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Abstract-: In Taiwan country Annan, Chiayi, Giran, and Puzi 
cities are facing a serious fine particulate matter (PM2.5) issue. 
To date the impressive advance has been made toward 
understanding the PM2.5 issue, counting special temporal 
characterization, driving variables and well-being impacted.  
However, notable research as has been done on the interaction of 
the content between the selected cities of Taiwan country for 
particulate matter (PM2.5) concentration. In this paper, we 
purposed a visualization technique based on this principle of the 
visualization, cross-correlation method and also the time-series 
concentration with particulate matter (PM2.5) for different cities 
in Taiwan.  The visualization also shows that the correlation 
between the different meteorological factors as well as the 
different air pollution pollutants for particular cities in Taiwan.  
This visualization approach helps to determine the concentration 
of the air pollution levels in different cities and also determine 
the Pearson correlation, r values of selected cities are Annan, 
Puzi,  Giran, and Wugu. 
  

Keywords: Air pollution, Particulate Matter (PM2.5),     
Visualization, Framework, Wind Speed, Correlation, TAQMN.  

I. INTRODUCTION 

 Annan, Chiayi, Giran, and Puzi are the main cities of Taiwan 
country and these cities are facing a serious problem with 
particulate matter PM2.5 as pollution issue. PM2.5 pollution 
causes critical problems to health and grows rapidly in cities 
within the region [1]. Considerable endeavors have been 
made towards understanding PM2.5 contamination in Taiwan 
with the spatiotemporal characterization source of units 
impacting meteorological components, checking and relief 
arrangements and well-being impacts [2]. 

These endeavors have enormously enhanced the 
information on PM2.5 contamination and have done a 
momentous work in making a difference illuminate 
contamination relief approaches.  In any case, to date small 
inquire about has been done to explore the energetic 
connections of PM2.5 concentrations at different cities at 
diverse times [3]. 
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In 2013, the Taiwan country announced the rules for 
decreasing the PM2.5   concentration in the selected area by 
up to 25% by 2017, corresponding to the year of the 2012 
level. Some of the updates for decreasing the PM2.5 

emissions are done with the regulations of the governments 
[4]. These efforts are required associations of PM2.5   

concentrations in various cities at various periods in a 
particular area. The best understanding of the relationship 
between the PM2.5 and selected cities in Taiwan country is 
required for an action plan to help the city environment in 
improvement for effective measures for air pollution [5]. 
The aforementioned cities in the above are considered for 
the best understanding of the correlation between the PM2.5 

and the various cities in Taiwan country [6]. 
    In this paper visualization techniques are deployed to 
describe the hidden relationships exists among the air 
pollutants with meteorological parameters. The 
interactions of air pollution in different areas of cities 
Annan, Chiayi, Giran, Puzi, and Wugu the effect of air 
pollution from meteorological conditions are visualized. 
The correlations of individual meteorological factors with 
pollutants in air pollution are described with graphical 
representations [7]. 
    The remaining part of the paper is organized as follows.      
Section 2 describes the selected area, Section 3 introduces 
the phenomenon of time series analysis and visualization 
techniques for air pollution data analysis, Section 4 
correlation analysis and last Section 5 describes the results 
and summary.  

II. MATERIALS AND METHODS  

A.  Study Area 
Taiwan country i s  located at latitude 230 69’ 78’’ N and 
longitude 1200 96’ 5’’ E as shown in  Fig 1. We observe that the 
Taiwan Air Quality Monitoring Network (TAQMN) center is 
the significant premise of air quality assurance [8]. 
Therefore, we have collected 76 stations data and these are 
belonging to 60 common stations, 5 manufacturing stations, 
5 traffic stations, 4 background stations, and 2 normal 
stations. Among these five important cities Annan, Chiayi, 
Giran, puzi, and Wugu are considered for study as these 
cities cover the larger geographical areas with a large 
population [9]. These cities have basic significant physical 
infrastructure and large population as shown in Table I. 
B. Dataset Description  
The data considered for the study has been observed from 1st 
January 2012 to 31st December 2017 that was obtained by 
Taiwan air quality monitoring 
network (TAQMN).  
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It has hourly data set and has been converted into a daily data 
set by averaging hourly data per day. We concentrate 6 
major pollutants such as Nitrogen dioxide (NO2), Ozone 
(O3), Carbon monoxide  (CO), Sulfur dioxide (SO2), PM2.5 < 
2.5 micrometers in diameter, PM10 < 10 micrometers in 
diameter, and other meteorological factors  such  as  
temperature, rainfall,  wind  direction,  wind speed, wind 
direction horizontally, relative humidity, and wind speed 
horizontally [10]. 

 

Fig. 1: Location of the study region. 

 
TABLE I: Basic information about the 5 studied 

cities 
 

City 
Population 

(As of July 2018)* 
Area of the City 

(Km2) 
Latitude and 

Longitude 

Annan 1,92,887 107  
230  47’ 13’’ N 
1200 18’ 13’’  E 

Giran 95,905 29.87  
240  45’ 45’’   N 
1210 45’45’’   E 

Wugu 82,255 34.86  
250 4’ 24’’  N 

1210 25’42’’  E 

Puzi 42,176 50  
230 46’ 11’’   N 
1200 24’ 2’’   E 

Chiayi 2,70,254 60.03  
230 20’ 0.24’’  N 
1200 24’ 0’’    E 

 
For the quality check, the air quality monitoring data were 
processed to facilitate the city-based cross-correlation 
analysis [11]. First, for each city  the concentration of the daily 
pollutant was calculated by averaging the hourly data from all 
stations within that city. Then finally, the average was 
calculated to better capture the general trend of the time series 
of averaging the daily data from all station [12]. 

III. VISUALIZATION FRAMEWORK 

This method visualization framework to visualize continue 
interactions of particulate matter PM2.5  as well as all other 
pollutants of air pollution and meteorological factors time 
series in different cities by the reference of  TAQMN data. The 
important things in the visualization framework are the 

cross-correlation method, it calculates the correlations 
between the particulate matter PM2.5, air pollutants and 
meteorological factors time series in different cities [13]. 

 

 
Fig. 2: Box plot of PM2.5 data 

IV. CORRELATION ANALYSIS 

This section correlation analysis for the air pollution for 
selected  cities  in  the  Taiwan  country  air  pollutants  such 
as particulate matter (PM2.5),  nitrogen dioxide (NO2), 
ozone (O3), carbon monoxide (CO), sulfur dioxide (SO2), 
particulate matter (PM2.5) size as less  than 2.5 micrometers 
in diameter, particulate matter (PM10) size as less than 10 
micrometers in diameter, and other meteorological factors 
such as temperature, rainfall, wind direction, wind speed, 
wind direction horizontally, relative humidity, and wind 
speed horizontally [14]. 

 

 
Fig. 3: Histogram of PM2.5 data 

 
In Fig. 2 shows the box plot of the particulate matter 

PM2.5 for all combined cities and Fig. 3 shows the 
histogram of the particulate matter PM2.5 with related to the 
frequency and Fig. 4  shows the hourly particulate matter 
PM2.5  with applying the probability density function that 
will be the determined range for 0.000 to 0.040 as a positive 
correlation and Fig. 5 
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 shows the daily average particulate matter PM2.5 from 1st 

January 2012 to 31st December 2017 for all selected cities 
combined in the Taiwan country. And Fig. 6 shows the 
histogram for integrated wind speed for all cities related to 
the frequency. 

 

 
Fig. 4: Histogram for PM2.5 in Pm clean 

 
Fig. 5: Daily PM2.5 level Chiayi station 

 
Fig. 6: Histogram of wind speed 

 

 
 
Fig. 7: Distribution of wind speed, PM2.5 reading, 

wind direction, and rainfall
 
In Fig. 7 shows the distribution of the wind speed, particulate 
matter PM2.5  reading, wind direction and rainfall for the 
selected cities in Taiwan country, the correlation of the 
visualization framework for (a) cumulated wind speed in (m/s) 
with frequency this as rang between the 0 to 1000 has been 
determined and (b) shows the particulate matter PM2.5  reading 
with the same frequency of visualization, in (c) this also the 
cumulated hours of the wind direction with at same frequency 
for range 0 to 1000, and last (d) also shows the cumulated 
hours of rainfall with also the same frequency. 

 
In Fig. 8(a) shows the visualization framework for the 
correlation matrix for  Annan city in this matrix all show the 
air pollutants and metrological factors in this city as wind 
speed and wind speed horizontal as positive correlation and 
temperature, carbon monoxide components are the negative 
correlation. Fig. 8(b) Giran city temperature, carbon 
monoxide, nitrogen dioxide (NO2) and wind direction are the 
negative correlation and other pollutants and meteorological 
factors are a positive correlation.  

 
Fig 8 (a): Correlation matrix for annan station 
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Fig 8 (b): Correlation matrix for giran station 

 

 
Fig 8 (c): Correlation matrix for wugu station 

 

 
Fig 8 (d): Correlation matrix for puzi station 

 
Fig. 8(c) Wugu city correlation matrix ozone (O3) and  
particulate matter (PM2.5 & PM10) are the positive 
correlation and other pollutants and meteorological factors 
are a negative correlation. Fig. 8(d) last city as Puzi the 
correlation matrix nitrogen dioxide (NO2), sulfur dioxide 
(SO2) and wind speed are the positive correlation and other 
pollutants and meteorological factors are the negative 
correlation. 
 
 

V. RESULT OBTAINED 

 
                                        (1) 

 

          (2) 

 

                                       (3) 

 

                      (4) 

 
 

The mathematical definition of mean (µ), standard deviation 
(σ), and  Pearson  correlation  coefficient (r)  measure 
represented by the Equation 1, 2, 3, and 4 respectively, here 
in mean  n  is the sample size and xi  is the observed values, 
and in standard deviation where x1 , . . . , xn are the observed 
values of the sample items, x is the mean value of these 
observations, and N is the number of observations in the 
sample and The Pearson correlation coefficient is probably 
the most widely used measure for linear relationships 
between two normally distributed variables and thus often 
just called “correlation coefficient” [15]. 

 
Usually, the Pearson coefficient is obtained via 
Least-Squares fit and a value of 1 represents a perfect 
positive relationship, -1 a perfect negative relationship, and 0 
indicates the absence of a relationship between variables.  
In Fig. 9(a, b, c, and d) are shows the visualization 
framework and a cross-correlation method it determines the 
particulate matter PM2.5 and wind speed for selected cities 
Annan, Puzi, Giran, a n d  Wugu are the Pearson r  values  
a r e  as shown in Table II. First two cities are a positive 
correlation and the other two cities are negative correlation it 
can be determined by using the visualization framework and 
a cross-correlation method [16]. Descriptive statistics for 
values determining (outputs) the level of pollutant emission 
in selected Taiwan country as shown in Table III. 
 
         TABLE II: Pearson  r  values for different cities 

Cites 
Pearson r  Value Correlation 

Annan 0.29 Positive 

Puzi  0.26 Positive 

Giran  -0.53 Negative 

Wugu -0.13 Negative 
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TABLE III: Descriptive statistics for values determining the level of pollutant values

 
Fig 9(a): PM2.5 versus Annan station
 

 
Fig 9(b): PM2.5 versus Wugu station 

 

 
Fig 9(c): PM2.5 versus Gairn station 

 

 

Fig 9(d): PM2.5 versus Puzi station 

 

 

  

STAT TEMP CO NO2 O3 PM10 PM 2.5 RF RH SO2 WDHR WD WS WS HR 

COUNT 10960 10960 10960 10960 10960 10960 10960 10960 10960 10960 10960 10960 10960 

MEAN 67.67 36.47 45.17 21.62 20.89 24.84 30 8.47 21.93 73.78 41.50 33.94 9.45 

STD 69.08 68.80 77.40 77.36 92.52 17.57 39.64 60.50 51.84 78.11 92.19 58.51 0.68 

MIN 0 0 0 0 0.01 0.04 0 0.02 0 0 0 0 0 

25% 2.13 0.64 1.51 1.19 1.95 11.95 2.06 3.69 2.17 22.41 2.27 1.93 2.54 

50% 69.28 2.28 7.03 2.95 11.45 19.50 14.04 10.98 11.53 39.52 24.16 2.83 18.08 

75% 84.87 24.83 26.81 29.41 27.37 31.33 49.55 34.59 24.30 88.41 61.80 45.95 37.12 

MAX 319.50 311.29 327.54 4200.20 8749.12 99.54 323.29 2863.91 3778.25 2522.29 5334.87 1698.04 861.05 
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VI. CONCLUSION 

This research investigated the phenomenon of time series of 
correlation analysis of the particulate matter PM2.5 with 
selected cities by using the visualization framework with the 
cross-correlation analysis method we analyzed the Annan, 
Giran, Wugu,  and Puzi cities are positive and a negative 
correlation of the air pollution pollutants and meteorological 
factors. Some cities are shows the maximum positive 
correlation and less a negative correlation. Visualization 
framework and a cross-correlation method, it determines the 
particulate matter PM2.5 and wind speed for selected cities 
Annan, Puzi, Giran, a n d  Wugu first two cities are a positive 
correlation and the other two cities are a negative correlation, 
and also calculated the Descriptive statistics for values 
determining the level of pollutant values.  
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