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*HQHUDO�$VSHFWV
6OLGH��

$WPRVSKHULF�3ROOXWLRQ
Direct effect on people’s life quality

London Decem ber 1952: m ore than 4.000 people died

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

7URSRVSKHULF�R]RQH��2���SROOXWLRQ
Effects on population:

•Breathing system  m ucous m em brane irritation

•Cough, nausea, breathing difficulties, lung tissue irritation and
dim inishm ent of breathing capacity

0DLQ�FDXVH�RI�DWPRVSKHULF�SROOXWLRQ
M assive usage of fossil fuels



6OLGH��
7URSRVSKHULF R]RQH��2���SROOXWLRQ���

Effects on vegetables:

• Food production and storing capacity alteration

•Production rate reduction of: wheat, legum es, cotton and tobacco

Effects on m aterials:

• Oxidation, weakening and other chem ical changes

• Easy reaction with organic m aterials

•Cracks in rubber and plastic

•Tension reduction on textiles

•Tissue decolorization: cotton, nylon and polyester

•Prem ature cracking of paintings

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH��
$WPRVSKHULF�SROOXWLRQ�LQ�6DQWLDJR

Adverse characteristics:

M edium  Latitude Low speed and frequency of winds

City is surrounded by hills Low altitude therm al inversions
trap pollutants in the airshed

Sem iarid Clim ate

&RPSOH[LW\�RI�PRGHOLQJ�FUHDWLRQ�DQG�GHVWUXFWLRQ�RIR]RQH
•Different chem ical com pounds interaction

•Dependence on m eteorological variables

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH��
&RPSXWLQJ�WHFKQRORJ\�GHYHORSPHQW

•Sophisticated tools im plem entation

•New ways of dealing with com plex problem s

1HWV�RI�$FWLYH�1HXURQV��1$1V�
•Inductive m odel generation

• Available historical data

• Low relevance of existing theory for describing the studied
phenom enon

•Explicit linear m athem atical m odels

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV



6OLGH��
5HVHDUFK�REMHFWLYH
Analyze the ability of a Net of Active Neurons
of developing a m axim um  ozone concentration

forecasting m odel for Santiago city

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH��

1HWV�RI�$FWLYH�1HXURQ¶V7KHRUHWLFDO�%DFNJURXQG

6OLGH��
&RPSOH[�REMHFW�PRGHOLQJ

Deductive m ethods:

•Based on object theory and physical principles

•W idely used in sciences and engineering

•Lim ited to relatively sim ple problem s or objects with well known
theory

Inductive m ethods:

•Based on available historical data

•Do not require knowledge of the object’s theory

•Best for m odeling com plex objects or problem s for which there is
no identified theory

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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*URXS�0HWKRG�RI�'DWD�+DQGOLQJ��*0'+��DOJRULWKPV�DFWLYH�QHXURQV�

•Generate inductive m odels

•Invented in 1967 by A.G. Ivakhnenko (Ukraine)

%DVLF�FKDUDFWHULVWLFV�RI�*0'+�DOJRULWKPV
•Based on Adaptive Networks

Identify the optim al structure during the param eter estim ation process

•Carry out an ordered search of the optim al com plexity
m odel which define the studied object

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
*0'+�$OJRULWKPV�&ODVVLILFDWLRQ

Param etric Non-param etric

Com binatorial(COM BI) O bjective Com puterClusterization

M ultilayered Iterational(M IA) (O CC)

O bjetive System  Analysis(O SA) Pointing FingerClusterization 

Harm onical Algorithm (PF)

Two-level(ARIM AD) AnaloguesCom plexing (AC)

M ultiplicative-Additive

Harm onical Rediscretization M ultilayerd Theory of Statistical 

Decisions (M TSD)

&RQWLQXRXV
YDULDEOHV

%LQDU\
YDULDEOHV

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
&RPELQDWRULDO�$OJRULWKP��&20%,�

•Param etric algorithm  (coefficient estim ation)

•Based on the Least Squares M ethod:

•O bjective variable m ust be identified explicitly

•O nly continuos objective variables

1$
1%

Learning Sub-sam ple (coefficient
estim ation)

Training Sub-sam ple

(m odel evaluation)

1
Dispersion with respect to Y

•Best m odels are selected based on an external criterion :

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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)RUHFDVWLQJ�0RGHO'HYHORSPHQW



6OLGH���
6RIWZDUH�LPSOHPHQWDWLRQ

•Program s developed in M ATLAB 5.2 program m ing
language

•G M DH algorithm s developed:

•Com binatorial (COM BI)

•M ultilayered Iterative Algorithm  (M IA)

•AnaloguesCom plexing (AC)

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
+LVWRULFDO�GDWD�XVHG

Autom atic Air Quality M onitoring Network (M ACAM )

0HWHRURORJLFDO�9DULDEOHV��
Tem perature: m axim um ,
m inim um , standard deviation

W ind speed and direction

Air relative hum idity

...3ROOXWDQWV�
SO 2 HCT

CO NO X

O 3

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���

*HQHUDFLyQ�GHO&RQMXQWR�%DVH

•Station C historical data

•2558 daily observations in 23 original variables (1988 -1994) 

•Irrelevant variables suppression (7)

•M issing inform ation filtering (M icrosoft Access)

506 observations in 16 variables

3URFHVVLQJ%DVLF�6HW*HQHUDWLRQ ,QSXW�9DULDEOHV6HOHFWLRQ

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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Sym bol Unit Variable

CO_M Xt [ppm ] M axim um  m atinal carbon m onoxide concentration

DR_PRt Sexagesim al Daily average of wind direction

degrees 

HR_PRt [% ] Daily average of air relative hum idity

HR_STDt [% ] Standar deviation of relative air hum idity

NO2_M Xt [ppb] M axim um  m atinal nitrogen dioxide concentration

NO_M Xt [ppb] M axim um  m atinal nitric oxide concentration

NOX_M Xt [ppb] M axim um  m atinal NOx concentration

O 3_M Xt [ppb] Daily m axim um  ozone concentration

SP_PRt [m /s] Daily average of wind direction

THETAt Sexagesim al Daily disperssion of wind direction

degrees

T_M Nt [ºC] M inim um  daily tem perature

T_M Xt [ºC] M axim um  daily tem perature

TO3_M Xt [ºC] Tem perature at m om ent of  highest ozone concentration

T_PRt [ºC] Average of daily tem perature

T_STDt [ºC] Standar deviation of daily average tem perature

V_PRt [m /s] Daily average of wind direction

%DVLF�9DULDEOHV

6OLGH���

•Include tim e lags (t, t-1, t-2 y t-3)

•Outlierselim ination:

[[L[ VP �t�

3URFHVVLQJ%DVLF�6HW*HQHUDWLRQ ,QSXW�9DULDEOHV6HOHFWLRQ

313 observations for 16x4 = 64  lagged variables

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���

•Lim ited com puting capacity

•Heuristics m ethods used:
• Correlation analysis based selection

• Partial results quality

*HQHUDFLyQ�GHO&RQMXQWR�%DVH

Com binatorial Algorithm
20 input variables

3URFHVVLQJ%DVLF�6HW*HQHUDWLRQ ,QSXW�9DULDEOHV6HOHFWLRQ

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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t t-1 t-2 t-3

O3_M X ? x x x

T_M N x x x

T_M X x x x x

T_PR x x x

T_STD x

TO3_M X x x x

NO2_M X x x

HR_STD x

H�� ���B�B� WW 0;70;7( �����a 1H([�SRVW�DQG�H[�DQWH�VFHQDULRV��

6HOHFWHG�/DJJHG�9DULDEOHV�����
*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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&20%,��YDUV &20%, &20%,

&20%, &20%,��YDUV

2�B0;W,$%� ������� 2�B0;W,,$%� ������� 2�B0;W,,,$% ������
2�B0;,,,W

2�B0;W,9$%� �������
2�B0;W237$%� �������

1HW�RI�$FWLYH�1HXURQV IRU�2]RQH�)RUHFDVWLQJ
*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���

5HVXOWV
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2SWLPDO�PRGHO�IRU�R]RQH�IRUHFDVWLQJ
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*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
2SWLPDO�PRGHO�LQ�WKH�H[�SRVW�VFHQDULR

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
$OWHUQDWLYH�GHGXFWLYH�PRGHOV

•Persistence:
• Incapacity of identify the causes of the studied phenom enon

• Actual concentration level is a good estim ate2�B0;W �2�B0;W��

0;70;70;20;2 WWW BBB�B� �� ������ �� GJED
WWWW 0;70;70;20;2 B������B������B�������������B� �� ������ ��

•Linear Deductive:
• Analysis of the laws and principles involved in ozone generation and
destruction

• Atm ospheric Diffusion Equation

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV



6OLGH���
,QIRUPDWLRQ�XVHG�LQ�UHVXOWV�HYDOXDWLRQ

External data set

W as not used in param eters estim ation

Validity of the obtained results

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV
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6OLGH���
&DWHJRULFDO�LQGH[HV�H[�SRVW�VFHQDULR

(Critical episode occurrence O3_M Xt> 82 [ppb])

&DWHJRULFDO�,QGH[HV([�SRVW�6FHQDULR

����
����
����
����
����
����

3' 7) 5)$ &31 ,&( ,&9 ,&+,QGH[HV

9DOX
H

3HUV LVWHQFH /LQHDU�'HGXF WLYH 2SWLPDO

����

���� ����

���� ���� ���� ����

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
7UDGLWLRQDO�LQGH[HVH[�DQWH�VFHQDULR

(Observed and forecasted values sim ilarity)
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&DWHJRULFDO�LQGH[HV�H[�DQWH�VFHQDULR
(Critical episode occurrence O3_M Xt> 82 [ppb])
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6FHQDULR�&RPSDULVRQ

Traditional Indexes

2SWLPDO�0RGHO�5RRW�0HDQ�6TXDUH6FHQDULR�&RPSDULVRQ
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9DOX
H

([�SRV W ([�DQWH

6FHQDULR�FRPSDULVRQ
Categorical Indexes

���� ����

���� ���� ���� ����

���� ���� ���� ����
���� ���� ���� ����

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���

1HZ�,QIRUPDWLRQ
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&RQFOXVLRQV



6OLGH���
1HWV�RI�$FWLYH�1HXURQV

•Adequate tool for m odeling and forecasting O 3

•Forecasting precision is very good

•Explicit m odel generated is an im portant additional result

)RUHFDVWLQJ�PRGHOV�GHYHORSPHQW�XVLQJ�1$1
•Selection of an appropriate algorithm

•Selection of an appropriate input variable set

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���
)XUWKHU�UHVHDUFK

O zone pollution

•Usage of additional inductive m odeling tools for im proving
forecasting precision (Neural Networks)

•Deductive analysis of the explicit m odel generated

Nets of Active Neurons

•Usage of alternative algorithm s (M IA, AC or others)

•Im prove the software design and im plem entation

*HQHUDO�$VSHFWV 1HWV�RI�$FWLYH�1HXURQV7KHRUHWLFDO�$VSHFWV )RUHFDVWLQJ�0RGHO'HYHORSPHQW 5HVXOWV &RQFOXVLRQV

6OLGH���

)RUHFDVWLQJ�+LJK�2]RQH�/HYHOV8VLQJ�1HWZRUNV�RI�$FWLYH�1HXURQV
Rodrigo Cerda H.
HéctorJorquera G.

Santiago, Septem ber 29th 1999


