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Introduction

 Insufficient knowledge on short- and long-term temporal variability
of most indoor air pollutants in real environments

 Fluctuations of the parameters that influenced pollutant
concentrations are not measurable in real conditions (e.g.: 
dependence on T, humidity, air velocity of emission rates; variation 
of air exchange rate during occupancy) no physical laws for all 
situations or materials.

 Physical models work fine in controlled environments but poorly in 
real life environments

 Objective : Develop short-term forecasting of a pollutant
concentration variation in a real indoor environment (occupied
office) based on past data with mathematical models



Forecasting indoor air pollutant
concentration: What for ?

 Make use of history ! Or why spend money on monitoring smart 
systems? What to do with all recorded data?

 Add simple forecasting possibility to sensor technology/ 
instruments

 Control of exceedance of a given guideline value in sensitive 
indoor environments

 Anticipate ventilation regulation to prevent exceedance to occur

 Take into account to a certain extent human behaviour



Monitoring of IAQ in an office (2013)

Area = 132 m2

Volume = 364 m3

Permanent exhaust ventilation (230 m3/h)
6 - 12 occupants during a working day

Formaldehyde measurement
(AL4021 Aerolaser analyzer) 

NOx, O3, CO
1 min

Fine particle number
concentration
(0,3 – 20 µm)

1 min

Outdoor
T, RH, P
wind, rain
PM, CO2

1 min

In/out irradiance
monitoring

CO2, T, RH
monitoring

1 min

State of doors and windows
occupancy



Preliminary results: 
Formaldehyde in occupied office

Low formaldehyde concentrations
from April to July 2013
 9 ppb average (1 to 25 ppb)
 Minute/hour variability: 40% (rsd)
 Day variability: 33% (rsd)

Mean variation of 1 ppb over a day



Formaldehyde: 
Influence of windows opening

Closed Closed
Opened

May 14th 2013

Day to day variation of formaldehyde
concentration dynamics
 Influence of  windows opening

Closed

1 opened2 opened

July 17th 2013

Classification of day profiles using SOTA
 6 groups of daily concentration profiles



Forecasting model

• Abrupt changes in concentrations  Need of non-linear models
(SETAR : Self-Exciting Threshold Autoregressive Model)

• =

• High frequency variations: Need of denoising data

• Denoising using FFT filter general trend followed by FFT 
filtering of residuals

• SETAR model applied to the different filtered components

• Final forecast model = sum of predicted FFT components

1 if Jt > c
0  otherwise

Transition variable Jt = lagged concentration Xt-1
c : discrete threshold (average value)



Forecasting results
with FFT2-SETAR model

21 days of data (504 hours)  460 h + 44 h used for cross-validation

MAPE = 12%
R2 = 0.91



Improving model performance by 
adding more high frequency variations

Forecast 1 

Forecast 2 

Global 
Forecast



Forecasting performance according to 
6 FFT5-SETAR scenarios

S1 S2 S3

S4 S5 S6

h = 17 h
h = 15 h h = 13 h

h = 
10 h

h = 
10 h

h 
= 
4 h

i > 10 h i > 7 h i > 6 h

i > 5 h i > 5 h i > 4,5 h



Conclusion (1/2)

Day to day variation of formaldehyde concentration profile 
according to opening window scheme

Opening of windows may rule the variation of formaldehyde
concentration in an occupied office (but it also depends on how 
opening of windows affect T, RH, AER and indoor chemistry) 

Forecasting of indoor air pollutant concentration without a priori 
assumptions is achievable to a given extent

The more high frequency variations are included (higher noise 
level), the more the forecasting horizon decreased. How much
concentration variability we want to forecast ?



Conclusion (2/2)

The performance of the final forecast depends on the 
performance of the first FFT component (general trend).

One major limitation: unexpected remains unexpected if it never
occured before (must be somehow part of data history).

Use other forecasting models (variance estimation)

 Include in the model (or better forecast) the variations of window
opening to improve forecasting performance of indoor air 
pollutant concentration.

Meet with physical models at a next crossroad



Thank you for your attention

We would like to acknowledge financial support from PRIMEQUAL 
(French research program on air quality).

… or not!

Now, I guess
it’s time for 
questions…
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