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Atmospheric Pollution

Direct effect on people’s life quality
London December 1952: more than 4.000 people died

Main cause of atmospheric pollution
Massive usage of fossil fuels

Tropospheric ozone (O;) pollution

Effects on population:
*Breathing system mucous membrane irritation

*Cough, nausea, breathing difficulties, lung tissue irritation and
diminishment of breathing capacity
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Tropospheric ozone (O;) pollution...

Effects on vegetables:

< Food production and storing capacity alteration
« Production rate reduction of: wheat, legumes, cotton and tobacco

Effects on materials:
« Oxidation, weakening and other chemical changes
» Easy reaction with organic materials
« Cracks in rubber and plastic
« Tension reduction on textiles

« Tissue decolorization: cotton, nylon and polyester
« Premature cracking of paintings
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Atmospheric pollution in Santiago
Adverse characteristics:
Medium Latitude Low speed and frequency of winds
City is surrounded by hills Low altitude thermal inversions
trap pollutants in the airshed
Semiarid Climate
Complexity of modeling creation and destruction of
ozone
« Different chemical compounds interaction
« Dependence on meteorological variables
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Computing technology development
*Sophisticated tools implementation
*New ways of dealing with complex problems

Nets of Active Neurons (NANS)

Inductive model generation
« Available historical data

* Low relevance of existing theory for describing the studied
phenomenon

*Explicit linear mathematical models
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Research objective

Analyze the ability of a Net of Active Neurons
of developing a maximum ozone concentration
forecasting model for Santiago city
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Nets of Active Neuron’s
Theoretical Background
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Complex object modeling

Deductive methods:
*Based on object theory and physical principles
«Widely used in sciences and engineering

«Limited to relatively simple problems or objects with well known
theory

Inductive methods:

*Based on available historical data

< Do not require knowledge of the object’s theory

*Best for modeling complex objects or problems for which there is
no identified theory
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Group Method of Data Handling (GMDH) algorithms
(active neurons)

» Generate inductive models
* Invented in 1967 by A.G. Ivakhnenko (Ukraine)

Basic characteristics of GMDH algorithms

» Based on Adaptive Networks
Identify the optimal structure during the parameter estimation process

* Carry out an ordered search of the optimal complexity
model which define the studied object
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GMDH Algorithms Classification

- Parametric ametric

Combinatorial (COMBI) Objective Computer Clusterization
Multilayered Iterational (MIA) (oce)

Objetive System Analysis (OSA) Pointing Finger Clusterization
Harmonical Algorithm (PF)

Two-level (ARIMAD) Analogues Complexing (AC)
Multiplicative-Additive
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Harmonical Rediscretization Multilayerd Theory of Statistical
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Combinatorial Algorithm (COMBI)

« Parametric algorithm (coefficient estimation)

» Based on the Least Squares Method:
«Objective variable must be identified explicitly
+Only continuos objective variables

*Best models are selected based on an external criterion :

Learning Sub-sample (coefficient
estimation)

Training Sub-sample
(model evaluation)
Dispersion with respect to Y
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Extension to a Net of Active Neurons
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Forecasting Model

Development
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Software implementation

» Programs developed in MATLAB 5.2 programming
language
* GMDH algorithms developed:
« Combinatorial (COMBI)
» Multilayered Iterative Algorithm (MIA)
» Analogues Complexing (AC)
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Historical data used
Automatic Air Quality Monitoring Network (MACAM)

Meteorological Variables :

Temperature: maximum,
minimum, standard deviation

Wind speed and direction
Air relative humidity

Pollutants:
S0,
co
03
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. Input Varables

« Station C historical data

« 2558 daily observations in 23 original variables (1988 -1994)
* Irrelevant variables suppression (7)

* Missing information filtering (Microsoft Access)

‘ 506 observations in 16 variables
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Basic Variables

Variable
Maximum matinal carbon monoxide concentration
Daily average of wind direction

Daily average of air relative humidity

Standar deviation of relative air humidity
Maximum matinal nitrogen dioxide concentration
Maximum matinal nitric oxide concentration
Maximum matinal NOx concentration

Daily maximum ozone concentration

Daily average of wind direction

Daily disperssion of wind direction

Minimum daily temperature

Maximum daily temperature
Temperature at moment of highest ozone concentration

Average of daily temperature
Standar deviation of daily average temperature
Daily average of wind direction
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Development

Basicsat R 4

« Include time lags (t, t-1, t-2 y t-3)
* Outliers elimination:

= ,ux‘ 230,
- 313 observations for 16x4 = 64 lagged variables
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Development

Basic Set
Generation

Input Variables

« Limited computing capacity

* Heuristics methods used:
« Correlation analysis based selection
* Partial results quality

‘ Combinatorial Algorithm
20 input variables
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Selected Lagged Variables (20)

Ex-post and ex-ante scenarios : B Mx)=T MX, +14-¢
&~N(0,1)
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Net of Active Neurons for Ozone Forecasting

03_MX™,
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Results
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Optimal model for ozone forecasting

A727  -1,0652 24047  -3/4444
22414 -1,6923 09423
0,1198

-0,0108  0,3154 0,0121 0,0723
-0,0323  0,2353 0,0210
0,0668  0,1286 -0,0769  -0,6103

ay= - 34,7869
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Optimal model in the ex-post scenario
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Alternative deductive models
 Persistence:

« Incapacity of identify the causes of the studied phenomenon
« Actual concentration level is a good estimate

03 MX,= 03_

Linear Deductive:

» Analysis of the laws and principles involved in ozone generation and
destruction

» Atmospheric Diffusion Equation

O3_MXi=q+-03_MXi4y.T_MXci45.T_MX

03 _MX: =9.5936+0,5309.03 _MX-1 —54743.T MX:i-1 +6,4645.T ~MX:
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Information used in results evaluation

External data set
Was not used in parameters estimation

]

Validity of the obtained results

Forecasting Capacity

General Aspects Nets of Active Neurons Forecasting Model Results Conclusions
Theoretical Aspects Development

Traditional indexes ex-post scenario

(Observed and forecasted values similarity)

Root Mean Square Traditional Indexes
Ex-post Scenario Ex-postScenario

2451 2200

OOptimal
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Categorical indexes ex-post scenario
(Critical episode occurrence O3_MX, > 82 [ppb])

Categorical Indexes
Ex-post Scenario

Indexes

B Persistence p]Linear Deductive [JOptimal
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Traditional indexes ex-ante scenario

(Observed and forecasted values similarity)

Root Mean Square Traditional Indexes
Ex-ante Scenario Ex-ante Scenario
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Categorical indexes ex-ante scenario
(Critical episode occurrence O3_MX; > 82 [ppb])

CategoricalIndexes
Ex-anteScenario

\\\\\\\!

M Persistence pilinear Deductive []Persistence
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Scenario Comparison

Traditional Indexes

Optimal Model Root Mean Square Optimal Model Traditional Indexes
Scenario Comparison Scenario Comparison

0,88 flo.86
l 24,20 8 -
i p X

General Aspects Nets of Active Neurons Forecasting Model Results Conclusions
Theoretical Aspects Development

Scenario comparison

Categorical Indexes

Optimal Model Categorical Indexes
Scenario Comparison

CPN ICE

Indexes

CEx-post @Ex-ante

New Information
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Importance of selected variables

Relative Importance Added Over Time

Conclusions

Linear Deductive

Model (< 47% )

Relative Importance

Variable
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Importance of considered days

Conclusions

Relative Importance Added Over Variables
50% Linear Deductive
Model (<47 %)
8 40%
c
£
5 0
g 30% 125.3%
E 23,0%
2 20% 1+—
s 13,1%
£ 10% +—
N
0% T - .
t t1 2 3
Days
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Conclusions
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Nets of Active Neurons
» Adequate tool for modeling and forecasting O,

« Forecasting precision is very good
« Explicit model generated is an important additional result

Forecasting models development using NAN
« Selection of an appropriate algorithm
« Selection of an appropriate input variable set
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Further research
Ozone pollution
» Usage of additional inductive modeling tools for improving
forecasting precision (Neural Networks)
« Deductive analysis of the explicit model generated
Nets of Active Neurons
« Usage of alternative algorithms (MIA, AC or others)
« Improve the software design and implementation
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