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Abstract: Air pollution has long been a major environmental concern in many countries.
The major sources of air pollution are vehicles exhausts, open burning and emission from
industrial stacks and power generation stations as well as forest fires. Air pollution poses
hazards to human health, poisons rivers and lakes, damages trees and kills wildlife.
Major pollutants are carbon monoxide, sulphur dioxide, nitrogen oxides and particulate
matters. Forest fire is a large scale, unenclosed and freely spreading natural combustion
process that consumes various ages, sizes and types of vegetative matter of the forest.
When it rages out of control, it produces tons of polluiants which then trapped in our
atmosphere and the forming of smog to lower the visibility over the cities such as the case
of the Indonesian forest fire effects on our country. Hence, the ability to simulate air
pollution scenarios that may arise from various sources is urgently needed in order fo
provide a means for mitigation and protection. This paper will present the application of
a suite of air pollution models known as ISC-AERMOD View, which is developed by
Lakes Environmental Software in collaboration with the United States Environmental
Protection Agency (USEPA). This package combines three of the most versatile air
dispersion models available, namely The Industrial Source Complex — Short Term
regulatory air dispersion model (ISCST3), "AERMOD" and The Industrial Source

Complex — Plume Rise Model Enhancements (ISC-PRIME). Some preliminary results
will be discussed.
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1. INTRODUCTION

Forest fire 1s a part of the earth's natural process of renewal. However, in the
process of such renewal, it also become one of the sources for the production of
various gaseous and particulates into the atmosphere. It is a type of biomass
burning which includes the combustion of living and dead materials in the forest.
It is a large-scale, unenclosed and freely spreading natural combustion process
which consumes various ages, sizes and types of vegetative matter of the forest.

The cause of a forest fire can be natural (e.g. lightening strike, volcanic
eruption), accidental (e.g. cigarette stubs, campfire left unattended) or intentional
(e.g. prescribed burning, deforestation for agricultural or industrial purposes).
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Unfortunately, recent estimates indicate that most of this fire is human-initiated
(Levine, 1994).

The size and intensity of forest fires depend directly to variables such as
meteorofogicai conditions (season, wind conditions), fuel (the species of
vegetation involved and their moisture content) and the topography of the area.
The complete combustion of a wildfire requires a heat flux (temperature
gradient), adequate oxygen supply and sufficient burning time. When an ideal
buming condition is not achieved (especially during the smoldering phase of the
buming stage), chemicals such as carbon monoxide (CO), methane (CH,),
nonmethane hydrocarbons (NMHCs), nitrogen oxides (NO,) and others will be
produced and therefore cause an impact on the atmospheric condition.

The purpose of this paper is to predict and analyze the changes in
ambient air quality arising from forest fire by using air dispersion modeling. The
estimation of some of the input parameters such as the emission rate will also be

discussed. Although many air quality models are available, ISC-AERMOD View
wiil be used in this paper.

2, METHODOLOGY

ISC-AERMOD View was developed by the Lakes Environmental Software and
since then its superiority recognized by consultants and academics. It has been
selected as the tool of choice for use of air dispersion modeling across all of 39
regions in China. It was also announced that the UK Meteorological Office
would be teaming up with Lakes to provide software, services, meteorological
data, and training using 1ISC-AERMOD View.

ISC-AERMOD View is a complete and powerful Windows air dispersion
modeling system which seamlessly incorporates three popular USEPA models
inte one interface: ISCST3, AERMOD and ISC PRIME.

(1)  The Industrial Source Complex — Short-term. regulatory air dispersion
model (ISCST3) is a Gaussian plume model and is widely used to assess

pollution concentration and/or deposition flux on receptors from a wide
variety of sources.

(i)  AERMOD is the next generation air dispersion model which incorporates
planetary boundary layer concepts.



Journal of Engineering Science, Vol. 1, 81-96, 2005 83

(1)  The Industrial Source Complex — Plume Rise Model Enhancements
(ISC-PRIME) dispersion model is similar to the ISCST3 model but
contains enhanced building downwash analysis.

Since this paper won't involve any building downwash, ISC-PRIME
won't be used in our simulation. Both ISCST3 and AERMOD models are based
on the Gaussian Plume Model. For a steady-state Gaussian plume, the hourly
concentration at downwind distance x (m) and crosswind distance y (m) is given
by (USEPA, 1995b):
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where:

o pollutant emission rate (mass per unit time)

K a scaling coefficient to convert calculated concentrations to
desired units (defau't value of 1 x 10° for Q in gs* and
concentration in pgm™)

V' = vertical term

D = decay term

6,,0, = standard deviation of lateral and vertical concentration
distribution (m)
u, = mean wind speed (ms ') at release height

Eq. (1) is a basic formula of the model for point sources, examples of
which are chimney and smokestacks in ISCST3 model. In the case of the
AERMOD model, it contains new or improved algorithms for dispersion in both
the convective and stable boundary layers; plume rise, buoyancy and penetration
into elevated inversions; treatment of elevated, near-surface and surface level
sources; computing vertical profiles of wind, turbulence and temperature and
treaiment of reccptors on all terrain. However, its algorithms remain almost the
same as Eq. (1).

The area source model is based on a numerical integration over the area
in the downwind and crosswind directions of the Gaussian point source plume
formula given in Eq. (1). Individual rectangle area sources may be represented as
rectangles with aspect ratios (length/width) not exceeding 10. The rectangle may
also be rotated relative to a north-south and east-west orientation. Using the
polygon-area source or the circular area source can simulate irregularly shaped
area.
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The ground-level concentration at a receptor located downwind of the

source area is given by a double integral in the downwind (x) and crosswind (y)
directions as follows:

¥
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where:

4, = area source emission rate (mass per unit area per unit time, gs 'm>)
units scaling coefficient [Eq. (1)]

= vertical term

= decay term as a function of x
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The ISC-AERMOD View model user's guide (Thé et al., 2002) may be
consulied for additional information cn how to use the model. Even though the
ISC-AERMOD View is very flexible, there are limitations and uncertainties
because of some assumptions and constraints in its calculations.

3. CONCEPTUAL CASE STUDY

This section will present somie simple preliminary applications of ISC-AERMOD
View by using the area source approach in a hypothetical forest fire. The
estimation of source parameters will be discussed in this section. The
concentrations of CO and NO, will be estimated for averaging period of 1 hour.

31 Input Parameters

As mentioned in the introduction section, there are many factors that contribute
to the amount of emissions of a forest fire. Therefore, researchers have developed
a mathematical formula to estimate the emission of a forest fire. Eq. (3) shows
the formula stated in USEPA guideline for air pollutart factors (USEPA, 1995).

E,'"——P,'*L*A (3)

P; = yield for pollutant "i", aka emission ratio (mass of pollutant/unit
mass of forest fuel consumed)

L = fuel loading consumed (mass of forest-fuel/unit land area burned)

A = land area burned






