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Abstract

U-Eco City (Ubiquitous-Ecological City) projects are being promoted by the Korean government. U-
Eco City projects are national project not only researching method of managing environmental information
through ubiquitous sensing technology but also actually implementing of construction in real site.  In U-Eco
City projects, environmental information will be collected by a ubiquitous sensor network in real time, and in
turn provided to citizens anywhere, anytime, and by any connected devices. Among environmental
information provided by U-Eco City, carrying capacity is an essential element for various urban activities.

Under these circumstances, the purpose of this study is to establish the carrying capacity assessment
framework. The process of this study consists of the followings. 1) Air quality is selected as criteria to
enhance quality of urban environment.  2) Air quality level for maintaining sustainable urban environment was
defined in air pollution materials which are measured from U-Eco City. 3) Human activity and the green areas
which effect to air quality were included in the carrying capacity assessment framework through analyzing
relationship. 4) Planning methods for the urban management and planning are developed based on carrying
capacity assessment framework.

If the carrying capacity assessment framework is applied to U-Eco City, the norm can be made to manage

urban planning and design and contribute to quality of life.
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1. Introduction

In Korea, effort to introduce ubiquitous technologies to urban space is currently underway. In fact, the
Whiquitous City Construction Act[vas established in March of year 2008. This act has detailed contents that
include ubiquitous planning, implementation of urban construction projects, information security and standards
for ubiquitous city technology, and a ubiquitous city committee. In addition to the U-Eco City (Ubiquitous-
Ecological City) research and development project, which is new type of urban model, emerging concepts of the
ubiquitous city and ecological city have already been pursued by the Korean government.

The purpose of the U-Eco City project is to develop techniques to measure and manage various types of
environmental information to adapt to real cities. In aU-Eco City, environmental information will be collected
by a ubiquitous sensor network in real time, and in turn provided to citizens anywhere, anytime, and by any
connected devices. Among environmental information provided by a U-Eco City, carrying capacity is an
essential element for various urban activities.  If environmental information can be measured and managed in
real time, it will undoubtedly have an impact on urban planning and management. Many of the existing
problems including lack of environmental information, absence of accumulated data can and will be resolved
through this project.

Urban management using carrying capacity refers to the management of pollution under the level that
urban space can sustain. Measuring and monitoring using ubiquitous technologies can help calculate and
assess carrying capacity in real time.  This will be utilized as the conclusive decision indices. Subsequently,
the aim of this study is on the development of the carrying capacity assessment framework using ubiquitous
technology focusing on air quality.

2. Literature Review

2.1. Carrying capacity

The concept of environmental capacity has been studied and applied in the fields of ecology, tourism,
urban planning, and environmental planning since 1930s. In terms of urban planning, carrying capacity is the
determined ability of the natural and artificial environment to support the demands of various uses (Godschalk
and Parker, 1975). In addition, carrying capacity is defined as the ability of natural and man-made systems to
absorb population growth or physical development without serious decline or damage (Schneider et al., 1978).
As social science concept, carrying capacity is defined as the economic scale that the natural system of an area
can sustain (Lee, 1999). Furthermore, the urban carrying capacity concept is defined as the level of human
activities that can be sustained by the environment without causing degradation or irreversible damage (Oh et al.,
2005).

These concepts of carrying capacity is based on the assumption (Kozlowski, 1990) that there are certain
environmental thresholds that when exceeded can cause serious and irreversible damage to the natura
environment. These approaches concerning carrying capacity can be useful when the thresholds are identified
ahead of time. The determination of the capacity of urban space is straightforward when managing such
human activities as population, traffic, and land-use.



2.2. Ubiquitous technologies in urban spaces

[Whiquitouslds a Latin word referring to the information or communication environment in which freely
connected computer networks exist like water or air without others sensing them. Thisterm initially appeared
in the phrase [biquitous computingCused by Mark Weiser of Xerox laboratories in 1988 (Weiser, 1991; Weiser,
1994). In Korea, [Wbiquitouslis used in various field such as medicine, education, residential planning,
commercial advertising, logistics, etc. Thus, [W-City[was coined by combining the words [WbiquitousCand
[dity,[Jand is popularly used in the urban field. Moreover, many supportive strategies are being implemented
through legidation and research with the definition of a U-City as the combination of advanced information
technologies and services. As aresearch project, the U-Eco City, which is a combination of an ecological city
that applies ubiquitous technology, is being studied to someday make this concept a reality. This research
project consists of 4 major parts; the technology to embody the U-City infrastructure; the construction of U-
space; the building of the U-based Eco Space; and the U-Eco city Test Bed where the technologies are applied.
Among them, the technology to build U-based Eco Space works as the main part by gathering environmental
information, conducting assessments of carrying capacity, establishing environmental plans, etc.

In a U-Eco City, a more precise environmental monitoring system can be built by using ubiquitous
sensors (U-sensor) and mobile information collectors that measure in real time. Moreover, it is possible to
manage environmental problems promptly and effectively through the control center that takes charge of
measuring the environmental information and management of the city. In short, the real time calculation of
carrying capacity and urban management, which are currently impossible due to a lack of environmental

information, will be realized in a U-Eco City.

3. Establishing the Carrying Capacity Assessment Framework

3.1. Carrying capacity and itsindicators

The required data for assessing carrying capacity are selected asin Table 1.  All data were not measured
through U-sensors.  Instead they are classified as follows; one is from the U-sensors that heed to be measured

in real time, and the other is derived from field surveys and satellite images.

Table 1. Monitoring items

L Applications in carrying capacity
Monitoring items ent process Methods or Tools
Land-use, development | Classification of land-use, measurement . _—
Dggﬁd?ﬁg?gt density, population, of development density and traffic %)gtstl ?rgafotlitlstaI[t(;S
traffic volume volume at block scale 4
PM 4, PM5s, NO,, CO,, | Being compared with the environmental )
Atmosphere | ~ O, TVOC, S0, O, | standard U-sensor
di?gclzgro;]advlv?tr:gr\]/’e\ll\gg? Being formed as a cell unit style and
Microclimate . Y: | overlaid to be applied to assess the U-sensor
atmospheric pressure, thermal comfort
temperature, humidity
. Having influence on absorption ability, o
. Vegetation map, NDVI, | . . : Satellite images,
Vegetation bio-top, absorption ability Lgéprr]g\igg thermal comiort, and reducing field survey, etc.
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! : : .| The information of the soil composition
Sail Soil quagé)i/l, so|1|l, CO,in and characteristics are investigated and U-sensor
P this can improve the thermal comfort
; . The level of noise (dB) is compared with
Noise Noise (dB) local standards U-sensor

Assessing the carrying capacity, thermal comfort, and the influence area of noise can be derived through
the items above.

3.2. Cdlculating carrying capacity

In this study, the carrying capacity assessment framework of air quality was built. The assessment of

carrying capacity in urban air quality can be conducted rendering a relationship between air pollutant emissions
from human activities and absorption of air pollutants by vegetation as shown in Figure 1.

Concentration fromHuman Activities (Absorptionby Vegetation, Diffusionby Wind)

[ Present Air Pollutant ]_[ Air Pollutant Emissions ] [ Air Pollutant Reduction Factor ]

Absarption of atmosphere
Discharged atmosphere pollutlon material by urban activities pellution material b! greens

Industrial hest |ng heating Home _.--"' o+
c heating o "
Vehlcles o L

Figure 1. Emission and absor ption of atmospheric pollutants

Pollutant emissions by human activities are measured using U-Eco sensor, and the absorption ability of air
pollutants can be monitored by biomass data using LiDAR and satellite images. The seasonal data of satellite
images and LiDAR data can be used because they are limited in measuring in real time.  There is some leeway
inincreasing human activity if the air pollutants are under the threshold.  On the contrary, it can be said that the
carrying capacity is exceeded if the concentration of air pollutants is over the threshold or the standard of
atmospheric pollutant concentration.  In that case, systematic management is needed to lower the concentration
of the air pollution.

The carrying capacity assessment process consists of five steps.  First, emission volume has to be
calculated in order to identify the current emission conditions. Population, building density, land-use, traffic,
registered vehicles, and industrial plants can be employed as factors to calculate carrying capacity. On the
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other hand, ecological spacesin urban areas have the ability to reduce air pollution. Therefore, calculating the
reduction ability of ecological spaces with the consideration of season, kind of tree, status of trees is needed.
Environmental conditions can be used as the monitoring state that includes human activities and the self-
purification ability of ecological spaces together. Second, pollutant concentration is being monitored by U-
sensors installed at environmentally sensitive places where the human activities are centralized like air pollutant
deflation facilities, habitual traffic congestion areas, etc. The air pollutant concentration which is measured by
U-sensors means the result of emission and absorption of atmospheric pollutants. Third, carrying capacity is
being calculated based on measuring air quality datain real time. The thresholds used in carrying capacity are
minimum standards of environmental quality. The standard of current acts, regulations, or concerned plans is
applied with appropriate modifications to the threshold in this study. If none of the standards exist, an
international standard is used as the threshold.  Fourth, the carrying capacity is being monitored in real time to
check if the human activities are under or above the environmental threshold. Fifth, the decision-making
process in urban planning is supported based on the monitored data. If the carrying capacity is under the
environmental threshold, human activities can be sustained. However, if the carrying capacity is at or over the
environmental threshold, human activities will need to be controlled (the restriction of traffic volume or energy
use) or ecological spaces will need to be created (afforesting or improving vegetation). In other words, the
suggestion of solutions and the simulation of each solution are possible when the carrying capacity is exceeded.

That process can lead decision makers to select proper solutions for each situation, and suggest the
development density, location, land-use, scale, and the quantity and level of various human activities as a
guideline to maintain appropriate levels of carrying capacity when there is a development project.

Levels of urban development

=« (Density, location, land-uses, scale, ete.)p=)
Emission l <::> Absorption
N—
Human activities in Absorption capability
urban areas of ecological areas
Feedback
Concentration of air pollutants ]
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Environmental > development
thresholds OEstablishing
ecological spaces
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4. Prototype of Carrying Capacity Assessment
4.1. Outline of the carrying capacity assessment system

The prototype of the carrying capacity assessment system was established based on the assessment
indicators and the method to calculate carrying capacity. This system can be used to offer environmental
information to citizens, and to assist planners when they plan and design cities or engage in urban devel opment
projects. The 3D geographical information can be explored by applying 3D GIS, and the modeling of
environmental carrying capacity, thermal comfort, and noise level, which are derived from the real time data
collected by the U-sensors offered in this system. Moreover, the expected environmental carrying capacity,
thermal comfort, and noise impact area of development projects can be derived from the scenario module.

Figure 2. Sudy area

Gwacheon was selected as the case study area of the carrying capacity system (Figure 2). Gwacheonisa
small city that is located south of Seoul and has a population of about 60,000. Comprehensive assessment is
possible because of the mountains surrounding Gwacheon. Moreover, most parts of Gwacheon are in the
greenbelt, so environmental and ecological management will be very important if the greenbelt is released.

4.2. Assessment process using the carrying capacity assessment system

The prototype of carrying capacity assessment system has 3 main functions: monitoring, modeling, and
scenario analysis.  First, monitoring is done to input the data to assess the carrying capacity. The dataused in



