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Abstract: Water quality information in the coastal region of Hong Kong and the Pearl
River Estuary (PRE) is of great concern to the local community. Due to great
landuse-landcover (LULC) changes with rapid industrialization and urbanization in the
Pearl River Delta (PRD) region, water quality in the PRE has worsened during the last 20
years. Frequent red tide and harmful algal blooms have occurred in the estuary and its
adjacent coastal waters since the 1980s and have caused important economic losses, also
possibly threatening to the coastal environment, fishery, and public health in Hong Kong.
In addition, recent literature shows that water nutrients in Victoria Harbor of Hong Kong
have been proven to be strongly influenced by both the Pearl River and sewage effluent in
the wet season (May to September), but it is still unclear how the PRE diluted water
intrudes into Victoria Harbor. Due to the cloudy and rainy conditions in the wet season in
Hong Kong, ASAR images will be used to monitor the PRE river plumes and track the
intruding routes of PRE water nutrients. In this paper, we first review LULC change in the
PRD and then show our preliminary results to analyze water quality spatial and temporal
information from remote observations with different sensors in the coastal region and
estuary. The study will also emphasizes on time series of analysis of LULC trends related
to annual sediment yields and critical source areas of erosion for the PRD region since the 1980s.
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1. Introduction

Remote sensing technique is a valuable tool to obtain information about processes that take place
on the surface of waters [1,2]. One major advantage of satellite remote sensing observations over
traditional measurements of water quality monitoring is that they provide both spatial and temporal
data of surface water characteristics. With current satellite-based advanced sensors, a large amount of
water quality information, such as chlorophyll-a (Chl-a), suspended particle matter (SPM), yellow
substance, turbidity, Secchi disk depth, wave height, color index, and sea surface temperature (SST),
can be observed on a regular basis [3,4]. However, there are still some outstanding issues related to the
performance of the atmospheric correction in the coastal areas [5], especially due to the effects of
turbid waters in coastal regions and river estuaries.

Several studies have addressed the importance of accurately acquiring the information of water
components for water quality monitoring by using remote sensing. Since the 1970s, a large number of
satellites have been launched with multi-sensors onboard, which are providing data to various
databases all the time. Numerous studies on water quality monitoring in different regions of the world
have been initiated via different methods and instruments. River estuaries and coastal margins are the
areas of most concern due to their complex hydrological environment, particular physical and
biochemical properties of water body [6—8]. A series of studies on SPM around the Mississippi River
and Gulf of Mexico have been done [9—11], and satellite remote sensing of ocean color has been used
to study coastal processes such as spatial and temporal variability of SPM around this area, as well as
in the Urdaibai Estuary of Spain [12]. Accurate remote assessment of chlorophyll-a concentration can
be retrieved in turbid, productive estuaries such as the Chesapeake Bay [13].

In China, attention has focused on the coastal areas around the Yangzte River mouth and the Pearl
River estuary (PRE) [14]. Results include a three-dimensional model of the PRE suspended solids by
coupling with the three-dimensional hydrodynamic model [15], the SPM impacts on the PRE and the
analysis of its 25-year transition based on Landsat TM images [16], and the suspended sediment
concentration in PRE and its adjacent coastal waters from 1995-2000 based on NOAA/AVHRR
data [17]. A recent study of water quality assessment from satellite data is reported by using the
composite pollution index (CPI) calculated from the measured chemical oxygen demand (COD) and
nutrient concentrations. The distribution of water quality levels from the CPI calculation was retrieved
from SeaWiFs water-leaving radiance [18]. These studies not only show that the spatial distribution of
nutrients, phytoplankton biomass, and dissolved oxygen is highly related to the PRE dynamic
interaction with adjacent coastal waters [19,20], but also indicate that water nutrients in Hong Kong’s
Victoria Harbor are strongly influenced by the PRE discharge and sewage effluent in the wet season
from May to September [21,22]. These research results show that obvious spatial distribution and
temporal variation existed, but the concentrations of water components are changing all the time from
the river mouth to the open sea.

Although there are some reports on water quality parameters distribution and dynamics in the PRE
region, chlorophyll-a variation and transition have been little studied on a long-term basis. Previous
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research implies that landuse-landcover (LULC) change has some correlation with SPM movement
along the coastal waters, but there is no analysis of how LULC trends might influence annual sediment
yields and critical source areas of erosion for the PRE watersheds. In particular, retrieval algorithms
development and time series of analyses by using multi-satellite data have not been addressed in
previous studies. We will show some preliminary results in this paper.

2. Study Area

The coastal region around Hong Kong and the Pear River estuary (PRE) is selected as our study
area (see Figure 1).

Figure 1. The study area in the PRE and coastal region of Hong Kong (adopted from MapPoint).
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The Pearl River Delta region has experienced rapid economic growth since the 1980s. Along with
the economic development, great changes on land use status have taken place. Up to 1998, the
urbanization level of this region was 47%, which is far higher than the 25% of the rest of the country.
Rapidly urbanization development must come along with the rapid population growth and urban area
expansion. So the economic development in Pearl River Delta region is closely linked with human
activities, which have given rise to the increasing pollution problems and the serious pressure on water
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quality. The fast land use change in this region can inevitably further worsen the water quality in Pearl
River estuary and its adjacent waters, including Hong Kong coastal waters. Therefore, it is significant
to study the land use change in Pearl River Delta area and its environmental effects on water quality.

Figure 2. Flowchart of the proposed research.
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3. Data Collection and In Situ Measurements

Remote sensing data are collected from several optical sensors, while MODIS and MERIS are the
main two sensors used due to their convenient availability and the fact they are charge-free. MODIS,
which is onboard both EOS Terra and Aqua satellite, can provide data from the same region twice a
day. MODIS has 36 spectral bands and three different spatial resolutions, which is ideal for monitoring
large time scale changes in both open sea and coastal regions. Moreover, the simultaneous acquisition
of MERIS and ASAR data is available on board the ENVISAT launched in 2002, making it possible to
evaluate water quality information in the coastal regions with either cloud-free or all-weather
conditions. Unlike MODIS data, MERIS products have a higher resolution than MODIS and are easy
to process using the special BEAM processing software.

MODIS and MERIS data in different months or at least four different seasons of the year will be
collected and processed. However, due to local cloudy and rainy conditions, atmospheric correction
and cloud elimination are necessary before data preprocessing and geo-calibration. A new atmospheric
correction was approached by using MODIS short wave infrared (SWIR) bands for deriving more
accurate ocean color products in coastal regions [5]. With this newly developed calibration method,
the ocean color images in the coastal waters, so called case 2 waters, can be better calibrated. The
method will be applied in our case studies. After data preprocessing, suitable quantity of MODIS and
MERIS data will be selected for the examination and application of two existing algorithms in other
tasks. High spatial and spectral resolution images, such as ALOS and Hyperion data, will also be
purchased and preprocessed to test the existing algorithms used in other tasks.

In addition, we collected marine water data at 67 stations from Environmental Protection
Department (EPD) of Hong Kong Special Administration Region (HKSAR) and preprocessed the data
to be used in other tasks.

The optical properties of coastal waters were investigated from a floating platform to measure the
field spectra of water stations. Concurrent water sampling and samples analysis in the laboratory were
performed in May and August 2008. The position of the sampling boat was be geo-located by a
portable Global Position System (GPS), and 15~20 stations were be sampled in each cruise. In situ
field spectral data were measured simultaneously. At each station, data measurements include field
spectra, IOPs, water temperature, salinity, suspended particle matter (SPM), chlorophyll-a (Chl-a), pH,
TN, TP, COD, and BOD. These datasets were preprocessed to prepare for the use of the algorithm
development and validation. Figure 2 shows the flowchart of the proposed research.

4. Methods
4.1. Retrieval of Suspended Particulate Matter (SPM) Concentrations

The empirical two-band ocean color remote sensing reflectance algorithm (R;sA1/RsA2) will be used
in practice for retrieving SPM concentrations, where A is usually around the red band and A, is around
the green band. Recent literature has suggested that the reflectance ratios R;s670/R;555 of SeaWiFS
data were highly correlated to SPM concentrations by using the coincident field data in Mississippi
River estuary and coastal waters [9—10]. This relationship can also be expressed as:
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SPM = A *(R ,670/R  555)" (1)

Similarly, MODIS and MERIS sensors have similar bands to receive water surface reflectance.
Thus, Equation (1) can be written as:

SPM = A *(R Red/R  Green)® (2)

where A and B are empirical coefficients and can be determined through the combined analysis of in
situ measurements and field spectral data.

4.2. Retrieval of Chlorophyll-a (Chl-a) Concentrations

The three most popular Chl-a algorithms are the empirical, semi-analytical and analytical methods.
The empirical method is based on a large amount of field in sifu datasets, by which the statistical
relationships of Chl-a and remote sensing reflectance can be found. Although it is very suitable for
open ocean waters, this approach is not useful for turbid coastal waters. In comparison, the analytical
approach is used to derive Chl-a from radiative transfer functions, however it is still too sophisticated
to improve the whole model from the basis part and obtain the solutions exactly.

In this study, the semi-analytical method will be applied and developed. The technique is based on
the relationship between reflectance R(4) and two inherent optical properties (IOPs), total absorption
(a) and backscattering (bp) coefficients [23]:

b,(4)

R <1 D +b,D 3)

where v is dependent on the geometry of the light field emerging from the water body.
The total absorption coefficient can be expressed as:

a(A)=a,D)+a,(N)+a,(A)+a,(1) (4)

where w, ¢, g, d stand for pure water, phytoplankton, yellow substances and suspended
particles, respectively.
The total backscattering coefficients can be written as:

b,(4) =b,, (1) +b,,(4) (5)

A recent literature suggests that the accurate assessment of Chl-a concentrations in turbid case 2
waters by means of remote sensing can be made by three spectral bands [24]:

Chla o< [R™'(4,) - R (4,)]x R(4,) ©6)

In the study, the three-band algorithm will be applied and validated by in situ measurements and
field datasets.

5. Preliminary Results

MERIS with 300-1,200 m resolution provides global coverage every three days, and can therefore
be used to retrieve water quality information twice a week. MODIS data with 250—-1,000 m resolution
covers the PRE and coastal region of Hong Kong on a daily basis, and is free of charge. The MODIS
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data will be used to produce the daily water quality information in the study area. However, ALOS and
Hyperion data with 10-30 m resolutions will be applied to test and validate the developed algorithms
in the study. As a result, the spatial distribution of SPM and Chl-a in the PRE and coastal region of
Hong Kong will be mapped weekly, monthly, and seasonally from multi-sensors optical data. Figure 3
shows our preliminary results in the study area using MERIS data.

Figure 3. Spatial distribution of SPM and Chl-a in the study area using MERIS data.
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6. Future Tasks
6.1. Additional Use of Radar Images

In this task we will explore to use radar images for additional satellite observations. Due to the
all-weather capability of radar images, Advanced Synthetic Aperture Radar (ASAR) images will be
used to monitor the features of SPM plumes in the PRE in summer cloudy conditions and track the
intruding route of SPM plumes into the coastal water of Hong Kong. Water nutrients in Hong Kong’s
Victoria Harbor have been shown to be strongly influenced by both the Pearl River plumes and sewage
effluent in the wet season from May to September [21,22], but it is still unclear how the PRE plumes
intrude into Victoria Harbor. Therefore, five ASAR images from May to September will be processed
to extract the information of the PRE plumes and determine whether the ASAR images can be used to
monitor the PRE plumes.

6.2. Accuracy Assessment and Error Analysis

When the algorithms of SPM and Chl-a concentrations have been developed and established based
on previous studies and current research work, it will still be necessary to assess their accuracy. Part of
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the datasets collected from EPD of HKSAR and our field measured data of water samples will be used
to evaluate the accuracy. The rest of the datasets will be used to verify the advanced algorithms via
calculating standard errors and comparing with previous results. The deviation of the algorithm should
also be analyzed in the study.

6.3. LULC Trends Analysis

Support vector machines (SVMs) will be applied to analyze LULC change trends in the Pearl River
Delta (PRD) region [25]. The previous studies and recent results of LULC changes will be used to
compare with the annual sediment yields and critical source areas of erosion for the PRD region since
the 1980s, by which the annual characteristics of water quality in the study area and its spatial and
temporal variation can be further understood.

6.4. Impacts of LULC Trends on PRE Sediments

PRE sediment features will be analyzed to determine how LULC trends influence on its annual
yields and critical source areas of erosion for the PRD region. The eventual goals that we will achieve
are to understand how SPM vary seasonally and annually. With the analysis of LULC trends since
the 1980s, the sediment supply in the PRD region and the SPM spatial distribution in the PRE should
be better understood. The seasonal SPM variability should be highly affected by the PRE discharge in
wet and dry seasons. However, annual variation of SPM still needs to be further analyzed and then
compared with LULC trends from the previous studies and current research output, and finally to show
how the change trend of LULC with a rapid industrialization and urbanization in the PRD region
impacts on PRE sediment features.
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