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 Chapter I. Introduction 

1. Background  

The inner bay of the Pearl River Estuary covers approximately 4,000 km2. Its 
drainage basin, the so-called ‘Pearl River Delta Economic Development Zone’, 
encompasses many highly industrialized and densely populated cities, including 
Guangzhou, Shenzhen, Zhuhai, and Dongguang. 
 
Since the 1970s, accelerating population and industrial growths in the Pearl River 
Delta have brought large-scale exploitation without adequate environmental 
consideration, which have caused various environmental pollution problems. In 
particular, water quality in the estuary has degraded considerably as a result of 
the increased quantity of under-treated wastewater drainage from cities, 
industries and agricultural land. 
 
As a result, marine pollution and eutrophication in the Pearl River Estuary are 
thought to have advanced to such an extent that frequent occurrences of ‘red tides’, 
the depression of fisheries and aquaculture industries, and a decrease in 
biodiversity have become evident. 
 
The Government of China (hereafter referred to as GOC) recognized an urgent 
need to control the advancing marine pollution. As a first step, to improve the 
existing marine water quality monitoring system in the estuary to establish a 
scientific basis for the causal relationship between the pollution load and the 
water quality. Consequently, GOC extended a request to the Government of Japan 
(hereafter referred to as GOJ) for assistance in conducting a joint study to 
establish a comprehensive water quality monitoring program in the estuary.  
 
GOJ responded to the request by offering technical assistance through the Japan 
International Cooperation Agency (hereafter referred to as JICA), the official 
agency responsible for undertaking technical cooperation programs, to conduct 
such a joint study, in close cooperation with a relevant counterpart organization of 
China.  
 

1.1 Structure of this Report 

This report presents the methods and results of an intensive monitoring study 
and water quality computer simulation of the Pearl River Estuary. It also 
presents a detailed monitoring proposal arising from the monitoring and 
simulation work of the present study as well as other related studies.  
 
The report is structured in the following way. The present chapter introduces an 
overview of the objectives, organization, schedule and approach to the study, 
including the preparation of the proposal.  
 
Chapter II summarizes the results of this study and then presents a 
comprehensive monitoring plan for promoting an environmentally sustainable 
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estuary that is compatible with the needs of the community. The study team 
opted to present the proposal before the detailed results of the study, as the 
target audience of this report is likely to be mostly concerned with future 
management issues.  
 
Chapters III to IV detail the results of this study and summarizes data from 
previous studies. Chapter III describes various components of the Pearl River 
environment, including the geology, meteorology, oceanography and economic 
sociology, and how the interactions of these components result in very complex 
and vulnerable marine ecology.  
 
Chapter IV details the physical, chemical and biological structure of the 
estuarine water, and reports the major types, sources and the mechanisms of 
pollutants in the estuary.  
 
Chapter V presents a complex computer simulation of water quality in the 
estuary, based on results from this survey and other monitoring programs.  

2. Objectives of the Present Study 

The objectives of the present study were to: 
• consolidate baselines for the current state of the pollution load and marine 

water quality in the Pearl River Estuary by (1) the collection and analyses of 
existing data; (2) a land-based field survey and (3) an offshore pilot water 
quality monitoring program; 

• develop a water quality simulation model for the estuary, based on the results 
of the baseline study; 

• present a blueprint for a comprehensive water quality monitoring program that 
can be realistically implemented by the GOC; 

• implement a technology transfer to the Chinese counterpart during the course 
of the joint study. 

3. Study Area 

The study area is shown in Figures 1 and 2. The main area of this study was the 
inner bay area that is the northern part of the line connecting Macau to Lantau 
Island, Hong Kong. 

4. Schedule  

The study commenced in March 2000 and was completed in July 2001 (about 17 
months in total). The study period was divided into two phases: the first phase was 
from March 2000 to December 2000 and the second phase was from January 2001 
to July 2001. The major activities of this study are shown in Table 1. 
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Table 1.  Major Activities of the Study 
Phase Activity 

1st phase 
 
 

・ collection of existing data and information 
・ field reconnaissance 
・ satellite image analysis 
・ evaluation of monitoring capability 
・ identification of pollution sources and pollutant loads 
・ first water quality monitoring: rainy season (summer) 
・ second water quality monitoring: dry season (winter) 
・ development and evaluation of a hydrodynamics simulation 

model 
・ development of a water quality simulation model 

2nd phase 
 
 
 
 
 
 
 
 

・ third, supplementary, water quality monitoring: transient 
season (spring) 

・ evaluation of the water quality simulation model 
・ formulation of a comprehensive monitoring plan 
・ proposal for organization and regulation 
・ cost estimation for development of monitoring 
・ confirmation of the ‘technology transfer’ plan 
・ ‘technology transfer’ seminar 
・ submission of final report 
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5. Organization 

5.1 General Organization 

The study was carried out by the study team, dispatched by JICA, in close 
collaboration with the counterpart agency i.e., State Oceanic Administration 
(hereafter referred to as SOA). On commencement of the study, JICA organized 
an advisory committee composed of experts and Japanese Government officials 
to advise and supervise the progress of the study. The general organization for 
the study is shown in Figure 3. 

 
Japanese Side                     Chinese Side 

 
 
 
 
 
 
 
 

Figure 3.   Organizational Chart of the Study Implementation Bodies 
 

5.2 Japanese Organization  

The study was carried out by the JICA study team. The team was composed of 
the following nine specialists. 

 
Table 2.    Members of The JICA Study Team 

Team Leader Mr. Noboru SAKUMA 
Vice Team Leader / Marine Environment / 
Water Quality Monitoring 

Mr. Mitsuaki ITO 

Water Quality Analysis Mr. Takeharu KAWAMURA 
Ecosystem Mr. Motoi GONDA 
Pollution Mechanisms Mr. Masao ITOI 
Hydro-oceanography Mr. Youichi HARADA 
Pollution Analysis / Simulation Dr. Akio WAKE 
Satellite Imagery Analysis Mr. Yuji HATAKEYAMA 
Socioeconomics / Organization / Institution Mr. Taiichi KONDO 

 
An advisory committee for the study, organized by JICA, was composed of the 
following three members. 

 
Table 3.    Members of the Advisory Committee 

Chairman of the Committee Mr. Masami MIZUGUCHI 
Committee member Mr. Kazuhiro URAYA 

 
 
 

Advisory Committee JICA Steering Committee

JICA Study Team State Oceanic Administration
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5.3 Chinese Organization 

The counterpart team was composed of the following ten specialists. 
 

Table 4.    Members of the Counterpart Team 
Team Leader Mr. WANG MINGWEN 
Vice Team Leader / Marine Environment Mr. Yu Bin 
Marine Environment / Water Quality 
Monitoring 

Mr. JIANG YUEJIN 

Water Quality Analysis Mr. ZHONG SISHENG 
Ecosystem Ms. DONG YANHONG 
Pollution Analysis / Simulation / Pollution 
mechanisms 

Mr. LIN SHAOYI 
Ms. JIA YANSHUANG 

Hydro-oceanography Mr. LIOU MENGLAN 
Satellite Imagery Analysis Mr. LIOU HANZHI 
Socioeconomics / Organization / Institution Ms. HE GUIFANG 

 
The Chinese side also organized a steering committee composed of the following 
scientific experts, familiar with the transitional state of the Pearl River Estuary 
and the delta region. 

 
Table 5.    Members of The Steering Committee 

Mr. WANG MINGWEN 
(Chairman) 

Deputy Director 
South China Sea Branch (SCSB) of State Oceanic 
Administration (SOA) 

Ms. LIN YANTANG Professor 
South China Sea Institute of Fishery of China 

Dr. HAN WUYING Professor 
South China Sea Institute of Oceanography, 
Academia Sinica 

Dr. WU CHAOYU Professor 
Oceanography Center, University of Zhongshan 

Mr. HUANG ZHIMIN Senior Engineer 
Guangdong Province Environmental Protection 
Bureau 

Mr. XIA ZHONGWAN Professor 
South China Sea Branch (SCSB) of State Oceanic 
Administration (SOA) 

Mr. ZHOU MAO 
 

deceased 

Chief Engineer 
Guangdong Province Environmental Protection 
Monitoring Center 
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6. Approach to the Study 

(1) Proposal of Implementation System 

Prior to the present study, at least six organizations were known to be 
independently engaged in a monitoring and/or a survey of the aquatic 
environment of the study area. The present study team classified these 
organizations according to their responsibilities. An outcome of this was to 
formulate an alternative, more efficient, implementation scheme for ongoing 
monitoring program. 
 

(2) Arrangements for Supporting Scheme 

Necessary measures for supporting the monitoring system were identified in 
the areas of legislation, administration, finance, and technical competence, as 
well as elements required for sustainability. 
 

(3) Utilization of a Monitoring System for Environmental Impact Assessment and 
Fishing Environment Management  

The proposed monitoring system was designed to assess not only the current 
conditions but also to predict future conditions on the basis of projected 
changes in pollutant variety and loads. 
 
The proposed monitoring system, including a water quality simulation model, 
was designed to be useful in performing Environmental Impact Assessment 
(EIA) and Fishery Environment Management (FEM), and provide possible 
financial resources to the counterpart agency.  
 

(4) Monitoring Program as a Tool for Environmental Decision Making 

The proposed monitoring program was designed to assist administrative 
decision makers as a tool for effective management, by providing bases for the 
environmental management and planning in the study area, including coastal 
and upstream development projects. 
 

(5) Securing Reliability of Marine Water Quality Analyses 

Samples were analyzed in multiple local laboratories. The results were cross-
checked to ensure accuracy and reliability. 
 

(6) Management and Utilization of Monitoring Database 

The problems of the present database control were identified and an 
appropriate cost-effective improvement plan is proposed. 
 

(7) Development and Utilization of Water Quality Simulation Model 

To simulate the complex nature of the Pearl River Estuary, the model included: 
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1) a three-dimensional hydrodynamics model that can simulate 

stratification and density currents generated by the salinity and 
temperature gradients common in the bay; 

2) a nutrient cycle model that can simulate pollution mechanisms, such as 
convection, dispersion, algal production, decomposition, settling and 
release of nutrients from the bottom sediments, incorporating the 
hydrodynamics obtained by 1); and 

3) post-processing software to visualize the results of 1) and 2). 
 

On-site experiments to determine the biochemical parameters required for 2) 
were designed specifically for the present study because the parameters are 
highly site-specific. 
 
The model is targeted for the summer conditions, since the water quality is 
likely the worst in the summer. 

 
(8) Utilization of Satellite Imagery Analysis 

Satellite imageries were purchased and processed, and distributions of water 
surface temperature and concentrations of SS and chlorophyll-a were 
visualized and utilized as supplementary information for the pilot monitoring 
and simulation model development. 

 
(9) Estimate of Project Cost 

The current figures of personnel expenses, operation costs and facility 
investments were estimated and utilized as the basis of assessing the running 
costs of the proposed monitoring program. 
 

(10) Technology Transfer 

During the course of the collaborative study, technology transfer of water 
quality analysis, data quality control and assurance, data management and 
utilization of the simulation model were implemented. In addition, 
institutional and legislative methodologies for administration, operation and 
facility maintenance needed for effective marine environment management 
were disseminated. 
 
Occasional meetings between the study-team members and the counterpart 
team members were convened in order to mutually assure the progress of 
technology transfer. 
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7. Technology Transfer 

There were numerous transfers of technology that will influence the ongoing 
monitoring and management of the study site. The major subjects are shown in 
Table 6. 

 
Table 6.     Major Subjects of Technology Transfer 

Subjects Methods 
Marine survey technology OJT, seminars and DVD 
Experimental analysis for water pollution 
mechanisms 

OJT, manual for experiments,  
seminars and DVD 

Visual presentation technology for results 
of marine survey and water quality 
analysis 

OJT with text and seminar 

Multivariate analysis method for the water 
environment, such as principal component 
analysis 

OJT with text and seminar 
 

Data and its precision management OJT with text and seminar  
Satellite imagery analysis Seminar and DVD 
Simulation model OJT, user’s manual, seminar and 

DVD 
Utilization of monitoring and simulation 
model for the decision making 

Seminar and presentation of 
draft final report of this study 

Comprehensive monitoring plan Seminar and presentation of 
draft final report of this study 
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