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STATISTICAL PREDICTION MODEL OF THE
OUTDOOR/INDOOR AIR POLLUTANT TRANSFER

V. Iordache, C. Ghiaus, P. Blondeau, F. Allard

LEPTAB (Laboratoire d’Etude des Phénoménes de Transfert Appliqués au
Batiment) — Université de La Rochelle, France

ABSTRACT

Efficient control of ventilation systems needs information on indoor air pollutant concentration. But
most of the time, the pollutant concentration is not measured. However, outdoor air pollution forecast
models are becoming operational and a relation between outdoor and indoor pollutant concentration
may be used to predict pollutant concentration peaks and to infer recommendations to reduce its value.
A prediction model of the outdoor/indoor air pollutant transfer, based on experimental data, was
obtained using multiple linear regression. The measurements were achieved in a primary school
classroom in the coastal region of La Rochelle, France. The measured parameters are the outdoor and
indoor concentrations, the indoor temperature and humidity, window openings, number of photocopies
and the number of pupils in the classroom. Models for NO, NO; and O3 outdoor/indoor relation are
achieved and tested.

KEYWORDS

Statistical model, Pollutant concentration, Indoor air, Outdoor/Indoor transfer

INTRODUCTION

Most of the ventilation standards consider the outdoor air as clean air, even if it has already been
proved that it contains numerous pollutants: O3, NO, NO;, SO, particles, Pb and others. Studies have
proved that people spend almost 90% of their time indoors, therefore the great interest in knowing the
concentration of indoor air pollutants. Three major factors influence the indoor air pollutant
concentration: 1) wall covering materials (Tiffonnet 2000), 2) indoor activities and occupation, 3) and
the outdoor/indoor pollutant transfer. Hereafter we analyze the suitability of the statistical modeling in
the evaluation of the third major factor (outdoor/indoor pollutant transfer) and the prediction of the
dynamic variation of the indoor pollutant concentration. This model may be used in conjunction with a
pollutant concentration forecast (Ghiaus and Allard, 1999) in order to predict the level of indoor air
pollutant concentration. Two methods, physical and statistical modeling, are employed to predict the
outdoor/indoor air concentration relation. Physical modeling is based on the transport equations of the
pollutant into the room (Shair et al. 1974, Blondeau, 1996, Sohn et al. 1998). Statistical modeling
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derives a mapping between the output and input parameters based on experimental data rather than on
physical phenomena, Multiple linear regression models were already used to determine the importance
on indoor air pollutant concentration of indoor characteristics: chalkboard, fabrics materials, open
shelves, climatic conditions, dwelling characteristics (Smedje et al. 1999, Bartlett et al. 1999).

EXPERIMENTAL STUDY

Children are the most sensible to pollution; consequently, most of the studies are oriented towards the
protection of the children. Our measurements were achieved in a classroom of a primary school in La
Rochelle, France, between 28 April 1999 and 13 May 1999. The dimensions of the classroom are: 5m
X 4m x 3m and the measurement point is in the middle of the classroom, between the window and the
door, at 0.4m below the ceiling. The copying machine is placed in an adjacent room, and not expected
to have substantial influence upon the classroom Qs concentration (Figure 1).

OUTDOOR
Windows h " Xerox D
1] ] D I:I ] ~ Room Room
L1 L] L - D
__INDOOR — O Measurement
Hall Measurement I:] devices
L1 L LJ -—point o
100000
— — — Door
Hall
Hall

Figure 1: Classroom measurement devices location.

Outdoor and indoor NO, NO; and Oj; concentrations, and indoor air temperature and humidity were
sampled every 15 minutes for two weeks. The window opening duration, the number of pupils in the
classroom and the number of photocopies were also recorded. The indoor air NO concentration
oscillated between 1 and 2 pg/m®, so we could not infer any conclusion regarding the indoor/outdoor
pollutant concentration relation.
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Figure 2: Variations of the outdoor and indoor NO, concentrations, number of pupils
and photocopies.
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By the contrary, the outdoor and indoor NO, and Os concentrations (Figure 2) permitted to notice the
existence of a time lag between the outdoor and indoor air concentration: on 3 May, 1999, to outdoor
NO; concentration drop at 17:00H corresponds the indoor NO, drop at 17:30H. During window
openings, the indoor NO, concentration approaches the outdoor concentration (10:00-15:00H on
3/5/99, 10:00-15:00H on 4/5/99, dashed areas in Figure 2). The NO, outdoor concentration peaks
shorter than 30 minutes do not influence the indoor concentration (19:15H on 3/5/99, 00:30H on
4/5/99).

BASIC MODEL CONSTRUCTION

Previous studies based on physical laws (Shair, 1974; Iordache, 1999) resulted in linear models of the
indoor air pollutant concentration as a function of the outdoor one. Consequently, a multiple linear
regression model was used to determine the indoor-outdoor relation: the present indoor air
concentration C,-’(yg/mj), as a function of the input data: the previous indoor air pollutant
concentrations C;”° (ug/m’), present and previous outdoor air concentrations C,”, C,™“ (ug/m’),
present and previous values of the temperature 77, 7“7 (°C), relative humidity H°, H* 47 (%), and
events as: window openings W*, W=4% (binary value), number of pupils in the classroom 0%, 074 (-),
and number of photocopies X%, X™47(-). Using this notation the model has the form:

Cf = a0+ a;C7 4+ a;C,7 +a3C," " + a° +asT™ + agH" + a;H™4" +
+ 08W +09WAr + 01001 +a“0“'r + a,er + aler-AT. (1)

The input variables should have not only the present and the last previous value, but also the values at
all time steps that could significantly influence the present value of the indoor air pollutant
concentration. The number of significantly important time lags may be estimated using the cross-
correlation coefficients (Figure 3). Cross-correlation coefficients, cg/(m), between the time series x and
y, are given by (Bendat et al. 1971, Seber et al. 1989):

N—|m|-1
Cy(m)= D %Y m20. @)
n=0

where N is the length of the two series and m is the time lag.
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Figure 3: Cross - Correlation Coefficients for O3
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The number of important time lags is considered for the significant correlation coefficients. We note in
Figure 3 that both values of the indoor and outdoor air pollutant concentration closer to the current
moment have a significant influence upon its present value (Ci-Ci and Ci-Co graphs). By the contrary,
neither the indoor air temperature and humidity, nor the number of photocopies influence the present
value of the indoor air concentration.

In the basic model, we consider as input data only one time lag value for each parameter. The model is
determined by its coefficients a; (j = ¢..». The standard modeling procedure is to find the regression
coefficients using a set of data and to test the model on another time interval. The basic model is
constructed using 100 time steps (96 time steps = 1 day) and the model is verified for all the
measurement period (1248 time steps). The indoor air pollutant concentration calculated with the
statistical model is a good approximation for the measured indoor concentration (Figure 4). The
statistically obtained results (dashed curve) are close to the measured concentrations (solid curve),
although their mean is lower.
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Time steps
Figure 4: Detail of the variation of the measured (solid curve), statistically calculated
(dashed curve) indoor, and outdoor (dot-dashed curve) air O3 concentration.

The model (eqn. 1) for O; becomes:

Ci¥ = 51.4722 + 0.7764 C;"™" + 0.1623 C,* - 0.1054 C,"¥" —2.5744 T* +
1.0313 7547~ 0.6713 H™+ 0.2881 H™4" + 2.5822 W"+ 7.1900 =47 - 3)
0.0570 O° + 0.0764 O™* - 0.0448 X" + 0.0122 X*4* .

Similarly, other two models have been obtained for NO and NO,.

The model is considered to be valid if its error are normal and independent, with mean zero (Myers,
1990). Thus, the conditions that the error should verify are: its mean value should not be significantly
different to zero, the emar should not be auto-correlated, and it must have a normal distribution. The
basic model is valid since the error mean value is —1.36 pg/m’, standard deviation is 3.47 pg/m?, auto-
correlation coefficients are close to 0, and its distribution approaches a normal distribution (Figure 5).

We note from the graphic of the cross-correlation coefficients of the error, that the errors closer in time
have a greater influence on the present error than the further ones.
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Figure 5: Validity test of the basic statistical model.

IMPROVED MODELS

In order to improve the accuracy of our model, we modified two major factors: the number of points
(time steps) taken into account for the multi-linear regression model, and the number of time steps for
each input parameter considered in the model. We developed two madels for each pollutant. Both
models are constructed using 1000 time steps instead of 100 in the basic model. The first improved
model has as input data only the last value of each input parameter (e = co = 1, = 2y = 1y = 1, = iy
= 1). In the case of NO;, the error mean and the standard deviation diminish 40 times and 3 times
respectively, as compared to the basic model. The second improved model uses as input data the last 8
values for each input parameter (4o = ne, = W = Ny = iy = Ny = ny, = 8). This modification of the
second major factor brings the error mean and the standard deviation 10 times closer to 0 than their
values obtained with the first developed model (Table 1)

TABLE 1
ERROR ANALYSIS
Error: &
Pollutant ng ne, n, ny ny n, ny — T Ry o
No I 111 1 1 1 1 0994 0988 -8led 0202
I 8 8 8 8 8 8 8 -0093 0087 825 0021
No, L 11 1 1 1 1 1 9168 7435 0033 1189
21 8 8 8 8 8 8 8 -0750 0.651 -0.003 0.117
oo 1 1 1 1 1 1 1 1 -15881 13985 0032 2765
> 1T 8 8 8 8 8 8 8 -1.798 1438  0.004  0.302
CONCLUSIONS

The prediction of indoor air pollutant concentration was achieved with a multi-linearregressive model.
Its accuracy depends on the number of the time lags of input data and on the number of time steps used
to determine the model coefficients: more time lags and time steps, better the model. Among the seven
parameters, the most influential one is the outdoor air concentration due to outdoor/indoor pollutant
transfer. This preliminary study proves that statistical analysis could lead to precise prediction of the
indoor air pollutant concentration due to the outdoor air concentration. The perspective is to reduce the
complexity of the models obtained for the three pollutants. We will also try to generalize the models as
a function of room and building destination.
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