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Abstract We explored the potential of the environment and disaster monitoring and forecasting small
satellite constellations (HJ-1A/1B satellites) charge-coupled device (CCD) imagery (spatial resolution of
30 m revisit time of 2 diys) in the monitoring of total suspended sediment (TSS) concentrations in
dynamic water bodies using Poyang Lake, the largest freshwater lake in China, as an example. Field
surveys conducted during October 17-26, 2009 showed a wide range of TSS concentration (3—524 mg/L).
Atmospheric correction was implemented using the Fast Line-of-sight Atmospheric Analysis of Spectral
Hypercubes (FLAASH) module in ENVI with the aid of aerosol information retrieved from concurrent
Terra/Moderate Resolution Imaging Spectroradiometer (MODIS) surveys, which worked well at the CCD
bands with relatively high reflectance. A practical exponential retrieval algorithm was created between
satellite remote sensing reflectance and in-situ measured TSS concentration. The retrieved results for the
whole water area matched the in-situ data well at most stations. The retrieval errors may be related to the
problem of scale matching and mixed pixel. In three selected subregions of Poyang Lake, the distribution
trend of retrieved TSS was consistent with that of the field investigation. It was shown that HJ-1A/1B
CCD imagery can be used to estimate TSS concentrations in Poyang Lake over synoptic scales after
applying an appropriate atmospheric correction method and retrieval algorithm.

Keyword: total suspended sediment; HJ-1A/1B CCD; atmospheric correction; retrieval algorithm; Poyang
Lake

1 INTRODUCTION

Inland lakes, many of which are closely associated
with human activities, now face serious pollution
and eutrophication problems. Therefore, it is
important to monitor water quality effectively and to
understand how the health of freshwater lakes is
affected by multifarious natural and anthropogenic
factors (Hu et al., 2004). Water is traditionally
monitored by taking point samples at regular intervals
during field investigations. This traditional way, with
only a few discrete stations is not only money- and
time-consuming, but also inadequate to observe
temporal and spatial variations over a large area.
Thus, a monitoring tool is needed that can provide

long-term, routine observations of water quality
bio-optical indicators.

Remote sensing could be used as a survey tool by
water management authorities, allowing the collection
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of water quality data over a large area simultaneously
(Dekker et al., 2001, 2002). Satellite sensors, such
as ocean color sensors like the Coastal Zone Color
Scanner (CZCS), the Sea-viewing Wide Field-of-
view Sensor (SeaWiFS), the Medium Resolution
Imaging Spectrometer (MERIS), and the Moderate
Resolution Imaging Spectroradiometer (MODIS);
and land-use sensors such as the Landsat series and
EO-1 Advanced Land Imager (ALI), each with
various spectral and spatial-temporal resolutions,
can provide synoptic water quality data (Chen et al.,
2004). There have been efforts to estimate water
quality using ocean color sensors data (Chen et al.,
2009a, 2011; Hu et al., 2004; Wang et al., 2011), and
land-use sensors data (Chen et al., 2009b; Hui et al.,
2008; Jenson et al., 1989; Lathrop et al., 1990;
Oyama et al., 2009; Wang et al., 2004; Wu et al.,
2008). Although ocean color sensors have short
revisit times with high spectral resolution and
sensitivity, the spatial resolution is typically too
coarse to describe water quality features adequately
(e.g., the highest spatial resolution of MODIS is
only 250 m), and the long revisit time of land-use
sensors (e.g., the revisit time for Landsat TM is
16 dys), makes these data inadequate to monitor
water quality variation in dynamic water bodies.

The “environment and disaster monitoring and
forecasting small satellite constellations” (HJ-1A/1B
satellites), launched by China on September 6, 2008,
bring a new water-quality monitoring opportunity.
Both the HJ-1A and HJ-1B satellites are equipped
with two charge-coupled device (CCD) cameras that
are the same in nadir symmetry, design parameters,
and characteristics. The CCD cameras capture
four spectral bands (430-520 nm 520-600 nm
630—690 nm and 760-900 nm) with a scan swath
of 360 km (>700 km with 2 sensors), recorded data
of 8 hts, and a signal-to-noise ratio >48 dB; the
constellation of the two satellites generates multi-
spectrum CCD images with both high spatial
resolution (30 n) and short revisit time (2 dys)
(http://www.cresda.com/n16/n1130/n1582/8384.html).
The HJ-1A/1B CCD could be an ideal tool to provide
rapid, repeated, and simultaneous synoptic monitoring
of inland lake water environment parameters. Total
suspended sediment (TSS) concentration is an
important water quality indicator of turbidity, riverine
flux, bank erosion, and current- or wind-generated
resuspension (Hu et al., 2004; Fulweiler and Nixon,
2005). Taking Poyang Lake in Jiangxi Province
of China as an example, this paper demonstrates
the potential to monitor TSS in inland lakes using
HJ-1A/1B CCD.
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2 STUDY AREA AND DATA SOURCES

Poyang Lake (28°22'N-29°45'N, 115°47'E—
116°45'E), with a maximum inundation area of
>3 000 km? during the flooding season (Feng et al.,
2011), is the largest fresh water lake in China. It is
located in northern Jiangxi Province and south of
the middle and lower reaches of the Changjiang
(Yangtze) River (Fig.1). The lake has five main
tributaries (Ganjiang River, Fuhe River, Xinjiang
River, Raohe River, and Xiushui River) and flows
from south to north to discharge into the Changjiang
River through a narrow outlet at Hukou. Annually,
the mean temperature around the lake is 16—18°C
with a frost-free period of 240-330 d, and the rainfall
is 1 340-1 780 m (Zhang, 1988). The seasonality
of precipitation leads to rapid changes in the
level of the lake. During the wet season (from
April to September), marshlands are inundated,
thus increasing the water surface. During the dry
season (from October to March of the next year) the
water subsides, exposing a mass of grass-covered
marshlands and the lake loses as much as 90% of
its water. This forms seasonal variations of floods
in summer and marshlands in winter in the lake
water.

To better study Poyang Lake, three subregions
(A, B, C) were selected as the main study areas
according to their unique characteristics of water
quality conditions (Fig.1). The latitude increases
from Subregion C to A. Subregion A is located
between Hukou and the north side of Songmen
Mountain, where sand dredging is active and the
water is highly turbid because of strong resuspension
of sediment. Subregion B is located south of
Songmen Mountain, near the main water body where
the water is moderately turbid; there are many
marshlands in the area, so it suffers little influence
of anthropogenic activity. Subregion C is close to
Raohe River mouth and surrounded by farmland
and villages, so it is susceptible to anthropogenic
activity and has low-level turbid water.

The field surveys were conducted from October
17-26, 2009 in Poyang Lake, in the dry season.
Many marshlands had emerged and the lake had
less water. In total, 90 water samples were collected
during the surveys; the locations of the sampling
stations are shown in Fig.1. At each discrete station,
above-water spectral remote sensing reflectance (R,;)
was measured with a SVC HR-1024 field portable
spectroradiometer (Spectra Vista Corporation, 2009),
using methods recommended by Lee et al. (1997)
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and Mobley (1999). Four reflectance peaks around
580 nm, 650 nm, 700 nm, and 810 nm can be seen
in the remote sensing reflectance curves of sampling
stations in Poyang Lake (Fig.2). The reflectance peak
around 580 mm is due to the decreased absorbance
of colored dissolved organic matter (CDOM) and
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Fig.2 Spectral remote sensing reflectance curves of
sampling stations in Poyang Lake, and HJ-1A/1B
CCD band ranges
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Fig.1 HJ-1A/1B CCD image (Red: 760900 nm, Green: 630—-690 nm, Blue: 520—-600 nm) collected on October 24, 2009,
showing the study area and location of Poyang Lake in China
Yellow points represent the positions of sampling stations, and black rectangles represent Subregions A, B, and C.
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de-pigmented particle before 580 nm and meanwhile
the dramatically increased absorbance of pure water
after 580 nm The obvious absorbance peaks of
phycocyanin around 620 m and chlorophyll a
around 675 mm cause the reflectance peak around
650 nm. The reflectance peak around 700 nm is due
to the obvious absorbance peak of chlorophyll a
around 675 m and the dramatically increased
absorbance of pure water after 700 nm. There is one
local absorbance vale of pure water around 810 nm
leading to the reflectance peak around 810 nm. The
atmospheric aerosol optical depth (AOD) was
measured by a MICROTOPS II hand-held sun
photometer. Surface water samples were collected
and analyzed in the laboratory for TSS concentration
(TSSC), chlorophyll-a concentration, and CDOM
absorption coefficient at 400 nm (ag(400)). The
0.45 pm Whatman glass fiber membrane filters
were used to extract TSS, while 0.45 pum Whatman
acetate fiber membrane filters were used to extract
chlorophyll a. To measure CDOM absorption, water
samples were filtered through 0.2 pm Millipore
membrane filters, then the absorbance data were
analyzed using an Ocean Optics HR2000 spectrometer,
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a PX-2 light source, and a liquid waveguide capillary
cell with 1 m optical path length, and finally the
absorbance data were converted to an absorption
coefficient (Hu et al., 2002). The HJ-1A/1B CCD
imagery generated at 11:13 a.m. on October 24,
2009 with a spot of cloud cover was selected to
retrieve TSS, while MODIS obtained at 10:20 a.m.
on the same day was used to derive the aerosol
optical data. On the basis of in-situ data from the
field investigation for the subregions (Subregion A,
B, and C), the water depth is greater than three times
the water transparency in Poyang Lake (Table 1), so
the lake bottom effect was ignored (Lodhi and
Rundquist, 2001).

3 ATMOSPHERIC CORRECTION

An atmospheric correction method was applied
to process the HJ-1A/1B CCD imagery with the aid
of Terra/MODIS aerosol information (Tian et al.,
2010). HJ-1A/1B CCD and Terra/MODIS are in
sun-synchronous orbits, and have descending nodes
around 10:30 a.m. local time. Aerosol changes during
the time difference (<1 h) would be very small, and
the same cross-sensor approach has been used
elsewhere (e.g., Hu et al., 2001, LANDSAT-7/ETM+
versus SeaWiFS; Pan et al., 2003, CMODIS versus
SeaWiFS; Pan et al., 2004, HY-1A COCTS versus
SeaWiFS; Tang et al., 2005, CEBERS-02 CCD
versus MODIS; Wang and Franz, 2000, MOS versus
SeaWiFS). The atmospheric aerosol optical depth
(AOD) properties of Terra/MODIS, achieved by a
simple extension of the near infrared-shortwave
infrared (NIR-SWIR) combined atmospheric
correction approach embedded in SeaWiFS Data
Analysis System (SeaDAS) (Wang and Shi, 2007),
can be used to correct the simultaneous HJ-1A/1B
CCD imagery. The AOD at 551 nm of 0.297 that
has the most frequency of occurrences was retrieved
from Terra/MODIS, validated by the in-situ measured
AOD data of 0.307, and converted into a visibility
of 26.3 km according to Eqs.1,2. Then the Fast Line-
of-sight Atmospheric Analysis of Spectral Hypercubes
(FLAASH) module in ENVI software was used to
do the atmospheric correction for the HIJ-1A/1B
CCD imagery using the visibility data as inputs to
get surface reflectance (Fig.3). Finally, the remote
sensing reflectance was obtained from the surface
reflectance according to Eq.3 and approximate
Eq.4.

AOD
p="—=
o

(1
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Table 1 Water depth and the water transparency of the
sampling stations in the subregions of Poyang Lake

Subregion Date Latitude(°N) Longitude(°E) W.T. (m) W.D. (m)

A Oct 17,  29.614 116.137 0.1 5.0
2009
Oct 17,  29.659 116.157 0.1 15.0
2009
Oct 18,  29.386 116.041 0.2 2.5
2009
Oct 20,  29.525 116.135 0.1 16.0
2009
Oct 20,  29.557 116.126 0.1 8.0
2009
Oct 20,  29.508 116.131 0.2 5.0
2009
Oct 20,  29.476 116.100 0.2 4.5
2009
Oct 20,  29.446 116.057 0.2 18.0
2009
Oct 20,  29.409 116.028 0.1 10.0
2009
Oct 20,  29.391 116.029 0.2 5.5
2009
Oct 26,  29.377 116.055 0.2 15.0
2009
Oct 26,  29.394 116.050 0.2 6.5
2009
Oct 26,  29.396 116.041 0.2 15.0
2009
Oct 26,  29.402 116.027 0.1 17.5
2009
Oct 26,  29.419 116.030 0.1 12.5
2009
Oct 26,  29.434 116.040 0.1 7.5
2009
Oct 26,  29.456 116.085 0.1 3.5
2009
B Oct 21,  29.087 116.337 0.3 2.0
2009
Oct 21,  29.142 116.311 0.3 22
2009
Oct 21,  29.200 116.282 0.3 4.0
2009
Oct 21,  29.226 116.259 0.3 1.3
2009
Oct 22,  29.076 116.370 0.4 2.0
2009
Oct 22,  29.057 116.396 0.3 3.0
2009
Oct 23,  29.059 116.530 0.9 3.5
2009
Oct 24,  29.057 116.395 0.6 3.0
2009
Oct 24,  29.073 116.372 0.5 2.0
2009
Oct 24,  29.088 116.336 0.4 3.0
2009
Oct 24,  29.173 116.289 0.4 3.0
2009
Oct 24,  29.227 116.258 0.3 1.2
2009
C Oct 23,  29.021 116.494 0.9 4.0
2009
Oct 23,  29.045 116.581 0.7 3.5
2009
Oct 23,  29.015 116.614 0.6 3.5
2009
Oct 23,  28.983 116.652 0.8 4.5
2009
Oct 24,  29.036 116.512 0.7 4.0
2009
Oct 24,  29.011 116.470 0.6 4.0
2009

W.T.=water transparency; W.D.=water depth.
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Fig.3 Flow chart for atmospheric correction of the
HJ-1A/1B CCD image
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where a is the effective aerosol layer thickness,
is the extinction coefficient at 550 nm, and v is the

visibility.
Rrs = pw /ﬂ:tO (3)
t, =exp(—7,/2/cosB,) “

where p,, is surface reflectance, #, is the diffuse
transmittance from the sun to the pixel, 6, is the
solar zenith angle, and 7, is the Rayleigh optical
thickness calculated using the method proposed by
Hansen and Travis (1974).

The central wavelength of HJ-1A/1B CCD was
simulated as (Gordon, 1995):

I/%ZRSR(/I)/IM

central

Y3 )

A,
RSR(A)dA
le )

where A.... 18 the central wavelength, 1 is the
wavelength and RSR is the relative spectral response
function of HJ-1A/1B CCD. The central wavelengths
for HJ-1A/1B CCD are 489 nm for band 1, 567 nm
for band 2, 664 nm for band 3, and 828 nm for band

4. R (Aeenwra) Was used to represent the band R, of
HJ-1A/1B CCD

To evaluate the atmospheric correction precision,
the in-situ hyperspectral R,, data were integrated
over the RSR function of the HJ-1A/1B CCD bands
to obtain simulated R, (489), R (567), R (664), and
R.(828) according to the formulas, as:

| A RSR(A)L, (A)dA
_A
) (6)
[7"RSR(A)dA
A
A RSR(A)E, (A)dA
E,(04) = @)
[ RSR(2)dA
A
Jr— 8
S RCYS ®)

where / is wavelength, L,, is water-leaving radiance,
and E40+) is downwelling irradiance just above the
water surface.

Figure 4 shows a comparison between in-situ R,
and satellite R, of HJ-1A/1B CCD after atmospheric
correction at the sampling stations in Poyang Lake.
The values of satellite R(567) and R, (664) match
closely to those of in-situ R,,, but not those of R((489)
and R, (828). The mean relative difference for
satellite R(567) is 11.3% and for R, (664) is 15.2%,
while the mean relative difference for satellite R(489)
is 50.4% and for R(828) is 113.4%. The atmosphere
correction method used here worked well at band 2
and band 3, but poorly at band 1 and band 4. This
may be related to the factor that the calibration of
CCD bands may be off and this may affect band 1
and band 4 more than band 2 and band 3.

4 RETRIEVAL ALGORITHM ESTABLISH-
MENT

The satellite R, of HJ-1A/1B CCD bands was
extracted for the sampling stations after atmospheric
correction. Two thirds of the in-situ TSSC was used
to establish the retrieval model and the other one
third for the validation. On the basis of the reasonable
results of atmospheric correction for band 2 and
band 3, the optimal exponential algorithm producing
the highest determination coefficient through
regression analysis among different band combinations
forms for TSSC retrieval was established as:

TSSC = 0.4023¢*457%)
X =(R,(567)+ R (664))R (664)/ R (567) (9)
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Fig.4 Comparing in-situ data and HJ-1A/1B CCD data in four bands for R, (1) (1/sr) from the sampling stations in

Poyang Lake, after atmospheric correction

where X is the combination factor of R at band 2 and
band 3 obtained from HJ-1A/1B CCD. The R? of the
regression relationship is 0.8 (Fig.5), and it is significant
below the 0.01 level by F-test. The mean relative
error is 25.1% through in-situ data validation. The
precision of this algorithm can meet the retrieval

demand.
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Fig.5 Scatter plot and regression relationship between
TSSC and the combination factor of X consisting of

R, at band 2 and band 3 of HJ-1A/1B CCD

5 RESULT AND DISCUSSION
5.1 In-situ water quality indicators

Table 2 shows descriptive statistics including the
minimum, maximum, mean, and standard deviation
values for the three water quality indicator
concentrations of Poyang Lake, according to field
measurements taken during the study period, October
17-26, 2009. The variation of TSS in Poyang Lake
shows a wide range (3-524 ng/L), while surface
chlorophyll-a concentration shows a narrow range
(0.649-18.582 pg/L) and at the same time the CDOM

Table 2 In-situ water quality indicator concentrations in
Poyang Lake from October 17-26, 2009 (S.D.=
Standard deviation)

Water quality indicator Min Max Mean S.D.
TSS (mg/L) 3.0 524.0 85.8 93.982
Chl a (ng/L) 0.649 18.582 5291 3.264
ag(400) (1/m) 0.495 1.170 0.814 0.136
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absorption coefficient at 400 m ranges between
0.495/m and 1.170/m. These numbers demonstrate
that the optical characteristics of Poyang Lake water
are mainly affected by TSS.

The graph in Fig.6 shows the in-situ TSS of
the sampling stations from October 17-26, 2009. To
visualize the variation in TSS from south to north,
Fig.6 was drawn over latitude from the extreme
south sampling site in Poyang Lake to the extreme
north sampling site lying at the intersection of
Poyang Lake and Changjiang River. Except for the
extreme north sampling site with a low TSSC, as
latitude increases, the TSSC first starts low and
remains approximately unchanged from about
28.90°-29.03°N, then increases with relatively low
values in the middle from 29.03°-29.26°N, and
finally increases to relatively large values at the
end from 29.26°-29.75°N. In general, TSSC
increases from south to north. It is partly due to the
sand dredging activities which can make strong
resuspension of suspended sediment, since there are
little sand dredging activities in the south, while
there are many ones in the north.

Table 3 shows the descriptive mean and standard
deviation values for TSS, chlorophyll a, and ag(400)
of the three subregions. High TSSC is found in
Subregion A, partly due to sand dredging activities.
In Subregion C, both chlorophyll @ and ag(400)
show high values, because Subregion C is surrounded
by farmland and villages and is easily influenced by
runoff from the land. Subregion B suffers little
influence of anthropogenic activity and has low
concentration of chl a. There are fewer sand dredging

600

400 |

200

TSS (mg/L)

0
28.90°  29.03° 29.11° 29.22° 29.26° 29.36° 29.48° N
Latitude

Fig.6 In-situ TSSC from 90 sampling stations from
October 17-26, 2009

Table 3 Mean values of TSS, chl a, and ag(400) for

subregions
Mean value/S.D.
Subregion
TSS (mg/L) Chl a (ug/L) ag(400) (1/m)
A 166.53/53.73 5.84/2.94 0.70/0.05
B 39.77/17.76 4.32/2.35 0.85/0.10
C 6.00/1.60 6.51/3.01 0.83/0.14

S.D.=Standard deviation

activities in Subregion B and C compared with
Subregion A, and these two subregions show lower
TSSC.

5.2 Retrieved results for Poyang Lake as a whole

Using atmospheric correction results and the
retrieval algorithm, the TSS distribution was retrieved
from a HJ-1A/1B CCD image acquired on October
24, 2009 (Fig.7). The relative errors between the
in-situ data and retrieved results for the sampling
stations vary because of geography. To analyze the
distribution of the differences at different stations,
the TSSC retrieved from the HJ-1A/1B CCD image
was compared with in-situ TSSC from October
17-26, 2009 (Fig.8). The retrieved TSSC matches
closely to the in-situ data at the most southern
stations, but diverges sharply at a few middle and
northern stations. The high scatter in the in-situ data
of Fig.8 also illustrates the high spatial variability of
TSS in Poyang Lake. Further, to analyze the concrete

0 10 20 40
ey seeessssss Kilometers
N : |
0 50 100 150 200 250 300
TSS (mg/L)

Fig.7 TSS distribution retrieved from HJ-1A/1B CCD
image on October 24, 2009
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reason for the different retrieval error, two typical
sampling stations of October 24, 2009, located at the
stream with different width, S102401 and S102402,
used to validate the established retrieval model,
were chosen for analysis. The absolute error for one
sampling station is 0 mg/L and it was 33 mg/L for
the other. The error may be related to scale matching
and mixed pixel resolutions: first, the in-situ data are
from just one point, while the retrieved results are
planar data covering a 30 by 30 square meters area,
thus generating error; second, the stream width is
900 m, covering 30 pixels at station S102401, while
at station S102402, the stream width is just 150 m
covering only 5 pixels (Fig.9). Consequently, there
is a bigger retrieval difference for station S102402
than for station S102401. Because the land signal
influence was more severe for station S102402 than
for station S102401, more error was introduced as a
result of the mixed pixel problem.

Vol.30

5.3 Retrieved results for subregions of Poyang
Lake

From the retrieved TSS results for October 24,
2009, we can see that Subregion A in the sand dredging
area had the highest TSSC, Subregion C near the
villages and farmland had the lowest TSSC, and
Subregion B in the marshlands had TSSC in the
middle range (Fig.10). This distribution trend is the
same as that found from the in-situ data analysis.
Every year, a large amount of sand flows into Subregion
A, mainly from the Ganjiang River and the Xiushui
River. Driven by big profits, there are many sand
dredging activities in Subregion A, and these are the
principal factor contributing to strong resuspension
of sediment and higher TSSC levels than in subregions
B and C. The mean TSSC from the retrieved data is
a little lower than the mean in-situ TSSC (Fig.11).
This may be related to the uncertainty in atmospheric
correction and the established retrieval model.
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Fig.8 Comparison of TSS concentration between the retrieval values from the HJ-1A/1B CCD image of October 24, 2009

and the in-situ data of October 17-26, 2009

nr e
R 1)*

01020 40, 051 2,
— — Kilometers = Kilometers
— | T—
0 50 100 150 200 250 300
TSS (mg/L)

45 | sl 55

g.’ ..’ 42 | 37 | 61
50 | 33 | 50
§ 0452 18 Motors }!\I b

bep el

051020 potors ]jl

Fig.9 Location of and retrieval values around the two typical sampling stations on October 24, 2009
a. enlarged nine pixels around S102402; b. pixel values around S102402; c. enlarged nine pixels around S102401; d. pixel values around S102401.
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Fig.10 Enlarged maps of TSS distribution for Subregions A, B and C (see Fig.1) over Poyang Lake on October 24, 2009
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6 CONCLUSION AND FUTURE WORK

We conducted field surveys in Poyang Lake to
measure water quality parameters (TSSC, chlorophyll-
a concentration, and CDOM absorption coefficient)
and remote sensing reflectance from October 17-26,
2009. The objectives were to study characteristics of
Poyang Lake in the dry period, and to evaluate if
and how HJ-1A/1B CCD data can be used for inland
lake TSS monitoring.

The atmospheric correction for HJ-1A/1B CCD
imagery was done using the FLAASH module in
ENVI with the aid of aerosol information retrieved
from concurrent Terra/MODIS data with a simple

extension of the NIR-SWIR combined atmospheric
correction approach. Compared with simulated
in-situ R, for the HJ-1A/1B CCD bands, the mean
relative difference for atmospheric correction is
smaller in the bands with relatively high reflectance,
but larger in the bands with low reflectance.

The TSSC distribution in Poyang Lake was
retrieved from HJ-1A/1B CCD data on October 24,
2009 using the atmospheric correction results and
established retrieval model. The retrieval error may
be related to scale matching and mixed pixel
resolution. The distribution trend of TSS for the
subregions was consistent with the field investigation
results. It was shown that the HJ-1A/1B CCD
cameras have the potential to monitor TSS in Poyang
Lake after applying the proper atmospheric correction
method and retrieval model.

In future work, the retrieval of chlorophyll-a
concentration and CDOM absorption coefficient will
be studied, even though this will be difficult because
of'the limitations of spectral resolution and sensitivity
of HI-1A/1B CCD. Further work will also focus on
the improvement of atmospheric correction of HJ-
1A/1B CCD in the bands with relatively low remote
sensing reflectance so as to better use HJ-1A/1B
CCD data in water environmental monitoring and
management.
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