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Introduction

Presentation based on Kolehmainen et al., 2001, 
“Neural networks and periodic components used in air 
quality forecasting”

Air quality is a factor in the quality of living

Pollution particularly in urban areas

Traffic, other human activities

Forecasting of pollution peaks ➪ evasive action

Restrictions on traffic and industry
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Measurement data
Time series measurements, one hour intervals
Stockholm, Sweden 1994–1998
NO2 (average of four measuring stations)
Meteorological variables

Temperature, wind speed, wind direction, 
solar radiation

Hour of the day (and the day?), month of the 
year
Discontinuous variables transformed (sin, cos)
Missing values filled in (0,94 %)
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Forecasting task

NO2 is a toxic gas

Predict future NO2 
concentration 

Present values of the 
variables (incl. NO2) are 
known

How far into the future?

Not specified in the 
paper!
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Overview of methods

Preprocessing

Extracting periodic components and trend

Enhanced performance of neural networks?

Artificial neural networks

Multi-layer perceptron (MLP)

Self-organising map (SOM)
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Periodic components 
and trend

Periodic components are to be expected

Traffic, industry, ...

Periodic variations in nature

Regression with zero and first degree curves, 
sine and cosine functions (year, week, day)

Estimated from 1994–1997 data

yt =
m∑

k=1

(ak sin kω0t + bk cos kω0t) +
n∑

l=0

clt
l
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Regressor coefficients
No trend



Periodic components

Multi-layer perceptron 
(MLP)

Supervised learning

Error back-
propagation algorithm

Details used in 
Kolehmainen et al.

One hidden layer

Sigmoid and linear 
transfer functions
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Self-organising map 
(SOM)

Unsupervised learning

Data is represented with a 
topologically connected lattice

Ability to visualise the data

A variation called tree-
structured SOM (TS-SOM) used 
here

A number of SOMs 
organised hierarchically
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Application of the 
methods

Training with 1994–1997 data
Residual NO2 data (periodicities removed)
Plain NO2 data
MLP with 24 or 16 neurons in hidden layer
SOM

Prediction is a function of BMU and time
Extra information (NO2 statistics) stored in 
addition to SOM weights

4096 or 16384 neurons
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Performance 
indicators

Performance of the methods was tested
Data from year 1998 as the test set
Prediction results were recorded
Visual inspection of results
Selected statistical indicators

Root mean square error (RMSE)
Coefficient of determination (R2)
Index of agreement (d), ...
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Predicted vs. observed (1)



Predicted vs. observed (2)

The best

Histograms of error

MLP with plain 
NO2 values



Predicted vs. observed 
(scatter plots)

Smallest bias 
(11.08)

Best slope 
(0.80)

MLP with plain 
NO2 values

Only 
periodic 

Numerical performance 
indicators

Best

Worst

• MLP with plain NO2 values generally the best

Proportion of systematic error



Possible 
improvements

Improvement of the periodic fitting

More meteorological variables

Data from previous days

Number of variables increases quickly

Chaotic nature of the atmosphere

Take this into account in the model
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Conclusions
Different methods for NO2 forecasting

Removal of periodic components doesn’t 
improve neural network methods

MLP better than SOM in this task

MLP also a more natural choice: input-
output mapping, no extra data structures

Fairly good estimates

Extreme values hard to predict
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Local measurements
NO2 concentrations in Helsinki region

© YTV

21

Air quality now
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› Timetables
› Tickets and fares
› Passenger guide

Employer-subsidised commuter tickets

New employer-subsidised commuter tickets have been introduced in the Helsinki metropolitan area at the
beginning of 2006. Read more...

› Household Waste
› Waste Treatment Centre

Construction of the composting plant has begun

YTV is building a new composting plant at the Ämmässuo waste treatment centre. In future it will be possible to
treat all biowaste collected in the area indoors. The new composting plant will be completed in June 2007. Read
more...

› Climate Change

Air quality now

13  o'clock  22. 02. 2006

Journey Planner

From:

To:

Time: 13 : 48 From To

Date: 22 . 02 . 2006

Search

Helsinki Metropolitan Area Council

The principal duties of the Helsinki Metropolitan Area Council (YTV) comprise transport system planning, regional
public transport provision, waste management and air quality management for its four member municipalities
(Helsinki, Espoo, Kauniainen and Vantaa). It also maintains regional databases and conducts studies on different
issues affecting the region. Besides its member municipalities, YTV also serves a number of nearby municipalities
on the basis of separate contracts

Copyright © 2005 YTV.
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The end

Global NO2 pollution map - Jan 2003 to June 2004
© University of Heidelberg
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