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Preface

Various environmental issues are related to urban activities. Through the 
growing recognition of the necessity to develop sustainable urban manage-
ment, the University of Tokyo established the Center for Sustainable Urban 
Regeneration (cSUR) in July 2003. A research program at the cSUR was 
designed to create an integrated approach and to provide knowledge for sus-
tainable urban regeneration with the aid of a global network of researchers 
and professionals, and to coordinate the international research alliance made 
up of leading academic institutions worldwide.

As part of the program, several studies have been conducted focusing on 
urban environmental problems in Asian megacities such as Tokyo, Taipei, 
Guangzhou, Shenzhen, and Bangkok. The following topics in particular were 
selected for integrated and strategic research supported by researchers from 
the fields of architecture, civil engineering, and environmental engineering: 

–Integrated analysis of the urban atmospheric environment and its rela-
tionship with control of indoor air conditions in East and Southeast Asian 
countries

–Dynamic behavior of urban non-point pollutants in coastal environ-
ments

The research contains interesting intensive field-monitoring data on the 
coastal environment and the urban air environment. Topics also include 
state-of-the-art environmental monitoring and simulation analysis in urban 
areas. Key aspects of the research in advanced monitoring and the applica-
tion of environmental numerical simulation were selected for inclusion in 
this book.

Integrating the monitoring and modeling of urban environments is 
essential for engineers to identify and investigate environmental problems 
and their solutions. In addition, advanced understanding of environmental 
phenomena is necessary to manage contemporary environmental issues. 
Environmental monitoring provides information about the processes and 
activities that characterize environmental quality. Model development can-
not proceed without scientific data on environmental phenomena and the 
kinetics of associated processes. To understand the phenomena and proc-
esses, monitoring and modeling are fundamental.

v



vi Preface

The academic sector should update and add to the information on urban 
environments by discovering novel pollution phenomena and clarifying 
critical process mechanisms for pollution control. I hope that this book 
will be useful to undergraduate and graduate students and to experts and 
policymakers to improve their understanding of the field of environmental 
monitoring and model simulation.

Hiroaki Furumai
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   1.     Significance of Advanced Monitoring 

and Application of Environmental 

Numerical Simulation      

           Hiroaki   Furumai        

  1.1 Introduction 

 In the fields of civil engineering, architecture, and environmental engineering, 
environmental monitoring and model simulation are essential component in 
setting up the strategy of environmental research from the aspect of urban 
sustainability. Advanced knowledge of monitoring and numerical simula-
tion is required for graduate students to conduct their research dealing with 
the identification of environmental problems and investigations toward their 
solution. When dealing with increasing environmental concerns associated 
with water, air and soil pollution, as well as climate change induced by 
human activities, the accurate assessment of the state of the environment is 
a prerequisite for undertaking any course of action towards improvement. 

 In the twenty-first century COE research project, several studies have 
been conducted that focus on urban environmental problems in mega cities 
in Asian countries such as Tokyo, Taipei, and Bangkok. The research works 
contain interesting and intensive field monitoring data on coastal environ-
mental and urban air environments. Topics also included state-of-the-art 
of environmental monitoring and simulation analyses in urban areas: of 
hazardous substances, atmospheric movement, coastal hydrology, biological 
tests, and wastewater. 

 Before the representation of the COE research projects, this chapter will 
first discuss the significance of environmental monitoring and numerical 
simulations. Environmental monitoring provides information to describe 
the processes and activities, which characterize the environmental quality. 
Monitoring data is used in the preparation of environmental impact assess-
ments, as well as in many circumstances in which urban activities carry a 
risk of adverse effects on the natural environment. In addition, monitoring 
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2 H. Furumai

data is required to construct environmental models and to calibrate and 
validate models. 

 Environmental models seek to reproduce that occurs in a certain area 
during certain events. It is much easier and more practical to create math-
ematical models and run certain experiments than to go out and do the same 
experiment in an actual environment. All models have a specific target area 
and should be developed in accordance with their purpose of modeling. 
This means that it is crucial to determine the target area and to formulate 
the target phenomena with involved processes. In addition, the purpose of 
modeling should be clearly defined, considering the required accuracy of 
reproduction by the model. 

 Model development cannot proceed without scientific information and 
knowledge on environmental phenomena and the kinetics of associated 
processes. Monitoring and experiment are fundamental steps to understand 
these phenomena and processes. Such as planning and strategy must be 
well-designed in order to establish the current status of the environment and 
to understand trends in environmental quality parameters. The basic steps of 
and the cyclic process for model development and simulation are illustrated 
in Fig.  1-1 .  

 Models have three basic parts, starting with the science, moving towards 
a mathematical representation of that science, and ending in the solution of 

  Fig. 1-1.    Basic steps of and cyclic process for model development and simulation       
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the mathematics as a simulation. The overall process is actually a cyclical  
system: the answer that emerges from the simulation is used to refine the 
science, which leads to a new set of mathematics, which is expressed by a 
new computer program. One of the tasks we face in modeling is deciding 
when we think the answer is “right” enough. 

 Before the model application, the environmental models need to be 
calibrated and validated using monitoring and experimental data. Then the 
model can output the simulation results with given boundaries and initial 
conditions. A well-validated model can be used for future predictions within 
different scenarios, which are given considering future urban environmental 
planning. The simulation results are usually represented into a graphic form 
so as to depict their essential meanings. It is notable that graphic expression 
is also an important process in the entire of  simulation research.  

  1.2 Water Quality Monitoring and Simulation 

for Sustainable Water Management 

 Since the author’s specialty is water environment technology, the significance of 
monitoring and model simulation will be discussed with sustainable urban 
water management as an example. Many possible pathways to sustainable 
water management should be considered and relevant factors should be 
interrelated from the various aspects. 

 In order to explore sustainable water management, it would be necessary to 
evaluate and diagnose the water environment including water flow and quality. 
It is essential to know how to conduct the monitoring and how to construct 
models which can contribute to pollution control and management. 

  1.2.1 Evaluation of Water Cycle and Water Environment 

 First of all, we have to recognize the water cycle and water balance in the 
target watershed, since any water environment is deeply dependent on the 
characteristics of its related watershed. Rainwater falls on the ground and is 
stored in forests, soil, and groundwater. It then flows through rivers down to 
coastal waters and evaporates from lakes and seas to return as rainfall. This 
is the natural hydrological water cycle. The evaporation process contributes 
to the recovery of water quality, while the precipitation in mountainous 
areas provides the gravitational potential energy of water. 

 In urban regions, artificial water flow in water supplies and sewer systems 
coexists with the natural water flow as shown in Fig.  1-2  (Tambo  1976) . 
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Dams and reservoirs have been artificially constructed to secure stable 
water resources. After the introduced water has been used in urban areas, the 
resulting wastewater or treated wastewater is discharged to receiving water. 
Urban water use has a high potential to impact the natural water cycle, even 
while we reap the benefits of various water usages. This impact can bring 
quite a lot of change in the water flow, in water quality and in the biological 
community which consists of the aquatic environment.  

 In order to understand the changes brought about by this impacts, it is neces-
sary to quantify environmental components through monitoring. Additionally, it 
is desirable to evaluate them quantitatively using calibrated models. Figure  1-3  
shows the important components of water environment and the interrelation-
ships between the components and beneficial water use. Although the Figure 
is not sufficient to integrate all factors of influence, the afore-mentioned 
concepts and viewpoints are included. First, we have to evaluate the quality 
characteristics of  available water resources and to discuss acceptable water use 
with appropriate management. In addition, we also must pay attention to the 
ecological impact made on the biological community as well as on the water 
flow and chemical quality.  

 Temporal and spatial changes in water resources and the water environ-
ment should both be considered in order to establish a stable water supply 
and to support safe water use. Since the required water quality depends 
on the types of beneficial water use, water resource distribution should be 
designed and planned in consideration of quantity, quality and their sea-
sonal change. In other words, water resources and the environment should 
be monitored and modeled in consideration of water demands.  

  Fig. 1-2.    Water environment and urban water systems in the entire water cycle       
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  1.2.2 Environmental Quality Standard and Monitoring 

for Pollution Control 

 For water pollution control, environmental quality standards (EQS) are estab-
lished as target levels for water quality that are to be achieved and maintained 
in public water bodies under the Basic Environment Law. The standards have 
two major goals: protection of human health and conservation of the living 
environment (Okada and Peterson  2000) . The second goal is set for classified 
water bodies such as rivers, lakes, reservoirs, and coastal waters. The stan-
dard values for the living environment have been established for biochemical 
oxygen demand (BOD), chemical oxygen demand (COD), dissolved oxygen 
(DO), and other variables based on water usage. Table  1-1  lists the classified 
standard values related to the conservation of the living environment in riv-
ers (Ministry of the Environment  1997) . Each class corresponds to type of 
water use. Therefore, both the water quality of water resources is considered 
as well as their amounts. In this sense, the rapid growth of the urban popula-
tion raises serious concerns about water availability from the two viewpoints 
of the rapid demand for high quality water and of water pollution after water 
use in urban area.  

 Water quality monitoring has been officially conducted and the monitoring 
data is commonly used for evaluating the water environment. Figure  1-4  
shows the changes in the attainment rate in terms of BOD and COD as the 

  Fig. 1-3.    Water environment components and beneficial water use       
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1. Significance of Advanced Monitoring and Application of Environmental 7

organic pollution indicators since the year in which data was first collected 
on water quality management by the use of EQS. During the two decades of 
high economic growth from 1955 to 1975, the rapid spread of pollution in 
rivers and other water bodies was clearly evident in urban areas. After this 
period, river water quality has been improved around the country thanks to 
effective effluent regulation and the construction of sewerage systems with 
wastewater treatment plants. While the attainment rate of BOD in rivers was 
increased by mitigating organic pollution, the level of attainment of COD for 
water pollution remains low in enclosed water bodies such as bays, inland 
seas, and lakes with major pollution sources in their surrounding regions.  

 Efforts must be focused on effectively reducing pollutant loads in populated 
and industrialized areas around enclosed water bodies to improve their water 
quality. Additionally, specific regions contributing to water pollution are 
identified within each specified body of water. Every five years, the Minister 
of the Environment sets target on COD pollutant load reduction for each 
specified water area, as well as the target year by which they are to be met. 
These regulations, in accordance with the total pollutant load control stand-
ards, are the core of load-reducing measures based on the Areawide Total 
Pollutant Load Reduction Plan. These pollution control countermeasures have 
been implemented based on water quality monitoring data and water quality 
predictions by models. Combinations of monitoring data and model predic-
tions are essential approach to manage water quality control effectively.  

River
Coastal water

Lake

Overall

  Fig. 1-4.    Change in the attainment rate of water quality standards in public waters 
(River: BOD, Lake and Coastal water: COD)       
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  1.2.3 Significance of Advanced Monitoring 

and Modeling Research 

 Official water quality monitoring is designed so that the government can 
accurately evaluate the effectiveness of current countermeasures for pollu-
tion control. If there are no improvements in water quality, the government 
can deliberate the amendments as necessary and work to improve control 
measures. At the same time, the government also has  to try to monitor any 
defects in the water environment as well as of water use impairment. 

 As mentioned in the last section, enclosed water bodies continue to suffer 
from pollution and are in need of long-term countermeasures. In order to 
maintain, conserve, and improve the functioning of lakes and coastal waters 
area, it is vital to ascertain and assess not only water quality, but also the 
aquatic environment of the area as a whole, including fish, bottom sedi-
ment, and benthic organisms. From this perspective, academic and admin-
istrative sectors have worked together to establish well-qualified methods to 
assess the water purification and other functions of enclosed water bodies, 
and quantitatively assess the aquatic environment as a whole. 

 Academic sectors must play a role in discovering newly relevant  envi-
ronmental phenomena and clarifying the pollution mechanism. It means 
that we have to conduct advanced environmental monitoring as well as offi-
cially monitored environmental indicators. Such advanced monitoring can 
provide new ideas and hints to capture unknown phenomena and processes. 
Then, a conceptual model can be built to express these mechanisms in the 
target water environment. This research process is the first step in develop-
ing a mathematical model, as shown in Fig.  1-1 .   

  1.3 Monitoring and Modeling for Management and Research 

  1.3.1 Necessity of Water Environment Information 

on a Watershed Basis 

 The first version of the Basic Environment Plan was drawn up in December 
1994 based on the Basic Environment Law, which outlines the general direc-
tion of Japan’s environmental policies. The Basic Environment Plan is designed 
to engage all sectors of society in a concerted effort to protect the environment. 
The Plan maps out the basic approach of environmental policies with the 
mid-twenty-first century in view, and identifies four long-term objectives. 

 The Basic Environment Plan places “Conserving the Water Environment” 
among those policies under which we need to build a socioeconomic 
system which fosters a sound material/resource cycle. This system is closely 


