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have been evaluated (K; = number of days of
the j-th season) in the period. (February 1973
February 1975) corresponding to the record-
ed data. The corresponding parameters

*ml. . and. *o% .

i i of the normal process

* 1 } o ® 1 _ 1
E { xi']. (k) Kk where xi.j (k) =1In xi.j k),
have been computed. A typical behaviour of
the above defined parameters versus the hour
index i is shown in Fig.3. The daily cycle
of the standard deviation is clearly removed

for the process ‘*xli]. (k) l Kk for all seasons
and all stations.

The correlation structure of the process
has been characterized by evaluating the

autocorrelation functions
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FIG.3. Daily cycle of the seasonal average
(dots) and the standard deviation (circles)
for the SO2 data recorded at Station 10.
Upper side refers to data expressed in pPpPb.
and the lower side to the logarithm of the
data. Left side refers to the summer 1973
armd tha vioht cide tn the winter 1973-74.
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where K;'].(r) = K]. m the case when
j+7<24 ,and where K; ;(¥) = K; ;(@-24) - 1,

1 1

xi+7,j (k) = xi+7-24,j (k+1) ’
1 _ 1 o1 _ 1
Mivg,j = Mi+r-24,] and O, - Jitv-24,

in the case when i + T >24. The lag-one
correlations glijtl) are particularly

significant for describing the effect of the
daily cycle of the physical causes on the
entire correlation structure. In summer there
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are stronger variations of Q; .(1) versus i,

generally within the range 0.5-0.9 (0.7-0.9
for the process of the logarithms), while in
winter the lag-one index hus less pronounced
variations within the higher range 0.7-0.9
(0.7-1 for the logarithms) because of the
"background" in the pollution level due to
domestic heating.

In conclusion, the existence of a daily cy-
cle affecting both the distributions and the
correlation structure of the seasonal hourly
SO3 concentration process cannot be neglected.
Moreover it would seem better to apply to the
process of the logarithms of the concentra-
tions, which exhibits stronger correlations
and no daily variation of the standard devia-
tion. .
Finally, the screening study has been
concluded by analysing the meteorological
records and pointing out their relations to

SO data. Precisely,auto-spectra of concen-
trations, wind speed, temperature and
pressure (Fig.4) as well as the amplitude,
phase and coherence parameters of the
corresponding cross-spectra have been eva-
luated. An objective of such spectral analysis
has been to ascertain the existence of con-
centration cycles to be ascribed to the synop-
tic weather periodicities of 3.5 days. Such
cycles have been pointed out in the contriba-

_tions [13,14] concerning' situations in North

America. However, the existence of the 3.5
days cycles has not been proved for the
Venetian area, probably because of the diffe-
rent meteorology and particularly because of
the reduced influence of wind speed,with
respect to wind. direction,on the pollution
phenomenon. In conclusion, the cross spectral
analysis does not increase significantly the
general information on the phenomenon. Con-
centration series versus meteorological series
show higher level of coherence in correspon-
dence with diurnal and semi-diurnal oscilla-
tion, but there is no definite oscillation of
period greater than one day. However ,almost
all the stations show a certain increase of
coherence, between SO2 and meteorological
data, in correspondence with periods in the
range 2.5-3.5 days. -
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Table 1. Values of g for different autoregressive (AR) and/or moving average (MA) models
during the summer 1973

2
. . 2 2 2 2 2 2 %
Station Variance ax oe g q A a Seasonal
number of the data AR(1) AR(2) | MA (1) MA (2) | ARMA(1,1) model
2 2026 1029 1029 | 1033 - 1029 " 1186
10 2378 1254 1251 - - 1251 ' 1886

Table 3. Values of g of AR(1) and AR(1)CS
using last year parameters and using adaptive
parameters

With respect to the variance of the noise, the
cyclostationary model exhibisa substantial
improvement if compared with the AR(1)

(Table 2). o~ 0,2 2
g %5 | AR(1) Todei AR(1)C§ model

Table 2. Values of ¢2 for the AR(1) and 21 g 83| & @ 3 @

AR(1)CS models in the summer 1974 and TIEE S| S = S 3

winter 1974-75 REETES| = g - &

= o d @ B}

gt g | >8 | = < =S <
g | g @ o 3| = a % | 2| 1231 | 541| 515(13) | 542 | 615(20)
.8 -% 2 ‘é o S oo = E: 10| 1451 | 662 | 695(5) 674 | 750(27)
S| & 2 &5 i o 55016 292 | 143 127(5) 180 | 146(30)
: S g < “ 1291071 | 656 560(13) | 681 | 640(25)
. ww| 212583 | 887 | 920(7) 927 | 1320(10)
2= 2 1231 537 477 210 | 2413 | 650 | 650(5) 664 | 720(23)
ES 10 1451 658 581 L16] 4023 | 915| 775(31) | 908 | 710(40)
a 16 292 133 121 =129 | 5610 |1814 | 1630(25) | 1807 | 1430(40)

29 1071 617 542 ~
s 2 2583 870 779
24 10 2413 650 580

2S5 18 4023 905 792 The performances of the corresponding pre-

- 29 5610 1808 1859 dictors are reported in Table 3, columns 5

= e and 7, where the parentheses denote the

optimal length of the learning period.
Furthermore,the adaptive models can reason-
ably be tested to represent the entire process,
without distinguishing from season to season
(at least for sufficiently short learning
periods) . The forecast performance in this
case has been shown in Fig.5 in correspond-
ence with various lengths of the learning
period. The minima represent the optimal
tradeoff between the need of having a learn-
ing period long enough for a reliable para-
meter estimation and the requirement of
"forgetting" data corresponding to a complete-
ly different meteorological situation.

All the above mentioned predictors have
been applied also to the process of the loga-
rithms, and the forecast data have subse-
quently been antitransformed in order to
obtain the prediction of the variable of
interest. However, in terms of such variables,
the prediction performance is worse, showing
a first clear indication of disadvantages in the
logarithm transformation in analysing and
modelling air quality data. In summary,
the results indicate the general validity both
the followed approach, and the stochastic

models proposed.

The process of the iogarithms of .the hourly
concentrations (which may be regarded as
normal) has been considered. As a matter of
fact, the above models (AR (1) ,ARIMA, season-
al ARIMA and AR(1)CS) have been tested also
on such process and again the AR(1)CS
proved to be the most satisfactory.

3.2 Real time forecast

The parameters of the above models have
been estimated by means of concentration da-
ta in 1973, while the predictors correspond-
ing to such models have been tested in
correspondence with the data in 1974. There
is a certain variation between the two years,
characterized by a rather different meteorolo-
gy. and this explain why the AR (1) predictor
proved to be more efficient than the
AR(1)CS (see Table 3, columns 4 and 6, ,
where the variance of the prediction error is
reported) . In fact, the latter predictor has
many more parameters and therefore "keeps
more memory" of the data used for parameters
estimation. Result suggests the application of
adaptive AR(1) and AR(1)CS models,namely

those characterized by parameters estimated
L Yl mamt merind AFf ogiven lencth.




