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Summary :~The DPP, an index of global pollu-
_tion damage, is defined and a time series of
"such index is derived from Venice SO, concen
tration data. A certain number of DPP stocha
stic models is set up on the basis of this
series and the forecast efficiency of the
corresponding predictors is measured by three
performance indexes. In particular, the im—
provement due to the introduction of meteoro
logical inputs such as wind direction is poin
ted out.

1. INTRODUCTION

In recent years many time series of
pollutant concentrations have been de
scribed by means of stochastic models
such as ARIMA or seasonal ARIMA [1-4]
Such models have been used in order
to supply real time forecast by means
of the techniques recommended in [5].
Predictors have been introduced into
air pollution literature also through
a different approach [6-§. :
Precisely, stochastic models deri-
ved from discretized advection-diffu
sion equations have been considered
and the forecast of the concentrati-
ons in all the cells of the grid ha-
ve been provided by Kalman filter
techniques. The predictors of the lat
ter type exhibit a higher degree of
reliability, though they obviously re
quire a heavier computational effort.
Actually, the comparison in terms of
forecast efficiency is not fully si-
gnificant, since the required infor-
mation, i.e. the predictor input, is
not the same in the two cases. Preci-
sely, in [1-4] no meteorological in-
puts are put into evidence neither
:the exploitation of the available da-
ta is complete. In fact the concentra
tions in the monitoring stations are™
considered as separate time series
(in practice, as independent stocha-
stic processes) and correspondingly
the forecasts are made separately,so’
that all the information supplied by
‘the cross correlations is not taken
into account. An alternative approach

would obviously consist of setting up. -

a multivariate stochastic model and
predictor of the vector of concentra-
tions in all the stations. However mo-
dets of this kind (the multivariate .

’/ﬁRIMAfor example) are generally com-

plex and imply the estimation of a
large amount of parameters.

In a certain number of studies a
description of the polIlution phenome-
non is required which is less detail-
ed than the one supplied by the pre-
viously mentioned stochastic models.
This is the case of the present con- .
tribution, where SO0, pollution over
an urban region (the city of Venice)
is measured by a global index, repre-
senting the average damage on the in-
dividual 1living in the area. Specifi-
cally, such index, called dosege popu
lation product or DPP takes the three

following factors into account: L

i) the pollution level; _
ii) the duration of pollution events;

iii)the number of people exposed to

pollution. -

The precise definition of the index as
well as its evaluation from Venice SO;
concentration and population data is
shown in Section 2. The time series
thus obtained allows to set up a cer .
tain number of daily DPP stochastic
models and predictors (Section 3). Fi
nally, the forecast efficiency in the
various cases is measured by performan=
ce indexes such as the standard pre- -
diction error, the correlation between
predicted and observed data, the stan
dard prediction error during episodes,
so that a comparison between different
models can be drawn. ;
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2. DEFINITION AND EVALUATION OF THE
DPP . v
This paper considers S0, pollution in
the Venice lagoon area,“due to the e-
missions sources, in the industrial
area of Porto Marghera, in the north-
west of the city. The measurement net-
work is shown in Fig. 1. Only the sum-
mer season has been examined, so that
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time series analysis [S] has been per
formed. The process has been conside-
red as stationary, because the varia

ble under consideration was the dai-

ly DPP in summer, so that neither the
daily nor the seasonal cycles, due

to astronomical and emission factors,
had to be taken into account. Moreo-

ver, the emission data did not exhi-

bit a weekly cycle:

rit)

FIG. 2. Sample autocorrelation func-.
' - tion of the DPP process.

First, the distribution of the sta
tionary process has been determined;
according to the Kolmogorov-Smirnov
test, it turned out to be lognormal
at more than 20% significance level.
Furthermore, in view of the form of
the sample autocorrelation function
(see, Fig. 2), the normal process of
DPP logarithms has been assumed to
be autoregressive-moving average (ARMA
ilore precisely, AR(1l), AR(2) and ARMA
(1,1) models have been tested and the
"AR(1) model turned out to be as sa-
tisfactory as the others.The one day
ahead predicted DPP is shown in Fig.3
versus the observed one while the qua
1ity of the forecast has been measu-
red by the three following indexes.

‘a) The standard forecast error
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FIG. 3. One day ahead predicted DPP

b)

c)

The values of S, R and §
correspondence

versus observed DPP (Model I):

S =

E[Dip(k)-nﬁp(k)|2 i
—T53

where DsP(k) is the forécast sup-§
plied by the AR(1) predictor.

The eross correlation between pre-
dicted and observed DPP

I (0PPCK)- %) (DPP(K) =y )

R = =—x
.. 1883gg¢

where (p,o0) and (u,o0) denote the
estimated méan and standard devia .
tion of the DPP and the predicted
DPP, respectively. :

The standard foregast
eptsodes ' :
A - ;
§ [DPP(K)-DPP(K)]% 2
keK
S,= £
e 17

i

error during

where'Ke is the set of the ].7"epi--i
sode days", defined as the days cha
racterized by DPP(k)3 u+g.

obtained in

with the “AR(1l) predic

tor are reported in Table 2 (first TOW)
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. One da& ahead predicted ﬁPP
versus observed DPP (Model
I11)

wind direction, and better results
might have been supplied if reliable
atmospheric stability data had been
available. The relatively low effi-
ciency of the predictors can be main
ly ascribed to the time unit selec-
ted. In fact the day is a rather
long interval if compared with the
dynamics of an extremely variant pol-
lution phenomenon, characterized by
sea-land-lagoon interactions [9].
However, it wouldn't have been reaso
" nable to consider subdaily intervals
when defining a global measure of pol
lution damages on the population sin
ce data on morbidity or hospital re-
coveries are in general available on
a daily basis.
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