)$ i 75 —Fh KR IE S BOW IR T v, insX
ADFTR,IFFNIZARX e (A, Aaw) SEKLER
IR TR HER

5()\i’)\MR> =

pas()\i)
pas()\NlR)

=exp(C(Ayg = Ay))

(11)
KA, € 5A0) T n AL, X T [F] —Fh S I
R B AL
T K AR5 JCAE NIR F1 SWIR 7 Be il T H A
SRR, 57K B 28 R O, W) 25 B A RIS B2 S
2 p, (X)) RIAIZ e B SOHs e S 5 2, 75 NIR
SWIR {8 B 19 I S HURT S5 238 it o F 9 DXl K
%ﬁfﬂi%ﬁ 8( /\i ’ /\NIR) ) éﬂ?%iﬁ(lO)ﬁiﬁ(ll), u&
2(6) BV u] S 4k 31 5545 20 45 A U B 1 B UK RO R
T ORMIIA Al 2427 8 k', THIARAR K, S B
SV 25 1) 3 A AN — 7 3475, A7 BRI 228 T EA — B
GG A b T S AR R A b 2 1 i — 2 1R
2 L, 7578 W 2 ot 2 B s 7 s —
Blgis

3.2 $txt MERIS #iifE WK SRER X

B MERIS #5408 10 5 , 200 B & A 48
SWIR P B , BRI 1H 2 ] Ay 22 AF 9 DX 140 /085 T A 78 ol
TS s . MERIS KU B A P A H LAY R
iE NIR % E(778 nm F1 865 nm), {HXF T-HF5% X 1 ik
AR, He NIR P B K 2R 0 AR A g
BAZ; T 761 nm 1900 nm I8 Bt 435l 47 T & MK
TRIMSCHT , {7550 PR A U B 1) B8 7K i S 3 A 42 3l
0, X FHIGEI5TT, HBK BB AT ok 0, R
TREAELE 2o 3 PR A B MO A e 1) NIR B33

MERIS Level 2p % B ) i 4 TLIE EX

MERIS Level 2p % 4fi &7 MERIS Level 1p %
P il b AT AR EAR B, R ARE M i
FRUNR: B2, B — 1 R B T ORE 4 vk B 1 00 4
(B, 0 A #8345 3 H 20 41 ik B A 8 K R %
SRIG S A I LT AN B g /K S R 5 K A [ A 2

3.2.1

Wtk Z Bl A 55 2, ML A Gordon KA I ik ARk
AL AT RS IE (Moore 2%, 1999), % J5 15 64
FPE FE R A ) SO A W e I — 2ROk A
DL G2 (CDOM ¥ B2 A1 1) 30 i 2K A4 i
FHRCR A AHAE PN i Y 1 — 2K AR A 5 A — 2 1)
N3G TG B A, 2011), AT 0L 48 35 8 B b Bl
KIEIG , RIAS IE 25 SR 1 857K SR/ N T 0 8L, AR
IR it B AT AR X, A AE 230 4 DX I LA I 45
RMIE(E,

S R KR At R K AR AL oy B
A, IHR 3 DX T Dl B v, B RS AK MO G 2E R
P R P A BRI LA . CDOM Ye2a et Fr e 55,
2 IR 2007- 11- 11 R EE AEE, T
DL VG e A K AR S B 0, B R FE B s T AE
AT LT | DT DA RS T O K e R R
Aty FEW 3k L0 X I K A B TR )k B A AR, T A
SERR], AR X B A K B KB K AR AH X T
T, X FIZ XK R R SR 2 — 800,

L s
g
i
o>
l', | 4

E 2 2007-11-11 MERIS Level 1p %8 6 .5 4 .55 2 Bt
RO AR

W 3 Fs,2007- 11- 11 78 AT W65 Ik BAs
I BUK R R R T 0 S R B X )b, £
SYATAEAR AR 1038, 6 22 LUV R T v A 4
BRI, MERIS $idi i K S IE SR 7R X 2 4,
REIE B, BIVAT A hy 30 2 A5 18 7K 44 S A 0 58 T 7K
T, X 518 2 R AR BB (66 B T R B 5
BB, FTHF SR SRR ROTE

R T TEHR B — W AF T LA R B KSR B SR AR
AR AR T 7= AR R 25, SR B Z 51 et
T RAMIEGE EH ARG, 2007 ; FRZE 46, 2011).

%1% 0 MERIS Level 2p 412 nm BB /K
SFRKT 0 B4 TC b4z X B 40 A 44 59 e B, AR IE
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A 412 nmBIK R ST
<0

K3 2007-11-11 MERIS Level 2p 1%
412 nm B BK RS R E

. >0

TP KA ESHOTEBA XS RFEE, &
CH I MERIS Level 2p 5212 346 B 30 4~ 1% 7T
S BRBUH AR BRE B, FETE MERIS Level 1p 1%+
SEIBON AL AR R RS 345 B, LIS 22 KA E
SR e (X, ) IS

3.2.2 XRBRIEKEIER

ORI K A4 20 53 52 2% , i F] MERIS i BLR <
e IF P BE(778 nm F1 865 nm)2x i MU KR 2% , 1M
MERIS 761 nm 1 900 nm 3 Bt 43 H 47 T4 <Rk
TR, — B T SRR VRO 1 R, N
FRAKIE . HIE St F SRR IR, 75
761 nm F1900 nm P B R TELE () RN, FE
R G RN, B R HAH 13%
(Liang, 2004); [A]H, Y 4E 1 MERIS Level 1p %4 2.
IR, BB AR ICAE 761 nm A1 900 nm 7 Bt H 5 %
fH7E 0.01—0.03, 3 /N F HoAth v WL i B A% Ik
R BT RAE . B e (A) A p, DE#SED,

141
1.2 F
1.0 |
0.8 |
0.6 |
0.4 r
0.2

Ine(4;, 900)

0 02 04 06 08
In(900-4))
(a) In(e(4;, 900)) 5 Ine(900/4) 5 7

L

e R B K R T B K 2 B £
HA) - p. (0BT 0, W BB i LT
AR E TR T HOUM DL UKL T R U
BOREE K P BOK PR SUR IE 2 B9 B
S

3.2.3 KSKESH (A Aue) H7HE

2.1 TG TRl BRI S A R AR
%&Iiﬁﬁ 8()\ia)\NIH> E@ﬁ%,gﬁ%ﬁ&tt@
()% RN, oy — T K 2 25 W 8 Bk 8K, 76 7% &
ZUCHU TS BL R, R SR 6S 6 b 4% i A 10 A
FBSCH R 3 W9 b T 550 7 ik R Ve, BORS R R AT
BT

6S AL H AT Bk R fs i e 3 1 RS
RIS R 2 — B3 Ao A48 K B i S T R b i
B OCT HEAT KA IE (Vermote 5%, 1997a), AR XL
FIM 6S FE L 7 B T 5 R IR AR AL (LR )
[0 NN R N (56 i VI ) i VNS A T D)
(Vermote 5%, 1997b)7E K BH K THUff 60° | T8 K T £
45° FAXFJ7 AL A 90° RE UL 22 km Y Z&6 44 F &k
KA RE R Z W HUHME , KTLIESE £(A,,900)
R ARSI Z U 900 nm KA
WS Z e 0T B EL IRl ik X R a0) (1))
X e(A;,900) 5K A SCRIAE, & 4 PR,

Hi & 4 770, P2 iR B 23 50 S 20 (10) =X
AN n FC LR T[] —Ff 0 IR B A
o Bl 4@, Wi B E R AL, In (e (A,
900) ) 5 In(900/A,) HYL M IC FR B 2, 1M 78 HoAth JL
PR T, R EBEEE In (9007, ) B34 i i s
/1N T 4(0) IR AMESE R B 4(a) o9 R .
TP R AR, R 1 A T
LA IR K R,

14 ¢

1.2} /’;
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0.8} -
0.6 -
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[(F S
0 100

Ine(Li, 900)

200 300 400 500
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(b) In(e(4;, 900)) 15 (900-A)FH 5 F
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K4 5 FURIEEALEY £(A,,900) S5 K FR
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®1 SHSBREZNAHASKESH

RIEXTHREER
— ln(a(A,,Ai))=nln(%) In(e(A,,1,))= C(A,-A,)
B 5 R C R

W TORBET 1.5858 0.9856 0.0025 0.9995
PN 1.4942 0.9894 0.0024 0.9995
AT 1.4296 0.9976 0.0023 0.9961
P 1.3321 0.9981 0.0021 0.9953
AR 0.5338 0.9961 0.0008 0.9967

HIZR 1 A, IR R AR OE S 8 & W75
HREF AT R IA KA ES B G K Z IR,
LRERL G MAE B R #R4E 0.985 LA b fHAH E#
B A DTES TR AT RIS A E R
#RTE 0.995 LA b 12 (10) e e Ml 22 , 76 KB
DA A ) A B R S SRR R AIRF 0,99,
In(£(A;,900) ) 5(900-A,) L& 5C R BB &,
X5 Wang %5 A\ 1055 45 - — 2 (Wang #1 Gordon,
1994), #C A SCRIBGZ A T8 7 ok R4 Bk
SRESE e (A, Aww) , A2 F7R o
e(Ai,Aw) =m: exp(C(Ayg —A;)) (12)
o0 IR UG B 3, i A5 310 45 %
BERAAIES H & (A, Ao ) , FHIR I (12) 75 2 %%
W B U e s a4 5 (5)(6) AR 245 %
By R B K U3

4 ERAHE

Ry TG AR ST %) AR CORA K PR AT I8
B AR TR B ) R AR IE SRR A 2, X Ak
W25 5 i W) 20 A a2 D B /K R 5 2R AT T %
P (Rl B S5 5 HAh LA B R AURGE 5
ERESS RS T L
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20105+ EHBERISBUSIEEEMR ( ChinaCover2010 )
The China National Land Cover Data for 2010 (ChinaCover2010)

2010 S E T EERERETUEIESE ( ChinaCover2010 ) HFERFRIEMSHFHIRMRAAKSEM 9 AN HEREAE , RA 30 m 25
SHRNTEE (H)-1A/1B ) 48 , FARSERKRES (FAO) NLCCSHE TR, MBTIERTPEERREN 38 - EW SRR, F
BEFBEFANEETLE. ERNRNBmSE. WEEASEHSHN 10 A MNFINFELURBASIERE S38EaI5E | 8UENEIAT 85%.
ChinaCover2010 EEE‘FE?‘EEB?& ﬁﬂﬁ%ﬁm & . FEEMERI M LR PSR RIS HIERATE R RIE 78RR | rlhs
E&EAINET AL SR ARG EREHRSTH. ( Rkt : http://www.chinacover.org.cn)

The China National Land Cover Data for 2010 (ChinaCover2010) has been completed after two years of team effort by the Institute of
Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS), together with nine other institutions’ participation. The HJ-
1A/1B satellite at 30 m resolution is main data source. Based on the landscape features in China, 38 land cover classes have been defined
using UN FAO Land Cover Classification System (LCCS). Super computers were used in the data preprocessing. An object-oriented method
and a thorough field survey (about 100000 field samples) were used in the land cover classification, with radar imagery as auxiliary data.
The overall accuracy of ChinaCover2010 is around 85%. Mainly based on domestic imagery, the products take advantage of various in situ
data and strict quality control. ChinaCover2010 is a good dataset for ecological environment change assessment and terrestrial carbon
budget studies. (Website: http://www.chinacover.org.cn)
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