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The AirQUIS management system
Application for Singapore

1 Introduction

AirQUIS has been developed by NILU to handle a number of air pollution tasks
and challenges. It is based on a Geographical Information System (GIS). The
main objective of a modern environmental surveillance platform like AirQUIS is
to enable direct data and information transfer and obtain a remote quality control
of the data collection.

The system combine monitoring, data presentation and modelling in one package,
which enable the user not only to present and evaluate the present situation, but
also to undertake environmental planning for a sustainable future. The GIS
platform, on which the system is operated, provides easy access to the data and
gives a perfect and easily understandable data presentation tool.

2 The air quality management concept

NILU has been working with the development of a complete Air Quality
Management System (AQMS) for several years. During the last few years NILU
developed and applied the system in several urban areas in Asia, Africa, The
middle East and Europe.

The first application was in the URBAIR project undertaken by NILU for the
World Bank. The Air Quality Management Strategy (AQMS) system consisted of
two main components, which were assessment and control. In parallel with the
AQMS development, and to facilitate checking the effectiveness of the air
pollution control actions, a third component is necessary, which is surveillance.

The basic concept for an Air Quality Management Strategy contains the following
main components:

Air Quality Assessment

Environmental Damage Assessment

Abatement Options Assessment

Cost Benefit Analysis or Cost Effectiveness Analysis

Abatement Measures

Optimum Control Strategy

The Air Quality Assessment, Environmental Damage Assessment and Abatement
Options Assessment provide input to the Cost Benefit or Cost Effectiveness
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Analysis, which is also based on established Air Quality Objectives (i.e.
guidelines, standards) and Economic Objectives (i.e. reduction of damage costs).
The final result of this analysis is Optimum Control Strategy.

A system for air quality management requires continuing activities on the urban
scale in the following fields:

. Inventorying of air pollution activities and emissions

. Monitoring of air pollution and dispersion parameters

. Calculation of air pollution concentrations, by dispersion models
. Inventorying of population, materials and urban development

. Calculation of the effect of abatement/control measures

. Establishing/improving air pollution regulations.

In order to facilitate a tool and a system for undertaking air quality management in
urban areas NILU developed the AirQUIS system.

3 AIrQUIS functionalities

Obijectives behind the development of AirQUIS were to combine the needed
functionalities related to:

e on-line monitoring data collection and presentation

e assessment of present-day air pollution and its distribution

e  projections of future air quality for various control and abatement options and
scenarios

AirQUIS has been developed into one integrated system which can be operated on
a PC platform. The AirQUIS system contains the following modules:
e  Geographical Information System (GIS)

Automatic Data Acquisition System (ADACYS)

Measurement database (air quality and meteorology)

Statistical and Graphical Presentation Tools

Emission Inventory Database

Emission Model

Wind Field Model

Pollution Dispersion Models

Exposure Models

Abatement module (under development)

Data quality control is performed at different levels in the data collection process;
in field during automatic and manual calibrations and controls, at the central data
collection base, and in the approvals of the final storage database, where statistics
and data graphics are used to check the validity and representativity of the data.
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4 The measurement module; data statistics and presentations

All measured data can be viewed in graphs. The components can be viewed
separately or as different lines in the same graph window. It is possible to add
mean, minimum and maximum values to the graph as well as regression lines.
There are several options for editing the appearance of the graph, for example line
width, colours, markers, axes etc.

The tools for performing statistical calculations include:

e Mean, maximum and minimum values

e Percentiles

e Frequency distributions

o Counting values above or below bounds

e Linear regression

o Average diurnal variations

e Wind roses (for wind speed and wind direction registrations)
o Stability statistics (for measurements of atmospheric stability)
e Wind and stability frequency matrixes

Statistical calculation results may be shown as a table or by different options of
graphical presentations.

5 The emission inventory database

The emission module is a flexible system containing a user friendly map oriented
inter phase to treat the main sources for emission to air such as industry, traffic,
energy (consumption of fossil fuels) and emissions related to other mobile sources
such as airport and harbour activities.

The industry emission module allows the user to select sources related to specific
activities or areas. The time variation of emissions can be entered specific for each
source or for groups of sources. Based on emission factors, emissions can be
calculated from consumption data.

The traffic module is the most complex part of the emission module, includes road
types, vehicle type distribution, traffic time variation and emission factors
dependent on parameters such as vehicle type, traffic speed and road type.

6 Air pollution dispersion module

This module contains a series of dispersion models, integrated within a framework
suitable for calculation of air pollution concentration distribution fields in urban
and metropolitan areas. The framework, as it is built into the AirQUIS platform,
enables calculation of concentrations in any point within the modelling area,
whether representative for the average concentration in each of the grid elements
of the model area (typically 1x1 or 2x2 km?> or whether it is specific, freely
selected points close to specific sources (e.g. stacks, roads), representing "hot-
spots”, areas of high concentrations.
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The set of models include:

Wind field model: the Mathew model

Urban airshed dispersion model: the NILU EPISODE model
Industrial / point source models:

Road and road network dispersion models:

7 Air pollution exposure models

Calculation of the population exposure to air pollution provides the real basis for
assessing an important part of the costs of the damage caused by air pollution, and
further the basis for optimizing the control scenarios based upon cost analysis.

Other parts of the damage of air pollution concerns materials (in buildings and
monuments) and ecosystems. AirQUIS also includes a module for assessing
damage to materials.

In the population exposure module, the population exposure is calculated by
combining the air concentration fields with the population distribution fields.
Various schemes are used for these calculations.

8 Air quality projections and forecast

One main application of the AirQUIS system has been as an effective tool for air
quality abatement strategy. The contribution of air pollution from different source
categories such as traffic, household and industry to the population exposure in an
urban area can be calculated based upon data on emissions, dispersion and
population distribution. Different recommended measures to reduce air pollution
can be evaluated due to population exposure and cost-benefit or cost-efficiency
analyses. A priority list of the selected measures can be developed, taking into
account air pollution exposure, health aspects and related costs.

Air quality forecasts and early warning systems have been developed for the
largest urban areas of Norway. A direct interface between the MM5 weather
prediction model, which estimates wind and turbulence fields, and the numerical
air pollution dispersion models in AirQUIS, has been developed. This allows air
quality forecast to be carried out automatically for the coming 24 and 48 hour
periods.

The system is currently in place for 6 cities in Norway and results from the
forecast are transferred directly to the health authorities for assessment. Based on
this assessment health warnings may be distributed to high risk groups in affected
areas. The forecast are also published by the health authorities on the Internet
pages www.luftkvalitet.info on a daily basis
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9 Information through Web pages

Information produced by the air quality monitoring and management system
should be disseminated to decision makers, stakeholders to support decisions and
to the public in order to increase awareness of air pollution in general.

To simplify the daily on-line information reported to the public an air quality
index (AQI) is often produced. The measured results for the potential harmful
species NO,, CO, SO,, Oz and PMy are included for determination of the AQI.
Further both hourly and daily averages are included to take into account that the
health deterioration may be initiated both of short time exposure to high
concentrations and long time exposure to lower levels. This fact is also reflected
in the Air Quality Standards.

A web-portal may be developed for Singapore showing on-line air quality data as
well as historical air quality data and emissions. Status of air quality compared to
standards and guidelines will be shown. Functionality to include written reports
will also be provided.

The work contains the following activities:

¢ Defining the content of the web-portal
e Adjusting the web portal to Singapore
e Operational and editorial procedures

10 AirQUIS for Singapore?

NEA through ARC Engineering & Services Pte monitors the ambient air quality
through the Telemetric Air Quality Monitoring and Management System. The
system comprises remote air monitoring stations linked to a Central Control
System via dial-up telephone lines, provides an efficient means of obtaining air
quality data.

The monitoring stations monitor both ambient and roadside air quality. The
automatic analysers and equipment at the stations measure the concentrations of
major pollutants such as sulphur dioxide, oxides of nitrogen, carbon monoxide,
ozone, hydrocarbons and respirable suspended particles (PMyp).

A request has been placed in order to exchange some of the elements of the data
retrieval system, the QA/QC system and the databases with AirQUIS/NILU
technology.

The first part of the project, including an evaluation and assessment of the existing
system as well as a study of the QA/QC applications should be undertaken as soon
as possible. This may also include the design of the monitoring system taking into
account the already existing automatic monitors...

Evaluation of additional equipment as well as the preparations for the

development of the database and planning tool AirQUIS will follow after the
initiation of the project. As part of the mobilisation phase NILU will offer a kick-
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off seminar, where all parts of a complete Air Quality Management programme
will be presented.
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AirQULS application Measurement deatabase

@ « Database: Retrieve, organise and
store data

e Quality control

HIM « Data presentation

e Graphics and statistics

\!i;ﬁ/
« Data as input for model calculations
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= Statisiies Measurements - air quality stalisties
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Regression: PMy, v.s
wind speed
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Measurement data presentations

The emissien inventery

The atmospheric emissions inventory
is a compilation of all sources of
air pollution
within an area
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The emission fnventery database o
Emissien inventery Templates

] Stack data
IStack [Stack Gas
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Point Sources Line Sources Area sources TS N BT
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* Emission . Time variation * Source sector A number of Excel based templates for collecting of input data
« Production * Fuel /Raw material
+ Emission factors + Emission factors
* Time variation + Time variation
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AirOl
models

* Emission model

* Wind field model (MATHEW)
* Dispersion model (EPISODE)
* Exposure model

Spatial distribution of
pollutant concentrations

Source contribution
quantification

Effects of suggested measures

Exposure Estimates

Forecasting

T
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GILS applications

Visualize information
— e.g. sources, measurement stations
Show relationships

—sources/stations/concentration
distribution

e Create and update data

e Present results
— Reports/internet
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Emissions

Meteorology

2
Air Quality

Mecel cevelepment

118 roads
125 stacks

(70plant and ind)
«all areas

model test
evaluation

Operational dispersion model
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Air Quality Forecast

1. HIRLAM 50 (Atlantic ocean north of 20 deg)
2. HIRLAM 10 (North Western Europe)
3. MM5 (regional scale 3 km res.)

(inner city, local 1 km res.)

48 h prognoses - 1,25 hours at CRAY T3E

LR

SEEE

Important parameters:
+Topographical and surface features
«net radiation - surface temperatures
«clouds and snow cover

Uses NOAA Satellite data
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DNMI
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Medel applications

e Environment impact assessment

e Surveillance and management

® A.Q. forecasting and early warning
e Optimal abatement strategies

® A.Q. information systems
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