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Relationship between Water Quality in Forest-Rivers
and Geographical and Botanical Properties of Watershed

RILR Y, PRI REREY, ST Dy, o
Hideaki NAGARE", Shigeo FUJII", Isao SOMIYA® and Sawako SERIZAWA?

ABSTRACT; This paper focuses on the relationship between water quality in forest-rivers and properties
of their watershed in geology and/or botany to find out the mechanism which determines water quality in
foest-rivers in mountaineous area. Water quality in 26 forest-rivers was investigted at upper streams of
rivers in the Lake Biwa watershed, and their properties were determined from geological or vegetation map
to explore the relation between them. Those 26 rivers were separated into 6 groups based on their water-
shed properties, while nutrient concentration in such groups were different each other, suggesting certain

geological or botanical property, or a pair of geology and vegetation determines nutrient concentration in
river.

KEYWORDS; Forest-river, watershed property, nuirient concentration.
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Development of Waterborne Disease Transmission Model
based on Multi Agent Simulation Technique
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ABSTRACT

Despite the construction of water and wastewater systems in modern society, waterborne dis-
ease is still one of the biggest issues to be coped with in the field of public sanitation. In this paper,
a prototype of novel model to evaluate microbial health risk is to be presented. The model is based
on multi agent simulation technique, which simulates the movement of each agent that represents
individual or small group of individuals. The prototype imitates the movement of individual and
transmission of disease in an imaginary small area.

KEYWORDS
Waterborne disease, transmission model, multi agent simulation
INTRODUCTION

Construction of water and wastewater systems significantly decreased the occurrence of water-
borne disease, which, however, is still one of the threats to our society. In 1993, the largest Crypto-
sporidium outbreak in the USA occurred in Milwaukee, WI where 400,000 people were ill and 100
died (Rose et al., 2002). Such outbreak of Cryptosporidium also struck a small town Ogose, Japan
in 1996 (Suwa and Suzuki, 2001). '

As a tool for microbial risk assessment, Chick et al. (2001) proposed a model which simulates
infection transmission systems of waterborne disease. The model had four state variables; three
concerning with human beings (the number of individuals who are susceptible, infected or recov-
ered from the disease) and one which tepresents the concentration of microbial organisms in the
environment. The relationship between those variables is illustrated in Fig. 1. The susceptible indi-
viduals is fine and don't have immunity to the disease. With some probability, the susceptible are
infected due to the contact with infectious microbial organisms in the environment or infectious in-
dividuals. The infected increase the concentration of microbes in the enviromment through excretion,

and make the susceptible to be infected due to direct infection. The infected individuals recover af-
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L

ter some time. The individuals with the status of recovered have resistance to the disease, which is
to be lost with time though.

loss of resistance

R

infection recove
S o | 4t
+

I contamination from
Whke-—-——-———— | infected individuals

T exogenous infroduction

Fig. 1 The scheme of infection transmission model proposed by Chick et al. (2001). The
letters G, /, and R are the number of individuals who are susceptible, infected or recov-
ered from the disease, respectively, while W denotes the concentration of microbial or-
ganisms in the environment.

The model is of great availability in the real society, but has one limitation: it cannot predict the
spread of infected area. As the model only concerns the change in numbers of individuals or con-
centration of microbes in an area within imaginable but concrete border, modification of the model
is required to predict such expansion of the area.

In this paper, a new disease transmission model is proposed. In the model, the expansion of in-
fected area can be simulated as well as the change in numbers of individuals and concentration of
microbes.

MODEL DESCRIPTION

1. Multi agent simulation

In the new model, multi agent simulation technique was applied. Within the calculation area lo-
cated many representatives called agent, each of them represents individual or small group of indi-
viduals, and moves autonomously within the area. Multi agent simulation originates in the work of
Schelling (1969) who simulated the separation of residential area in a city.

2. Calculation conditions and movement rule of agent

An imaginary area was set for the simulation: the size of the area was 4 x 4 km in north to south,
and in east to west. In the area, four offices were located, and 300 agents lived. Figure 2 illustrates
the initial condition of the calculation world.
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Fig. 2 The initial condition of the agent simulation. Each of the small circles is the agent,
and four stars ("*") are the offices, to one of which agent goes to work. The numbers of
agent was 300 in this case.

In the prototype model, only one kind of agent was made. The agent imitates the movement of
office worker, leaving home for office in the morning, working in the office or sometimes traveling
to another office during daytime and going back to home in the evening. Each agent has its own
house and office which is chosen one from four offices randomly at the beginning of the simulation.

The time of departure from and return to home is set randomly within two hours from 7 to 9
o'clock (departure), or 17 to 19 o'clock (return home) for each agent. Every agent leaves home to
his/her office at the scheduled time with a speed of 4 km/hr, During the work time, some of the
agents in an office are chosen randomly with a probability of 0.5% to take trip to another office,
which is also selected randomly from the other three offices. When it is the time to go back to home,
the agent starts returning to home by walk.

3. Disease transmission

The concept of the model made by Chick et al. (2001) was introduced in this multi agent model.
But, for the simplification, transmission from microbial organisms to human being was ignored,
while human-to-human infection was considered instead. The status of agents who live in the south-
western part of the area is set to infected at the initial condition. Those infected agents move around
the area as well as those who are not infected.

At the point in which an infected agent stays and many susceptible agents gather like work
place infection occurs with a probability of A The occurrence of infection is decided for each sus-
ceptible agent with a random number. If the infection oceurs to an agent, the infection status of the
agent is changed from susceptible to infected, getting an ability to cause other infection. After some
time defined by a parameter 7, the infected agent recovers from the disease and gains the resistance
to it. But, this resistance is to be lost after some time defined by a parameter 7.
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MODEL RESULTS

1. Simulation result of agent movement
Figure 3 illustrates the movement of an agent in one day. It left home to office, took two trips in

daytime, and returned to home. This is the typical movement of agent, but some didn't take any trips

between offices.

Fig. 3 The movement of an agent in one day. The agent left histher home ("+") to the of-
fice in upper left ("*"®) in the morning. During the work time, the agent made two trips;
the one from @ to @, and ancther one from @ to @. In the evening it went back to the

home.

Figure 4 shows pictures of the world at 8 and 14 o'clock. In the morning (8 o'clock), some had
already left his’her home to office, but some still stayed in home. During the work time (14 o'clock),
most of the agent stayed in offices, but some were on his/her way to one of the other offices.

Fig. 4 Location of the entire agent at 8 o'clock (left) and 14 o'clock (right). -
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2. Simulation result of disease transmission

In order to demonstrate the availability of the model, a disease transmission simulation was con-
ducted. In the simulation, the parameter values of infection probability (£), the time required to be
recovered (7), thetime to lose resistance to the disease () were assumed to be 0.24 day™, 3 hrs,
and 3hrs, respectively, although those values seem unrealistic indeed: the probability is too high to
cause other infection, the time for recovery and loosing resistance is too fast (c.f. £#=0.01~0.1 day™,
71 and 7 =0.5~5 days in case of enterovirus (Eisenberg et al., 2004)).

At the beginning of the day, the infection status of five agents stayed around lower left corner
was made to be infected. Those infected agents moved around as usual, transmitting the disease to
the agents encountered. The changes in numbers of each infection status were shown in Fig. 6. As
time elapsed, the number of infected increased, followed by the recovered. At the end of the day at
20 o'clock, infected or recovered agents were found not only in the lower left comer but in entire

~area as shown in Fig. 5 (Ieft). This result indicates the disease transmission was simulated success-
fully in the multi agent model.

The one fact we found in the simulation was that the maximum number of the infected were dif-
ferent in every simulation even though the same parameter values were used. This was due to the
difference in movement and location of residence of agents; those were designed randomly at the
beginning of every simulation. This fact points out that the rate and magnitude of disease transmis-
sion depends on not only the infection probability but also the movement pattern of individuals in
the area, or in other words the infection probability should reflect the movement pattern of indi-
viduals.

time : 6.60 time : 20.00
@
%G%@@ e ® 3 c8la @9
S % 009%° B % ©0®° %o
8080 Sk 8 88 gok &
ﬂ"o @ @) o® %@ @ ‘o @ fb &® Q_:;@G @
:) *e o
@@ 8 @ @§® @@ @8 @Q@ @% .g
c,o ® @;@@@ g\ @@ &% @ @;@‘%@ ?,
. . 2ICH & & @, @ ®
infectious 0 G @;8 - @%%) S o 0% @
agents ° é%‘@i‘ ® &ﬁ‘?% SK o
2 é%a @@@%%’ 0@ e® & 2 @o@%% 0ge® §
®® P ®0 o %o & oo &%

Fig. 5 The initial condition (left) and the result at 20 o'clock (left). The colored circle indi-
cates the agent who is infected or recovered.

31



The 8th Seminar of JSPS-MOE Core University Prograin on Urban Environmeént, Shanghai Jiao Tong University, P.R. China, 2004

300 ﬂ\‘w\/

o
[0

3

S 200 |

‘-g - S
%5 e |
8 100 F +R
£

-

=

oM

6 9 12 15 18 21
Time
Fig. 6 The changes in number of individuals who is susceptible (S}, infected (l) or recov-
ered (R). The initial number of infected was five in the simulation.

i

CONCLUSIONS AND PERSPECTIVES

In this paper, a prototype of novel model to evaluate microbial health risk was presented. The
model was based on multi agent simulation technique, which simulated the movement of each agent
that represented individual or small group of individuals. The prototype imitated the movement of
individual and transmission of disease to an acceptable degree, and showed the importance of
movement pattern of individuals in the area on transmission raie and scale. '

While the model result is acceptable to some degree, the model requires more development in-
deed especially in the following aspect:

1) increasing the number of agent
2) increasing the type of agent and introducing more complex movement rules

Needless to say, model validation based on epidemiological survey is indispensable.
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LOADING IN FINE WEATHER

Piyaporn SONGPRASERT*, Masashi MORIYA*, Shigeo FUIII*,
Hideaki NAGARE*, Hirotaka IHARA**, Yoshihisa SHIMIZU*

* Research Center for Environmental Quality Control,
Graduate School of Engineering, Kyoto University,
Yumihama 1-2 Otsu, 5200811, Japan

**Department of Soil and Fertilizers, National Agricultural Research
Center, Kannondai 3-1-1 Tsukuba, 305-8666, Japan

ABSTRACT

Factors influencing to gollutant loading in fine weather days were investigated at the Kamo Basin
with an area of 155km” §imultaneous surveys of 39 sites were conducted three times during the
year of 2000-2002 to evaluate horizontal distribution of water quality in the basin. Two-way
ANOVA (ates and sites) was introduced to quantitatively explain the effects of sites on the
variation of each water quality. Forest area was first investigated as the factor meditated with water
pollutant loading due to its largest area coverage (>80%) and positive linear relationship between
loading and its area was obtained in the indices such as DOC, DN and Mg (R>>0.7). The effects of
paddy field and residential areas were analyzed with a multiple linear regression method, and were
quantitatively evaluated in DOC and DN. Population density was also important effect to DN
loading also. Successfully, 0.76 and 3.21 kg/d/km* of DOC and 0.65, 10.51 kg/d/km? of DN were
obtained as pollutant discharge rate from forest area and residential area, respectively, while 2.53
kg/d/km? of DN was availed for paddy field. T hese values could be applicable for evaluation non-
point source loading pollution from land utilization in the basin.

KEYWORDS

Pollutant loading, river basin, fine weather, two-way ANOVA, a multiple linear regression
INTRODUCTION

Pollutant loading is used as atechnicalterm to describe the amounts of pollutants entering water
resources from various point sources and non-point sources (NPS), and it is important to evaluate
water quality contamination quantitatively in receiving waters. To preserve the river water quality,
the source control of pollutant loading must be the effective and fundamental measure. However,
the control is not easy for NPS; because i is difficult to identify sources and to quantify the loading,
comparing with point sources. Therefore quantitative identification of pollutant sources is required
by doing a comprehensive survey and analysis to understand which sources are mainly affecting the
pollutant loading.

Since the Kamo Basin contains areas on commercial industrial, residential and forest area, as well
as agricultural area, potential as various non point sources of pollutant to river body. Hence, the
Kamo Basin with an area of approximately 155 km? was selected as the study area. The objectives
of this study areto extract main influential factors to pollutant loading in fine weather days and to
evaluate their effects quantitatively.



MATERIALS AND METHODS

Study area

The Kamo Basin with an area of approximately 155 km® was
selected as a study area. It is located in north part of Kyoto, Japan,
having the geographical co-ordinates of latitude 350'-35°11' N
and longitude 135°42'9"-135%51'45" E. The Kamo and Takano
rivers are main streams in this basin. Thirty-nine sites are set to
observe water quality distribution, and to estimate the pollutant
loading from small catchments that form the Kamo Basin. These
sites are distributed in the exit location of tributaries to main
streams, as shown in Figure 1.

Figure | Kamo Basin and 39 sites

Database construction

To understand horizontal distribution of water quality in the basin, it is necessary to collect data of
regional properties as distributed information, and to manage them systematically. Then, a database
was constructed in this study. The database contains information on altitude, surface geological
features, land utilization, sewerage system and population density (Kyoto city, 1999 and
Geographical survey institute, 1997 and 1998) in a given unit mesh which is about 100 m square
area with a width of 4.5 seconds in longitude, and a height of 3 seconds in latitude , and the whole
study field has 14,754 meshes. Table 1 summarizes contents of the database; parameters, data
sources, and constructed data,

Table 1 Data source and constructed data

Parameters Data source Constructed data
50m % 50m mesh unit of
Altitude digital data, 1997 Altitude and slope
Kyoto city sewer & drainage
Main drainpipe pipe map, 1999 Flow direction, catchments
Kyoto city sewer & drainage Types (separated , combined,
Sewerage system area pipe map, 1999 without sewerage area)
1/25,000 topographic map, Types (forest, paddy field, and
Land utilization 1998 residential areas)
Population of 49 districts in 31  Population density of each
Population density towns, 1999 mesh

To determine flow direction, land slope s in 8 directions (one mesh surrounded by 8 meshes) were
calculated in each mesh from ratios of altitude differences over distances between meshes. Then,
the following rules are adopted:

I. Inthe mesh containing a river stream, the flow direction follows that of the stream.

2. In the area without sewerage system, the flow direction relies on the steepest slope. _
3. In the arca with scparated and combined sewerage system, the flow direction follows its
drainpipe direction.

Figure 2shows the results of flow direction line estimation in this basin and these lines were used
for identification of boundaries of small catchments in 39 sites. These small catchments, shown in



