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Abstract

Today, air pollution has become one of the most critical problems in densely populated cities, which
causes many city residents to suffer from lung problems every year and can have irreparable effects on
citizens' health. Air pollution recording devices in cities record pollution hourly. The technical issues of
these devices sometimes cause some of the important data not to be recorded, and as a result, fixed
values are created in the data. In this study, fixed values have been estimated. For this purpose, the study
of air pollution events in Tehran including the concentration of PM2.5, PM10, SO2, NO2, O3 and CO
pollutants was conducted. The LANN algorithm, used in the estimation and forecasting of single-
variable time series, has been implemented and compared for all pollutants. Also, in another part of the
study, other environmental pollutants have been considered in the estimation of fixed values, and by
using the neural network method, the estimation of fixed values for all pollutants has been done. RMSE
index was also used to check and compare algorithms. The value of RMSE in the LANN method was
lower than other simpler models including mean, linear regression and LOCF, so its value was 30 to
50% lower, depending on the type of pollutant. Also, the neural network algorithm had lower RMSE
than other methods in estimating PM2.5 values and its value was 7.78.
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Extended Abstract

Introduction

Air pollution has become one of the most important problems in large cities, where a significant number
of citizens face various physical problems every year. Moreover, it can have irreversible effects on the
health of citizens. Dealing with this problem requires complete and accurate information to be able to
make suitable decisions based on that information. In cities facing this problem, devices that include
pollution-sensitive sensors are placed with appropriate distribution throughout the city that continuously
monitor air pollution. Air pollution recorders record information such as PM2.5, PM10, SO2, NO2, CO,
03, and other meteorological information. Factors such as power outages, systematic errors, and
interruptions in maintenance repairs can cause missing data.

Air pollution data are mainly presented in the form of tables consisting of rows and columns. The lines
that show the time dimension specify the recording time of each air pollution record, which are available
hourly and daily. Also, each record contains a number of columns, which is related to a specific
pollutant. Therefore, each position in the table has a numerical value that shows the level of a specific
pollutant at a specific time.

In this study, the LANN algorithm, which is used in estimating and predicting univariate time series, is
used and the missing values are implemented and compared for all pollutants. Also in another part of
the study, other environmental pollutants have been considered in the estimation of missing data, it has
been estimated by using the genetic programming method.

Materials and methods

Study area

Daily pollution data from Tehran are used in this study from April 2018 to April 2021. The city of
Tehran has 23 active air pollution registration stations that are spread throughout the city. In this study,
have worked on the events of Tarbiat Modares station. The data are for quarterly information and include
1081 records each record in addition to the number of days of the year, has 6 information columns that
show the concentration of different particles with different sizes. These particles are PM2.5, PM10, SO2,
NO2, 03, and CO.

LANN Algorithm

The LANN algorithm is based on statistical methods that find the most similar neighborhood for a series
of searches. The searched neighborhood has the most similarity and proximity to the missing data and
can be completed using statistical operators such as the average. Different neighborhoods can be
considered for this method. For example, if neighborhood 3 is considered, the three neighbors before
and after the vacancy are used to calculate the mean.

In this study, pollution data for three consecutive years have been examined. One solution is to use
historical data. In this research, according to the history of the data, this case has been investigated. In
this way, a threshold is considered for the difference between the neighborhood data, and if the
difference is more than the threshold, the history data is also used for the neighborhood data.

Genetic programming (GP)

The GP algorithm is one of the population-based methods that fall into the category of meta-heuristic
methods. This method can be considered an extension of the genetic algorithm (GA) method. The GA
method has several regulatory parameters, including selection, crossover, and mutation. The GP method
goes beyond this method and deals with operators and variables. Operators such as subtraction, addition,
multiplication, division, and more. Each response in this method is called a program that is created to
meet an objective. This method has better results than other methods used to replace multivariate. Each
program is a set of operators and variables that represent a relation. Each program can be represented in
a tree structure where nodes, operators, and leaves play the role of variables and fixed numbers.

In the GP method, as in the GA method, populations of responses are generated and evaluated for
optimization. The stages of population production are selection, crossover, and mutation. In the selection
stage, two programs are selected from the previous population, which uses methods such as tournaments.
In the crossover phase, the two selected programs share their nodes. After the crossover process, the
mutation process takes place, which affects a percentage of the population according to the rate set for
it. Randomly replace sheets or subtrees of a program with random values.
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Other algorithms

In this study, in addition to the two algorithms explained in the previous sections, Three algorithms
including average algorithms, LOCF and linear regression were used to estimate empty places. In the
algorithm, the average of empty positions is completed with the average number of the entire time series,
which is considered a fast method in terms of implementation speed. This algorithm takes into account
the general changes, so in the time series when the changes of the records are insignificant and the
standard deviation of the data is small, the use of this algorithm can create a suitable approximation.
Because the smaller the standard deviation, the data is closer to the average and fluctuates at a smaller
distance from the average. In the LOCF algorithm, each empty position is filled using the data before it.
This algorithm is suitable for completing series that have an ascending or descending pattern with a low
slope, because in these patterns, positions close to each other have similar values.

Discussion

First, several data were randomly deleted on the data using an algorithm, then the missing data were
estimated by applying the stated methods, and then the RMSE value was calculated based on the
estimated values and actual values. This process was performed for different amounts of missing data.
The problem was also solved 30 times each time. In this way, in the time series of the data, the missing
data were created 30 times randomly and then these missing data were filled. In addition to the methods
introduced in this study, simple mean, linear regression, and LOCF methods have been evaluated. This
process has been applied to all PM2.5, PM10, SO2, 03, NO2, and CO pollutants.

The LANN method introduced in this study had a lower RMSE than all other methods in all pollutants,
which means that their estimates were closer to reality. The simple mean method had the highest RMSE
in all pollutants except O3. Also in the O3 pollutant, the highest amount of RMSE was related to the
linear regression method. The LOCF method had almost better values in some pollutants such as O3
and PM2.5 than other methods, as the RMSE value of this method was slightly higher than the LANN
methods. The important point about RMSE values is that in some pollutants the changes fluctuate in a
small range, so the amount of RMSE in these pollutants is less than in pollutants that have a larger
fluctuation range. This can be seen in NO2 and PM10 pollutants.

Following the implementation of the methods for estimating the missing values, the GP method was
applied to the relevant data. In this method, which is a multivariate method, other environmental
pollutants have been used to estimate PM2.5. These pollutants are PM10, SO2, NO2, CO, and O3. The
output of the GP method is an equation based on other pollutants that can be used to estimate missing
data. For all pollutants, a relationship based on other pollutants was obtained, which was the output of
the GP method.

The GP method had a lower RMSE value in PM2.5 pollutants compared to the LANN methods which
had better results than other univariate methods. In PM10, SO2, and CO pollutants, the amount of RMSE
for the GP method and LANN methods was almost the same, and in O3 and NO2 pollutants, the amount
of RMSE for the GP method was higher than LANN methods. The advantage of the GP method over
univariate methods is that the method is not dependent on the data before and after the missing positions.
Missing data increases the RMSE due to the dependence of LANN methods on pre-and post-empty
values, so multivariate methods may be a better choice when there are large gaps in the data.

Based on the results of the implementation of the GP algorithm, once considering the radical operator
and once without considering it, the results indicated a decrease in the value of RMSE, so that the effect
of adding the radical operator on PM2.5, PM10, SO2, NO2 and CO pollutants , the reduction of 10.5%,
5.9%, 6.2%, 8.9% and 3.8% in RMSE value was respectively. The radical operator has no effect on the
amount of O3 pollutant and the extracted relationship is the same in both cases and the radical operator
has no role in forming the relationship.

In the estimation of PM2.5 pollutant, the GP algorithm had the best estimate and the RMSE value was
7.78. To estimate PM10 in this studytwo LANN and GP algorithms have worked properly, so that the
RMSE value obtained by using two LANN and GP algorithms is 17.08 and 18.73 respectively. SO2
index has smaller fluctuations in recorded values compared to other pollutants, smaller RMSE values
have been obtained. LANN and GP algorithms with RMSE values of 1.90 and 1.92 respectively have
better results than LOCF, average and linear regression methods.



Journal of Environmental Studies
Vol. 48, No.4, Winter 2023

442

Also, pollutant O3 has the best results compared to other methods implemented in this study by using
two algorithms, LANN and LOCF, with RMSE values of 4.35 and 5.40, respectively. The two
mentioned algorithms also had the best results in the estimation of NO2, so that the LANN algorithm
with an RMSE value of 8.44 and the LOCF algorithm with an RMSE value of 10.52 have estimated the
NO2 index. In this study, to estimate CO, the LANN algorithm with RMSE value of 0.60 has been more
efficient compared to other methods.

The main goal of this study was to investigate the way of placing missing values in time series, and the
presented algorithms can be used as a tool for estimating missing values. Relevant organizations such
as crisis management can complete the incomplete data recorded by air pollution recording stations
using these algorithms, which can lead to a decision based on correct and complete information.

Conclusion

In this study, univariate algorithms and GP algorithm are used as multivariable algorithms. Of course,
algorithms based on artificial intelligence can be used to estimate missing values. Also, this study has
estimated each pollutant based on other pollutant. By adding meteorological parameters such as
temperature, humidity and wind as well as information related to the land such as height, slope and
aspect to the problem, the relationship of these parameters with the amount of air pollution can be
investigated. Also, considering the effect of location on the results obtained from various methods, the
methods presented in this study and previous studies can be investigated on the same area. The basic
operators used in the GP algorithm, which was discussed in this study, included addition, division,
multiplication and square root. It seems that the use of other operators in accordance with the relevant
pollutant trend can provide more accurate estimates. It is suggested to use operators and functions that
can show periodicity well for pollutants with alternating trends. Also, it seems that converting the data
set into subsets that have a constant trend It can cause the efficiency of general algorithms such as
regression.
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