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AIR QUALITY MANAGEMENT: PROPOSAL FOR A COMPUTER
ORIENTED APPROACH

E. Runca, P. Zannetti and P. Melli
IBM Scientific Center
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ABSTRACT

Analysis of the manifold problems facing cxperts involved in
Air Quality Management and of the methodologies developed
in order to solve them, shows that so far an organic defini-
tion of a computer oriented system, able to meet the user's
requirements, has been only partially attempetd. Efforts in
this direction have been restricted up to now to an automa-
tion of the coilection of air quality and meteorological data
and to simple elaborations of these data (averages. pollution
level trends, wind rose, stability categories, etc.). In par-
tdcular the more advanced methodologies already developed
(i.e., sophisticated techniques for Data Base organisation;
advanced languages for data handling: diffusion, statistical,
and decision models, etc.) have not been yet combined to
provide the user with a system for a rational management
of air quality.

The needs of the general user may be concerned with the

investigation of the features of their atmospheric environment
(analysis), decisions on which actions must be undertaken

either in order to minimise damages by temporarily modify-
ing emissions (control), or to optimise future developments
of the area (planning). This paper discusses the possibility

of organising available methodologies in a compact and orga-
nic computer oriented system able to meet the above requi-
rements.

In particular it is shown how a regional authority, running
an air quality network, could use such a system for the
identification of the most relevant aspects of their air quali-
ty problem, for a real-time control of pollution episodes, and
for the definition of the effects derived by significant new
sources. Furthermore, the proposed system allows a flexible
definition of the parameters relevant to the phenomenon in
the area of application.

The above system can be extended to include the other
aspects of the problem, e.g. health and agricultural effects,
thus allowing a more complete air quality management of a
region.

INTRODUCTION

The rapid growth of both urban centers and industrial act-
vities causes dramatic changes in the environmental equili-
brium, thus raising a series of manifold problems whose un-
derstanding and solution are a real challenge to modern so-
ciety. An important aspect of this challenge, which will be
considered in the following, is air pollution.

The difficulty in facing this problem is inherent in identify-
ing a criterion. for a correct evaluation of its gravity as well
as in providir g suitable tools for its correct solution. As to
the first point experts have early realised that a unique
standard for s given pollutant cannot be defined, since a
pollution level resulting not dangerous for human health may
affect seriously other aspects of the environment, such as
artistic patrimony, crops, and climate. The problem of de-
fining these standards is still open and requires the contri-
bution of politicians, physicians, meteorologists, agriculture
experts, and ecologists. In addition, provided that the dama-
ge caused by a certain pollution level be correcuy evaluated,
the solution is still a hard task due to its social and econo-
mic costs. In finding the above solution the cooperation of
industrial authorities, economists, public authorities, plan-

ners, and politicians is indispensable. In practice, the con-
trol of air quality is a problem requiring a wide spectrum

of information in addition to a series of suitable methodolo-
gies for optimising the intervention. Due to the complexity

of the problem, to the variety of its aspects, to its dynamics,
and to the different people involved, it is required that the
above methodologies be combined together into an organic
system permitting the effective management of air quality.

So far the air quality management has been restricted to the
installation of instruments recording meteorological and air
quality data. and to simple elaboration of these data [1-5].
In fact. advanced methodologies already developed (i.e.,
suitable techniques for data base organisation and handling;
statistical and diffusion models; etc.) have not yet been
made accessible ta all the people involved in the air pollu-
tion problem. The present study proposes a possible organi- -
sation of a Computerised Air Quality Management System,
hereafter referred to as CAQMS, combining the techniques of
data management specifically designed for environmental data
with statistic and deterministic codes elaborated for applica-
ton to air pollution. The organisation here proposed is .
foreseen to be implemented in an interactive computer envi-
ronment such as, for example APL/CMS. CAQMS is intended
to be a fundamental help both to people who must take de-
cisions for controiling air quality and to scientists who want
to develop and test methodologies for a better understanding
of the problem.

GOALS OF CAQMS

The current way of approaching the air quality management
is generally based on data collection, studies of transport
and diffusion of pollutants by mathematical models, and sta-
tistical anlysis of measured and simulated data (see for ex-
ample (6,7] ). In the same line as above, some techniques
limited to the control of large industrial sources (see for ex-
ample (8,9] ) have been developed, including criteria for an
emission reduction strategy. All these studies are carried
out by using computer facilities, but they have not yet been
framed in an organic software structure allowing the users
to apply the above techniques according to their particular
needs. This goal could be achieved provided that CAQMS
were both totally computerised and designed in an inter-
active environment such as the one provided by APL/CMS.

The performances required to CAQMS derive from the needs
of its general user, who may be concerned with the inves-
tigation of the features of his atmospheric environment
(analysis) , decisions on which action must be undertaken
either in order.to minimise damages by temporarily modify-
ing emissions tcontrol), or to optimise future developments
of the area (planning). In addition, CAQMS must include
suitable techniques for the data management, as shown in
Fig.l, where the general structure of CAQMS and its gene-
ral utilization is preserted.

From a preliminary analysis concerning the different aspects
of the problem, a decision follows on the information which
must be gathered to provide the input for the air quality
management. Once the data have been reduced to a form
accessible by the computer, the different performances of
CAQMS can be exploited. Results can be displayed on the
user's terminal (on-line), on different devices (off-line), or,
when representing essential acquired knowledge to be used
in further investigations, they can be included in the Data
Base (resident). The location of CAQMS in Fig.l is the most
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Fig.l - Schematic representation of CAQMS structure and
usage.

.

common one; however CAQMS can be applied also during the

preliminary analysis, provided that suitable data are avail-
able.

In particular, the installation of a network of recording in-
struments, which is the result of the preliminary analysis,

can be done by following two different lines. A simple ap-
proach is based on a qualitative identification of the monitor-

ing locations by estimating the most damaged area. On the
contrary, the use of CAQMS, indicated in parentheses in
Fig.1, can provide, by means of different models, a more
detailed evaluation of the concentration field in the area and
identify both the most frequently and the most seriously
polluted areas. In addition, the use of suitable techniques
available in the literature {10,11] provides an optimisation
of both number and location of monitoring stations. In a
similar way, CAQMS can provide a management of the
emission inventory by means of suitable techniques [12].
Finally, the structure of CAQMS must be such that any user
can integrate it by adding techniques designed for special
application, not originally included in the system.

In conclusion, an effective use of CAQMS requires that it be
interactive (in the sense that the user can not only access
data and techniques but also exert direct action on every
stage of the computation), flexible (in that it can be applied
to a large variety of problems related to air pollution and
that it can be utilised by users having different back-
grounds and needs), and extensible (since the users can
integrate it in case of necessity) .

STRUCTURE OF CAQMS

As already shown in Fig.1l, CAQMS is composed of two
blocks: the Data Management Block (DMB) and the Appli-
cation Functions Block (AFB). The first one is designed on
the basis of a relational data base organisation. The second
one consists of a series of subprograms, hereafter called
functions according to the APL terminology, which can be
executed by the user with the aim of performing the activ-
ities of analysis, control, and planning. These functions,

which are either provided by the system or included in it
by the user, can be used individually or can be linked to-
gether according to the user's needs. In addition, the Ap-
plication Functions Block includes a set of functions de-

scribing, on the user's request, how to operate the system

Data Management Block (DMB)

On the basis of the variety of possibic CAQMS users and o
its applications above outlined, DMB :iust be such that an
user having no specific background i: data eleborations ca
handle his data base without being ot-iged to learn comple.
languages and data base access metho'is. In addition, DMB
must allow not preplanned transactions and the use of stan
dard pre-existing programs. The above requirements can t
met by using MIDA (Multipurpose Interactive Data Access).
which has been developed as a joint project by the IBM
Scientific Centers of Pisa and Venice [13,14)

As can be seen in Fig.2, MIDA consists essentially of XR!
which is a relational access method developed at IBM Cam-
bridge Scientific Center [15], XL [13] which is a high lev.
query language, and an interpreter of MIDA command lan-
guage. The host operating system is VM/CMS whose com-

mands can be executed by MIDA. CMS is the Conversation:
Monitoring System, i.e., an interactive Operating System

-running in the virtual machine environment provided by

VM/370 [16] . By means of MIDA the user can organise the
file of collected data in a relational data base, from which
he can select data according to his needs. He can also per
form simple computations (e.g., averages. standard devi-
ations, etc.) on the data extracted and finally he can trans
fer subsets of data, formatted on user's specifications, to
any computer storage device and, in particular, to Applica
tion Functions Block (AFB).

Application Functions Block (AFB)

As already pointed out, this block consists of a set of fun-
ctions enabling the user to perform analysis, control, and
planning of air quality. : )

Analysis The scope of analysis is the evaluation of air qu:
lity characteristics as a function of local meteorology, geo-
graphy, and source distribution as well as the identificatio
of the models providing the best description (fitting) of the
phenomenon. To this purpose AFB must include: a set of

functions for graphical display of measured and simulated

data, univariate functions for basic statistical computations
(e.g., averages, variances, histograms, distribution analy-
sis, auto-spectral analysis, etc.) and for fitting techniques
with ARIMA and/or cyclo-stationary (CS) models [17,18] ,
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Fig.2 - Schematic representation of MIDA structure.
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Fig.3 - General use of CAQMS for analysis of an air pol-
lution problem. )

bivariate functions similar to the previous ones, but operat-
ing on two different series of data (e.g. concentration and
meteorological data) (17,19] ., and multivariate functions
operating on different series of data (e.g.., concentration,
meteorology and emissions). The last ones should include
diffusion models (20,21] , planetary boundary layer models
[22] . and statistical multivariate analysis (23,24] .

A possible utilisation of CAQMS in analysing the air pollu-
tion problem is shown in Fig.3, in which both the statistical
and the deterministic approach are illustrated. Furthermore
statistical and deterministic approaches can be combined to-
gether to improve the simulation of the phenomenon. Sub-
stantially, the analysis should lead the user to understand
the basic characteristics of the problem and to identify the
most suitable modelling techniques and related parameters to
be used in control and planning activities.

Control CAQMS provides a series of functions allowing a
real time control of air pollution episodes . This activity re-
quires a serics of steps, the first of which consists of air
quality. and, if necessary, meteorological prediction, to be
carried out b using the models considered in the analysis
stage. In parricular, since real-time prediction is needed,
the fastest teciiniques provided (semi-empirical deterministic
models and/or statistical algorithms) by CAQMS should be
preferred. The predicted concentration field makes it possi-
ble to evaluate by suitable functions the damages produced
with respect to different parameters, i.e., public health,
agriculture, artistic patrimony, etc.. Every tme the short-
term forecast damages exceed the prefixed standards, CAQMS
functions must provide an emission reduction strategy, which
both minimises the total cost of intervention and assures,
within a certain level of confidence. that standards are not
exceeded. It must be pointed out that, if deterministic mo-
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dels are used in the predictive step, the evaluation of the
contribution of each source to pollution level is straightfor-
ward, while use of statistical models requires that the evalu-
ation of the above contributions, classified according to dif-
ferent meteorological situations, be made in advance in the
analysis stage. The logic of the control activity is shown in
Fig.4. Applications of optimisation techniques to air quality
control problems have been already developed by several
authors (25,26] .

Planning The planning activity concerns those situations in
which a permanent modification of source distribution and
emission rates must be optimised. This activity must be per-
formed not only in case of preplanned development of an
industrial and/or urban area, but also when the real-time
control of pollution episodes becomes too expensive or when
the long term average concentration needs to be reduced.
The models used in this planning step are the same used in
analysis and control, except that they work in conjunction
with optimisation techniques slightly different from those
used in control (27-31] . In practice, there is a noticeable
similarity between control and planning activities. In the
present study, however, they have been considered separ-
ately since planning, unlike control, does not require pre-
diction of meteorological conditions, while it needs detailed
information on the territory (e.g.. land use and social and
economical aspects related to the development of the area).
In addition, when planning is oriented to a development of
a urban and/or industrial area, sophisticated techniques,
such as K-models and planetary boundary layer models,may
be required in order to get an evaluation as accurate as
possible of the contribution of new sources to the pre-exist-
ing pollution level.

PRESENT STATE OF WORK

On the basis of the above stated concepts, some techniques,
which can already be included in CAQMS, have been dev-

eloped at Venice [BM Scientific Center. This is the case of .
MIDA, which has been mentioned in the paragraph dealing
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Fig.4 - Control of air pollution episodes by using CAQMS.
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Fig.5 - Venetian Area and its air quality networks.

with DMB. As to AFB, some techniques briefly described in
the follpm‘ng have been developed with the purpose of test-
ing their appl;‘cability 0 a real air pollution problem. Some

while the implementation of optimisation techniques, to be
used in planning and control, has not yet been undertaken.

An example of application of the available material to the
task of identifying some aspects of a real air pollution pro-

blem is reported in the following . It refers to Venice area
(shown in Fig.5), where a consigtent data set is available

pollution levels at a given station (Fig.7), and, finally, can
simulate the long term S03 averages in the area (Fig.8).
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Fig.6 - Autocorrelation function of logarithms of hourly ave-
rage SOz concentration measured at Station 29 (ISS) in Sum-
mer 1874.
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ton in winter 1974-75. Prediction is achieved by multiple
regression between SO2 and meteorological parameters.

The results in Fig.7 are obtained as follows:

- MIDA selects (13,14] from the data set the series of S
data to be elaborated, by using the command:

find (year,month, day, hour, minute, ppb) /exdata fror
(year,month, day, hour , minute »Ppb, station) /SO-
where ST/S03='29' § year/S02='74' § (month/
502>='06' § month/SO7<='08")

- The data selected are transferred to a file accessible t
APL by the command:

scan exdata newfile data

-~ The above time series is analysed by the function
'MISSING' which intrepolates the missing values, then
the interpolated series is processed by the function

'AUTOCOR', whose results are displayed by 'PLOT' as
shown in Fig.6.

In 2 similar way, by using a suitable series of functions,
Is possible to get the results shown in fig.7 [24] , while
the results in Fig.8 [20] show the capability of a climatolo-
gical Gaussian diffusion model to simulate long term averag
SO2 concentration in the Venetian area.
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Fig.8 - Simulation of yearly (1974) average SO2 concentra-
tion by using a multiple-source climatological Gaussian mo-

del.



CONCLUSIONS

The gravity and the complexity of the air pollution problem
make it urgent to develop a practical tool for its management.
A possible attempt to answer this demand has been developed
in the present study by outlining the characteristics and the
structure of a Computerised Air Quality Management System
(CAQMS). It has de2n shown that CAQMS must be totally
cormputerised anc interactive in order to make accessi‘alé the
necessary techniques to the different people. ranging from
technicians to peliticians, involved in the managsment of air
quality. A possibie way of f{ulfilling the above requirement
is to develop the system in APL,/CMS environment and to
organise CAQMS in two main sections: the Data Management
Block (DMB) and the Application Functicns Block (AFB). As
to the first one, a great flexibility in handling large data
base. as those encountered in snvironmental problems, is
allowed by the use of relational data base organisadon. for
which software tools (e.g..MIDA: Multipurpose Interactive
Data Access) are already available. An outline has also been
given, on the basis. of the techniques available in the lite-
rature, of the concepts to be followed in the design of AFB,
enabling the user to perform the activities cf analysis, con-
trol, and planning. The user must also be given the possi-
bility of integrating AFB by new functions, solving his par-
ticular problems, not originally included in CAQMS.

Finally, in some practical examples both the applicability
and the reliability of some of the proposed techniques have
been shown. As a final statement, the authors want to point
out that the implementation of CAQMS would be not only a
great help to people facing the protlem of air pollution, but
also a step toward a global treatment of environmental pro-
blems, in that it represents a part of a more gencral ecolo-
gical system.
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