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ABSTRACT 

Tropospheric ozone levels are increasing worldwide. This increasing trend has 
caused certain concerns, especially amongst those who live in megacities. A similar 
trend has been reported for the Bangkok Metropolitan Region (BMR), where such 
information is relatively limited. This study investigates the formation of tropospheric 
ozone in the BMR in order to understand the characteristics of tropospheric ozone, and 
the relationships between the ozone level and its precursors - meteorological factors. 

Data were collected over a period of 1999 – 2003 from 11 air quality 
monitoring stations in the BMR. These stations are divided into three types; roadside 
stations (three stations); urban stations (five stations) and suburban stations (three 
stations). Initially, the one-to-one relationships between troposheric ozone and its 
precursors - meteorological factors were firstly carried out. The relationships between 
ozone and various parameters at different locations, times of day and environmental 
conditions were also studied through the construction of multivariate equations. 

 The results confirm that the average ozone level reach its maximum in winter 
and its minimum during the rainy season. Meteorological parameters, i.e., monsoonal 
rain and wind play have a significant effect on the characteristics of tropospheric 
ozone. The results show that the most significant parameters affecting ozone formation 
during the day time include relative humidity, solar radiation, and NOx. The multiple 
regression results indicate that NMHC, THC, Pressure and Relative Humidity are 
highly related to ozone formation. 
 

KEY WORDS: TROPOSPHERIC OZONE/ OZONE CHARACTERISTICS/ 

OZONE FORMATION/ OZONE PRECURSORS/ 

METEOROLOGICAL FACTORS 
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บทคัดยอ 
 ในปจจุบัน ปริมาณโอโซนในเขตเมืองของแตละปสูงขึ้น ซึ่งแนวโนมดังกลาว ไดทําใหเกิดความวิตก
กังวลตอประชาชนเกี่ยวกับผลกระทบตางๆ ทั้งตอสุขภาพชุมชนและสภาพแวดลอมโดยทั่วไปในเขตเมืองใหญ 
โดยเฉพาะในเขตกรุงเทพมหานครและปริมณฑลที่ไดมีการรายงานแนวโนมในลักษณะเดียวกัน ในการศึกษานี้ ได
ทําการศึกษาเกี่ยวกับการเกิดโอโซนที่เกิดจากกิจกรรมของมนุษยในเขต กทม. เพื่อใหมีความรูความเขาใจเกี่ยวกับ
ปริมาณโอโซนในชั้นโทรโพสเฟยรและคาภูมิหลัง ศึกษาถึงความสัมพันธระหวางโอโซนกับสารตั้งตนและปจจัย
ทางอุตุนิยมวิทยา โดยทําการศึกษาขอมูลที่ไดจากการเก็บตัวอยางเปนระยะเวลา ๕ ปติดตอกัน (พ.ศ. ๒๕๔๒ ถึง 
๒๕๔๖) จากสถานีตรวจวัดคุณภาพอากาศทั้งหมด ๑๑ แหงที่จากที่ตางๆ ในบริเวณ กทม. สถานีเหลานี้ แบง
ออกเปน ๓ กลุม ไดแก สถานีริมถนน (๓ สถานี) ในเมือง (๕ สถานี) และ ชานเมือง (๓ สถานี) ไดทําการการศึกษา
ถึงความสัมพันธแบบตัวตอตัวระหวางโอโซนโทรโพสเฟยรกับสารตั้งตนและปจจัยทางอุตุนิยมวิทยา และศึกษา
ความสัมพันธระหวางโอโซนกับตัวแปรตางๆ ณ สถานที่ สภาพแวดลอม และเวลาที่ตางกัน โดยการศึกษาการ
แปรปรวนเชิงซอน ผลการศึกษาพบวา คาเฉลี่ยโอโซนในรอบปมีคาสูงสุดในชวงฤดูหนาว แลวคอยๆ ลดลงเมื่อถึง
ฤดูรอน และเขาสูคาตํ่าสุดในชวงฤดูฝน การเกิดโอโซนมีความสัมพันธอยางใกลชิดกับแสงอาทิตยและปริมาณสาร
ต้ังตนที่เกิดจากกิจกรรมของมนุษย ปจจัยดานอุตุนิยมวิทยา ไดแก ฝนและลมจากสภาพอากาศแบบมรสุม เปน
ปจจัยสําคัญตอลักษณะเฉพาะของโอโซนชั้นโทรโพสเฟยรในเขต กทม. การศึกษาเปรียบเทียบตําแหนงที่ต้ังสถานี
กับที่ต้ัง กทม. อาจทําใหสามารถคาดเดาทิศทางการเคลี่อนที่ของสารตั้งตนและบริเวณที่เกิดโอโซนได ตัวแปรที่มี
ผลตอการเกิดโอโซนจากการวิเคราะหหาความสัมพันธเชิงซอนในชวงเวลากลางวันไดแก ความชื้นสัมพัทธ 
ปริมาณแสงอาทิตย NOx และ NO จากการวิเคราะหขอมูลดวยวิธี multiple regression พบวา NMHC THC P 
และ RH มีความสัมพันธมากกับการเกิดโอโซน 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 Background 
 
 Ozone (O3) is an important trace gas composed of three oxygen atoms. Ozone 

is not directly emitted into the air but is created by a chemical reaction between oxides 

of nitrogen (NOx), carbon monoxide (CO), methane (CH4), volatile organic 

compounds (VOCs) and other hydrocarbons in the presence of heat and sunlight. 

These chemical compounds mentioned are “precursors” or the initial substance on the 

creation of the ozone (Rypdal et al.,2005; European Environment Agency, 1997).  

Ozone formation depends on the splitting of one oxygen atom from either 

atmospheric oxygen or other oxygenous molecules. The chemical stability of these 

molecules means that it requires a certain amount of energy expenditure. Natural O3 

only occurs where electrical discharges, e.g., lightning, or high energy solar radiation 

(UV light) is available, such as in the upper layer of the atmosphere, i.e., stratosphere, 

with some at the ground floor of the atmosphere or troposphere. A part of the 

hazardous UV radiation is consumed there in the formation of ozone from O2. The 

ozone itself also absorbs the further part of the UV.  

In the troposphere, O3 formation from O2 is no longer possible due to the lack 

of high energy radiation. The weaker part of UV light, which manages to penetrate the 

O3 layer is in the position to form O3 from NO and hydrocarbons. Without human 

influence, these materials are found only in relatively slight concentrations in the 

atmosphere. This ozone decomposes upon contact with materials on the ground. 

Normally only relatively slight ozone concentrations are generated in the troposphere.  

Ozone functions due to its avidity as a cleaner of the atmosphere. It oxidizes 

other trace substances, such as sulfur dioxide and nitrogen oxides. At the end of these 

chemical processes reaction products are created, so called aerosols, which lead to the 

haze in the atmosphere and are washed out with the rain. 
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As mentioned above that ozone occurs in two layers of the atmosphere, i.e., 

stratosphere (12 – 40 km altitude) and troposphere (0 – 10 km altitude). It is produced 

naturally and usually highly concentrated in the stratosphere. The ozone that situated 

in the stratosphere is considered to be the “good” ozone. On contrary, the ozone found 

in the troposphere is considered to be a “bad” one.  

The existence of the ozone layer is an important requirement for lives on our 

planet. Its existence is endangered through anthropogenic emission of materials, 

elements of which cause a shift in the sensitive chemical balance between ozone 

formation and decomposition in favour of ozone destruction in the stratosphere.  

Breathing ozone can trigger a variety of health problems including chest pain, 

coughing, throat irritation and congestion (Table 1-1). Such ozone can worsen 

bronchitis, emphysema and asthma. It can also reduce lung function and inflame the 

linings of the lungs. Repeated exposure may permanently scar lung tissues. The “bad” 

ozone also damages vegetation and ecosystems. It leads to the reduced agricultural 

crop and commercial forest yield, reduced growth and survivability of tree seedlings 

and increased susceptibility to diseases, pests and other stresses such as harsh weather. 

Materials containing carbons like paints, rubber and certain synthetics are affected. 

(US.EPA, 2003; Coyle et al., 2002; Debaje et al., 2003; Lehman et al., 2004) 

 

Table 1-1 Summary of O3 health effects expected at various exposure levels (ppm) 

Level 
(ppm) Human health symptoms 

10.00 
Severe pulmonary edema; possible acute bronchiolitis; decreased 
blood pressure; rapid weak pulse 

1.00 
Coughing; extreme fatigue; lack of co-ordination; increased airway 
resistance; decreased forced expiratory volume 

0.50 
Chest constriction; impaired CO diffusions capacity; decrease in lung 
function without exercise 

0.30 
Headache; chest discomfort sufficient to prevent completion of 
exercise; decrease in lung function in exercising subjects 

0.25 
Increase in incidence and severity of asthma attacks; moderate eye 
irritation 

0.15 
For sensitive individuals, reduction in pulmonary lung function; chest 
discomfort; irritation of the respiratory tract, coughing and wheezing 

Source: Utah State Department for the Environment, 2000 
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On the basis of the effects of ozone to human health, the EPA has set up a 

recommendation of ozone quality index as shown in Table 1-2.  

 

Table 1-2 Air Quality Index modified after EPA under the Clean Air Act to protect 

public health and the environment, and the Office of Air Quality, Indiana, 

USA  

Ozone Concentration 
(ppm) Descriptors Cautionary Statements for Ozone 

[8-hour average, Unless 
noted]     
0.0 to 0.064 Good None 

0.065 to 0.084 Moderate 

Unusually sensitive people should 
consider limiting prolonged outdoor 
exertion. 

0.085 to 0.104 

Unhealty for 
Sensitive 
Groups 

Active children and adults and people 
with respiratory disease, such as asthma, 
should limit prolonged outdoor exertion. 

0.105 to 0.124 Unhealty 

Active children and adults and people 
with respiratory disease, such as asthma, 
should limit prolonged outdoor exertion; 
everyone else, especially children should 
limit prolonged out door exertion.  

0.125 (8-hr.) to 0.404 
(1-hr.) 

Very 
Unhealty 

Active children and adults and people 
with respiratory disease, such as asthma, 
should limit prolonged outdoor exertion; 
everyone else, especially children should 
limit prolonged out door exertion. 

 >0.405 (1-hr.) Hazardous 
Everyone should avoid all physical 
activity outdoors. 

  

In recent years, it has been discovered that the ozone layer, normally referred 

to as the ozonosphere, is thinned over the Antarctica. This has been caused mainly by 

chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), halons, methyl 

bromide, carbon tetrachloride, and methyl chloroform introduced into the stratosphere 

from human activities. This phenomenon is commonly known as the “ozone hole” or 

“ozone depletion”.  

 A specific ozone formation is in closed relation to human activities. These 

activities include heavy traffic and industry, especially within and surround mega-

cities. Such activities create the precursors mentioned above. While dispersed from the 

initial location due to the wind, the precursors begin to form the ozone via certain 
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chemical reactions. The result is that the observed amount of ozone in the centre of the 

megacity is generally much lower than the sites away from the city. This 

anthropogenic phenomenon is normally referred to as the “urban heat island effect” 

(e.g., Beaney and Gough, 2002).  

 

 

1.2  State of Problem 

 
A number of researchers have carried out on the studies of ozone formation in 

South, Southeast and East Asia: e.g., Japan and China (Shyam et al., 1999); Indonesia 

(Komala et al., 1996; Fujiwara et al., 2000); Hong Kong (Chan et al., 1998; 2000; and 

Liu et al., 1999); and the Indian Ocean (Naja and Lal, 1996; Lal et al., 1998). In the 

tropical atmosphere, high UV intensities and high humidity are the main factors that 

caused an increased amount of OH radicals from O3 photolysis (Crutzen et al., 1985). 

Carbon monoxide (CO) also plays an important role in tropospheric chemistry. It is 

often used as a tracer of anthropogenic pollution and consumes a large fraction of OH 

in troposphere. In regions with sufficient NOx, CO serves to produce ozone and affects 

global ozone concentrations by its effect on OH and HO2 concentrations (Latha and 

Badarinath, 2004).  

As one of the important precursors in ozone formation, CO is the product of 

incomplete combustion, either from machines or biomass burning. Tropical forests 

have emitted large amount of CO and non-methane hydrocarbons (NMHCs) from 

large-scale biogenic activity and biomass burning. The latter can be efficiently 

oxidized to produce O3. Furthermore, biomass burning or global burning as gradually 

increased to be higher than 20% of the global source of CO2, CO, NMHCs, CH3Cl, 

NOx and H2 (Andreae et al., 1992) and potentially enhance tropical tropospheric 

ozone.  

The tropical region of SE Asia has been expected to have the largest future 

changes of tropospheric O3. However, the amount and availability of the data in such 

area are very limited. There are a number of reports of multiyear tropospheric O3 

measurements, mostly by ozone sounding, from various sites including Indonesia 

(Komala et al., 1996; Fujiwara et al., 2000) and Hong Kong (Chan et al., 1998; 2000; 
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Liu et al., 1999). These studies emphasize the influence on SE Asia biomass burning 

on the enhancement of tropospheric ozone in this region. Surface ozone measurements 

have also been carried out in India and over the tropical Indian Ocean (Naja and Lal, 

1996; Lal et al., 1998).  

Ozone measurements and studies both in remote sites and large cities in 

Thailand have gradually been increased over the past decades. Pochanart et al., 

(2001b), for the first time, carried out measurements of O3 at two remote sites in 

Thailand, i.e., Inthanon and Srinakharin. They reported the seasonal variation of O3 

measured and its characterization based on air mass categorization by trajectory 

analysis. They found that O3 variation is high in the dry season and low in wet season. 

This implies the photochemical ozone build-up influenced by a strong local source 

rather than long-range transport effect alone. Furthermore, high temperature and 

humidity in the tropical area seem to shorten the lifetime of the O3 in the mid-latitude 

region due to a strong deposition.  

With a population over 10 million people, Bangkok Metropolitan and its 

suburban areas have encountered a series of serious environmental problems. One of 

the problems involves the increase of ground level ozone. Heavy traffics and 

inappropriately placed of industrial areas are thought to be the main cause of the rising 

of ground level ozone.  

On the basis of the annual report on the state of Thailand’s Environment 

(Office of Environmental Policy and Planning, 1995), it has been firstly mentioned 

that the amount of ground-level ozone sometimes began to exceed the ambient air 

standard allow, i.e., 1-hour average O3 standard of 100 ppb (Table 1-3). Since then, 

there have been progressively increased in the number of ground-level ozone 

concentration being exceeded over the country’s ambient air standard allow. 

Unfortunately, reporting on maximum and minimum concentration values of O3 and 

how often the O3 level exceeds the standard value does not help researchers to better 

understand such development of the ground-level ozone in the BMR area. Further 

analysis of their result is important in order to achieve such understanding on the 

characteristics of the ground-level ozone of BMR.  
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Table 1-3 Daily ozone level measurement in Bangkok area from 1997 – 2002 

Year 
Daily measurable 

range % of Over standard (Amount of Collect data Over standard 
  (ppb)   /Amount of Collect data) 

1997 0.00 - 423.00 N/A N/A 
1998 0.00 - 191.00 0.26 (120/45,714) 
1999 0.00 - 157.00 0.14 (59/42,026) 
2000 0.00 - 203.00 N/A N/A 
2001 0.00 - 183.00 0.10 (75/54,764) 
2002 0.00 - 162.00 0.15 (93/62,669) 

Source: OEPP (1997,1998,1999,2000,2001,2002), PCD (1997a, 1998a, 1999a, 2000a, 

2001a, 2002a), PCD (1997b, 1998b, 1999b, 2000b, 2001b ,2002b) 

 

Chittham (1987) firstly carried out the study on the relationship between the 

concentration of ozone, hydrocarbon, nitrogen oxides and solar radiation in Bangkok 

area. The result was somewhat ambiguity due to the limited number and distribution of 

observation points and limited time for the data collection period. Such limitations 

include: non-continuous and short period data collection; compared parameters were 

collected from different time and space; data were collected from various offices, 

therefore, various data formats and standards; and those data collected in the Bangkok 

area were selected from the down-wind area.  

The Pollution Control Department (2001a) carried out the study on ozone 

precursors in order to investigate the photochemical air pollution of Bangkok. The 

study involved the survey and analysis of ozone composition in order to resolve ozone 

pollution of Bangkok. Zhang and Kim Oanh (2002) studied photochemical smog 

modeling for air quality management of Bangkok metropolitan region. They 

considered parameters of both natural and man-made, e.g., climatological factors, 

monsoon, sunlight, emission, etc. They also noticed an unclimatological adjusted O3 

were increased from 1998 to 2000. The O3 production rate has closed relationship with 

the NOx/NMHC ration of 0.04 – 0.15, with optimum rate of 0.07. The highest O3 

production rate occurred in the summer, with winter ranked second and rainy season at 

the least. Winijkul (2002) developed a synoptic climatological model for forecasting 

photochemical smog potential in Bangkok area. Using a stepwise linear regression 
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procedure, he developed prediction models of ozone concentrations. He found that 

climate conditions in Bangkok are closely related to ozone concentration. 

Of all the studies ever conducted in, there have been insufficient study 

concerns the relationship between O3 and its precursors in Bangkok metropolitan area. 

In order to understand such relationship, one must further investigate on O3 

characterization of the area. 

 

 

1.3 Objectives 

 
Like other mega cities in the world, Bangkok Metropolitan has one of the 

worst traffic situations in the world. Emission from car and factories in the BMR is the 

major caused of not only health problem to the habitants but also the main source of 

CO and other NOx. These precursors are believed to have closed relationship to the 

ozone formation in the BMR, similar to other mega cities in the world. High CO 

concentration over the BMR is believed to be the main cause for the increasing 

numbers of ozone levels that exceed the ambient standard ozone-1 hour. Further 

details on ozone and its precursors characteristics can be found in the Ozone in Urban 

Area section of Chapter 2. Using of statistical analysis techniques will help us to better 

understand the characteristics and trends of O3 contents and its relationship to its 

precursors over the BMR area.   

 

• To study characteristics of tropospheric ozone in Bangkok area. 

• To study the relationships between: a) tropospheric ozone and its precursors; 

and, b) tropospheric ozone and meteorological factors in Bangkok area.  
 

1.4 Scope of Study 
 

This study focuses on the study of ozone formation and its relation to its 

precursors in and around Bangkok area on the basis of data collected during 1999 and 

2003 from the Pollution Control Department.  
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1.5   Conceptual Framework  
 

 

BMR

Anthropogenic activities 

Precursor

Photochemical Reaction 

Meteorological 
factors 

Tropospheric Ozone

Air Quality Monitoring Stations 

Recorded Data: selected 11 Stations 
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And 
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1-to1 Relationship 
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Each for Roadside, 
Urban, Suburban

Figure 1-1: Conceptual Framework of this research. 
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CHAPTER II 

LITERATURE REVIEW 
 

 

2.1 History of Ozone Incidence 
 

Recently, there are certain incidence that involves the natural ozone formation 

process, which leads to the displacement of ozone. Such incidence has caused more 

harm than good to human beings and all walk of lives on the earth’s surface.  

 The study of urban atmosphere can be traced back as early as the 1950s when 

Haagen-Smit and Fox (1954) extensively studied the matter. They recognized that the 

low altitude air pollution was originated from the combustion processes and vehicle 

exhausts. The adverse effect was enhanced by the action of sunlight, or in other words, 

photochemical pollution (Haagen-Smit, 1952; Haagen-Smit and Fox, 1956). Under the 

action of sunlight, nitrogen oxides react with a large number of organic compounds to 

form ozone and other pollutants. However, there exist the lacking of the understanding 

of the chemical reaction mechanisms of the urban atmosphere. There are a number of 

uncertainties that characterize urban atmospheric chemistry. Such uncertainties 

include: the emission strength of ozone precursors that are NOx (NO and NO2); 

volatile organic compounds (VOCs); carbon monoxides; and chemical reaction 

mechanisms.  

 Slow moving high-pressure systems with predominantly clear skies and 

elevated temperatures set the stage for the photochemical formation and accumulation 

of ozone and other oxidants over wide regions during episodes which last for several 

days. Such highly elevated ozone levels were first observed in the Los Angeles smog 

and were scientifically explained in the early 1950s. As a consequence of the rise of 

the background long-term ozone concentration, episodic values will inevitably reach 

higher values. 
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 It was during the early 1970s when the first papers raised the issue of 

photochemical production of O3 in the remote troposphere (Chamedies and Walker, 

1973; Crutzen, 1973). The topic of tropospheric sources and sinks of O3 have been 

under intense scientific investigation and debate. Several researchers (Fishman et al., 

1979; Logan et al., 1981; Cox et al.(1975) were among the pioneers to demonstrate the 

large-scale influence of photochemical air pollution in Europe. Since then, there have 

been progressively studies of trophospheric O3. 

 

 

2.2 Ozone Formation 

 
 As mentioned earlier that there are two types of precursors sources, i.e., natural 

and anthropogenic. Natural sources involve biogenic activities, which are tropical 

forest and natural ozone. The tropical forest normally emits large amount of NMHCs 

and CO. (Kirchhoff and Rasmaussen 1990; ) Natural ozone only occurs where 

electrical discharge or high energy radiation is available. The latter is the case for the 

stratosphere. The anthropogenic sources include other human activities, e.g., traffics, 

industries, electricity sparks and biomass burning.  

 Ozone is formed in the troprosphere when a mixture of ozone precursors (NOx, 
CO, CH4, and NMVOCs) is processed by sunlight. This is non-linear chemical process 

that not only produces ozone, but also changes the oxidizing capacity (or cleansing 

capacity) of the troposphere. Because NOx is a catalyst in the ozone formation process, 

adding more to and already NOx –rich environment will not lead to proportionally 

high rates of ozone formation (Lin et al., 1988) 

 The oxidation capacity of the atmosphere is mainly affected by changes in the 

concentrations of the primary oxidant in the atmosphere, the hydroxyl (OH) radical. In 

a climate perspective, an important role of OH is to remove methane from the 

atmosphere. In most environments, NOx emissions increase OH concentrations 

(reduce the methane concentrations), while CO and NMVOC emissions reduce OH. 

As for ozone formation, the efficiency of NOx as a source of OH is highly dependent 

on the background of NOx (e.g. Poppe et al., 1993), with larger efficiency at low NOx 



Fac.of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 11 

 

background levels. Thus, NOx  emissions lead to both ozone enhancement (warming) 

and methane reduction (cooling). NOx emissions at low latitudes tend to produce both 

ozone and OH more efficiently due to lower background concentrations of NOx and 

more available sunlight. 

There are chemical processes that reduce ozone. While these chemical 

processes take place, the pollutants are transported over large distances and mixed 

vertically. Therefore, ozone is not formed at the location of the emissions but in a 

distance on the lee side. Apart from that, the spatial and temporal pattern of the release 

of precursors is different for the different pollutants. Furthermore there is a 

background concentration of ozone, so part of the ozone is transported from larger 

distances. With rising boundary layer in the morning, ozone from a reservoir layer is 

transported to the ground. The formation of ozone is thus a highly complex non-linear 

process. 

 

 

2.3 The Lifetime of Ozone and Its Precursors 

 
 The lifetime of ozone in the troposphere is generally shorter for regions located 

at low latitudes than that of high latitudes because chemical loss occur quickly and 

efficiently vertical mixing, enhancing the likelihood of dry deposition of ozone. 

Fuglestvedt et al. (1999) found about five times greater sensitivity in ozone 

enhancement at 10 - 13 km altitudes (where the climate impact is particularly large) in 

response to reductions in NOx emissions in Southeast Asia as compared to reductions 

in Scandinavia. 

 A life time of ozone in the lower troposphere varies from 4 – 5 days to 1 – 2 

weeks depending on season. The observed day–of–week dependence is believed to be 

the result from the temporal dependence in the emissions of the precursor VOC and 

NOx, which are greater on weekdays than weekends, and the multi-day time timescale 

required for chemical processing and transport to lead to elevated ozone levels under 

photochemical episode conditions.   
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 The lifetime of CO in the atmosphere is 1-3 months, thus emissions are 

reasonably well mixed on a hemispheric scale, and its impact on ozone production and 

OH reduction is much less dependent on the location of the emissions than for NOx. 

Comparing European and Asian emissions, Berntsen et al., (2004) found only a small 

regional difference in the change in total ozone for CO compared to NOx. Similarly, 

the regional dependence on the lifetime of methane was found to be very low for CO, 

and vice versa for NOx. Thus, the regional difference of an impact on GHGs of a unit 

CO emitted is smaller compared to NOx.  

 NMVOCs are similar to CO in many respects: they have lifetime ranging from 

about the same as for CO for some species down to less than a day for others, and like 

CO, NMVOCs enhance the concentrations of both ozone and methane. The 

uncertainty and regional dependency of the net effect of NMVOCs on ozone and 

methane is consequently much smaller than it is for NOx, although slightly greater 

than that of CO. These aspects make CO and some of the NMVOCs species more 

similar to the Kyoto gases than NOx.(Rypdal et al., 2005) 

 

 

2.4 Chemical Reactions Related to Ozone Formations 
  

In the late 1970’s, Fishman and Crutzen (1979) showed that ozone could be 

formed from oxidation of methane and carbon monoxide in the troposphere in 

processes involving the hydroxyl radical: 

CH4 + OH  → CH3 + H2O   (1) 

CH3 + O2 + M   → CH3O2 + M   (2) 

CO + OH → CO2 + H   (3) 

H + O2 + M  → HO2 + M   (4) 

(M is an unreactive third molecule such as N2) 

In the presence of NO: 

CH3O2 + NO  → CH3O + NO2   (5) 

CH3O + O2  →   CHBI2O + HO2  (6) 

HO2 + NO → OH + NO2    (7) 
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Thus via reactions of HO2 and RO2 (R = alkyl), NO is converted to NO2. Then: 

NO2 + hv → NO + O(3P) λ< 435 nm (8) 

O(3P) + O2 + M → O3 + M   (9) 

The magnitude of this source of ozone is presently controversial. However, recent 

evidence suggests that background of the northern hemisphere tropospheric ozone 

concentrations have approximately doubled since the turn of the century. If this is the 

case, the cause is almost certainly enhanced formation from the oxidation cycles of 

methane (whose concentration is known to be increasing), other less reactive 

hydrocarbons, and carbon monoxide. Such a source is also consistent with spring 

maximum in ozone caused by reaction of hydrocarbons accumulated through the less 

reactive winter months (Tsutsumi and Matsueda, 2000; Jenkin and Clemitshaw, 2000; 

Sadanaga et al., 2003). 

The concentration of ozone in the troposphere is controlled by the following 

procedures:   

 1. the balance of downward transport of ozone-rich air from the stratosphere, 

 2. photochemical production and loss within the troposphere (in situ), and 

 3. removal of ozone by deposition of the ground and vegetation. 

 4. transport of ozone and its precursor within pollution plumes from heavily 

polluted areas and industrial areas of a subregional scale; and 

 5. transport of ozone and its precursors within polluted air masses on a regional 

scale (Vingarzan, 2004). 

 

 

2.5 Ozone and Meteorology 

 
It is well know that daily peak ozone concentrations are correlated with 

meteorological parameters such as temperature, wind speed and relative humidity. 

Periods of high ozone concentrations are observed with slow moving, high-pressure 

weather systems that result in sunshine, high temperature and stagnant air. These 

meteorological conditions result in a stable tropospheric layer less conductive to 

convective mixing with temperature inversion that helps contain precursor pollutants 
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(NOx and VOCs) in the troposphere. Winds associated with high-pressure systems are 

typically light, thus increasing the chance that pollutants will accumulate in the 

atmospheric boundary layer. Warm cloundless condition associated with these systems 

are favourable to photochemical production of ozone (Zolghadri et al., 2004). 

Solar radiation enters directly into the main reactions producing ozone (in the 

high atmosphere O2+ hv = O+O; in the low troposphere NO2 + hv = NO + O; where 

hv is quantum of solar radiation. Furthermore, the solar radiation cycle produces 

minimum values in the winter and maximum values in the summer. During the warm 

season, the solar radiation that causes ozone production is high. 

In urban areas ozone concentrations diminish during the night. In fact, the 

absence of solar radiation associated with the emission of NOx causes the conversion 

reaction O3+NO = NO2+O2. Conversely, in rural areas concentrations are stationary 

due to the absence of NOx source (El-Shaarawi and Piegorsch, 2001). 

Owing to the strong dependence on meteorological factors, ozone concentrations 

are highly seasonal. Several meteorological factors can influence the formation of 

photochemical smog. These conditions include: 

• Precipitation can alleviate photochemical smog as the pollutants are washed 

out of the atmosphere with the rainfall. 

• Winds: Wind speed determines transport and accumulation of primary 

pollutants. It can blow photochemical smog away replacing it with fresh air. 

However, problems may arise in distant areas that receive the pollution. 

Moreover, in that period the exchange of air between the lowest troposphere 

levels and the free atmosphere is scarce, and the wind at soil is usually light. 

• Temperature: The temperature influences directly the kinetics of reactions 

producing ozone and determines the mixing height, which affects the 

accumulation of primary pollutants. Temperature inversions can enhance the 

severity of a photochemical smog episode. Normally, during the day the air 

near the surface is heated and, as it warms it rises, carrying the pollutants with 

it to higher elevations. However, if a temperature inversion develops, 

pollutants can be trapped near the earth's surface, temperature inversions cause 
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the reduction of atmospheric mixing and therefore reduce the vertical 

dispersion of pollutants. Inversions can last from a few days to several weeks. 

 

2.6 Background Ozone 

 
 Background ozone is generally defined as the fraction of ozone present in a 

given area that is not attributed to anthropogenic sources of local origin. As such, 

background ozone has several well-documented sources, both natural and 

anthropogenic. These include: (1) downward transport of stratospheric ozone through 

the free troposphere to near ground level; (2) in situ ozone production from methane 

emitted from swamps and wetlands reacting with natural NOx (from soils, lightning 

strikes and downward transport of NO from the stratosphere); (3) in situ production of 

ozone from reactions of biogenic VOCs with natural NOx; and (4) long-range 

transport of ozone from distant pollutant sources (EPA, 1993). 

 

2.7 Ozone and Topography  

 
 Topography is another important factor influencing how severe a smog event 

can become. Communities situated in valleys are more susceptible to photochemical 

smog because hills and mountains surrounding them tend to reduce the air flow, 

allowing for pollutant concentrations to rise. In addition, valleys are sensitive to 

photochemical smog because relatively strong temperature inversions can frequently 

develop in these areas (Naja et al., 2003). Even though the BMR is situated in the vast 

central plain of Thailand, it is more or less, has an indirect influence of topography in 

relation to ozone concentration. The BMR is located immediately north of the 

shoreline of the Gulf of Thailand. There is also a Khorat Plateau located to the NE and 

the western mountain ranges located to the west within 100 km distance from BMR. 

Such topographic setting makes the air flow pattern of the area being under the 

influence of the monsoon weather and other meteorological factors. 

 



Thanikan Lapapipatt  Literature Review / 16 

 

2.8 Ozone in Urban Area 

 
Ozone is neither generated in high concentrations in the lower atmosphere by 

natural processes nor emitted directly by the combustion of fossil fuels and other 

chemical processes. It is produced as a secondary pollutant from photochemical 

reactions among hydrocarbons and NOx in the presence of sunlight. The possible 

sources of surface ozone at a given locality were given at the end of the “Chemical 

Reactions Related to Ozone Formation” section above.  

However, due to the heterogeneous nature of these sources in both space and 

time, the degree of contribution by these above sources to surface ozone 

concentrations at a particular locality is highly uncertain and very difficult to quantify. 

Urban sites are different from non-urban sites in their ozone behavioral patterns. 

It is a generally agreed-upon fact that urban sites are associated with lower ozone peak 

values due to an abundance of scavenging emissions such as NOx and hydrocarbon. 

During early morning, surface warming by the sun dissipates the radiation 

inversion and thus permits the mixing of the air from aloft with surface air. Such a 

process can cause and increase of ozone concentration at the ground level during the 

morning and afternoon hours. Furthermore, the transport of ozone and its precursors 

downwind from urban and industrial areas is unquestionable. Urban plumes can 

extend over hundreds of kilometers downwind and cover thousands of square 

kilometers. In addition, ozone and its precursors can be transported by low-level 

nocturnal jet stream and upper-level winds far downwind during the nighttime hours. 

From direct experimental evidence and smog chamber experiment results, it can be 

seen that ozone plumes can survive for at least two days while traveling aloft. 

 

 The time of day is a very important factor in the amount of photochemical 

smog present:  

• Early morning traffic increases the emissions of both nitrogen oxide and VOCs 

as people drive to work. 
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• Later in the morning, traffic dies down and the nitrogen oxides and volatile 

organic compounds begin to form nitrogen dioxide, increasing its 

concentration. 

• As the sunlight becomes more intense later in the day, nitrogen dioxide is 

broken down and its by-products form increasing concentrations of ozone. 

• At the same time, some of the nitrogen dioxide can react with the volatile 

organic compounds to produce toxic chemicals such as PAN. 

• As the sun goes down, the production of ozone is halted. The ozone that 

remains in the atmosphere is then consumed by several different reactions. 

 

Several studies have demonstrated that ozone episodes are more prevalent at 

the end of the week (e.g., Jenkin et al., 2002; and Beaney and Gough, 2002; Pryor and 

Steyn, 1995; and Pont and Fontan, 2001). This may reasonably be explained as 

decreased local emissions of precursors during the weekends and a corresponding 

increase in ozone because of its reduced local removal by reaction with precursors.  

 

2.9 The Previous Study of Ozone in Thailand.  

 
In Thailand, there have been a number of studies on the O3 excess level over 

the past decade. The majority of these studies focus on Bangkok and its vicinity, with 

some studies concentrated on other big cities, i.e., Chiengmai, and in the northern part 

of the country (Puranapun, 1999; Pochanart et al., 2001b). Furthermore, some studies 

involved the development of mathematical model in Thailand, i.e., on dry deposition 

of ozone and sulfurdioxide (Chotichakornpant, 2001) and the forecasting models on 

ground level ozone of Bangkok (Sriratanaporn, 2001). 

Even though, rarely have found in high concentration, O3 level in Bangkok is 

under the influence of meteorological factor including a long-term monsoon and 

seasonal changes and a rapid change in a day to day weather and wind conditions In 

summer, the wind blows to the northeast; while in winter, it blows to the southwest 

toward the sea. Because Bangkok’s average temperature is approximately 3 degree 

Celsius higher than the surroundings, the polluted air will rise and blown away by the 
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wind. Therefore, on the hot sunny day Bangkok is conductive to photochemical 

reaction. The photochemical phenomenon is rarely observed but on an increase 

amount towards the end of winter. When high pressure air mass coming from China 

(the northeast monsoon) decreases its strength, in the afternoon, the sea breeze, which 

is the local wind blowing from the Gulf of Thailand, gains strength and brings air 

pollutants removed from the city in the morning back to the city in the afternoon. In 

this case, when wind circulation in a problem, ozone was found at high concentration 

higher than the limit of 0.01 ppm. averaging 1 hour. Usually, ozone concentration was 

found to be quite low around 0.01 – 0.03 ppm. However the recent trends have been 

on the increase particularly in the North Bangkok area. In addition, car emission is the 

number one source of O3 generated within the city limit of Bangkok. 

The investigation and analysis of O3 precursors for the mitigation of 

photochemical air pollution had been carried out in Bangkok by the Air and Waste 

Technology Ltd under the supervision of the Pollution Control Department in 2001. 

The work made use of the air quality and meteorological data in Bangkok area over a 

period of four years (during July 1996 and December 1999) from 14 stations. The 

study showed that average 1-hour ozone- of BMR is occasionally over the air quality 

standard with an increasing trend, especially on the downwind side of the area. Their 

observations also showed that the monthly variation is also worth mentioning. The 

amount of O3 over the dry season is normally higher than that of the rainy season, i.e., 

from November to April and May to September, respectively. The maximum value of 

O3 content occurred in April due to high temperature and sunny weather. During the 

rainy season the O3 content revealed minimum value because of overcast and water 

from rain that washed down all pollutant from the air. Furthermore, during the NE 

monsoon period, the stations located to the downwind gave higher O3 content than 

those upwind ones. On the other hand, during the SW monsoon period, stations 

located to the north gave higher O3 content than those of the southern ones. Besides, 

stations located within the city limit always yield lower O3 value than those located 

outside the city limit. This may have been caused by the fact that the formation of O3 

would normally take several hours of chemical reaction.  
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On the hourly basis, the changing of O3 content shows an interesting pattern. 

The general patter is that the O3 content is very low, i.e., less than 10 ppb, during the 

night time. This content is gradually increased after 8 a.m. in the morning and reach 

the maximum level around noon to 1 p.m. Through the afternoon time, the O3 content 

gradually decrease and reach the less than 10 ppb level after 7 p.m. at night. The 

afternoon wind plays an important role in taking O3 out of Bangkok area even though 

there are still lots of NO2, NO and sunlight. This hourly pattern of O3 level is the same 

year round with the general level in dry season being higher than that in the rainy 

season. They believed that there must be some connection with local wind caused by 

the influence of the sea-shore temperature difference. The study also showed that the 

component of HC or VOC in atmosphere and those from the emission of cars, as well 

as those of the volatile solvent emitted form industrial factories are sensitive to 

chemical reactions to form O3. Such materials are ventilated into the air more than 

those generated by biomass burning or other sources.  

On the basis of a three-year period on ozone monitoring result, Winijkul 

(2002) developed a synoptic climatological model to predict photochemical smog 

pollution potential in Bangkok Metropolitan Region. He made use of composite 

procedure utilizing principal component analysis followed by a two stage clustering to 

identify objectively distinct synoptic meteorological patterns. Using meteorological 

data from local and regional weather stations in and around BMR, he could come up 

with six distinct synoptic categories with a distinction in ozone levels and spatial 

distribution over BMR. Applying a stepwise multiple linear regression method, he 

could develop models to estimate daily maximum 1-h average ozone concentration for 

all six synoptic categories. The results achieved from the model were reasonably in 

agreement with the observed data. However, there was no clear dependence of ozone 

levels on the days of a week. Monday, Tuesday and Friday showed a slightly higher 

frequency of occurrence in the clusters with high ozone, whereas Saturday and Sunday 

in the cluster with low ozone. 

Zhang (2002) applied photochemical smog modelling for air quality 

management of Bangkok Metropolitan Region. She mad use of five-year data 

monitored at 16 stations in the BMR and found that there is a slight increase in O3 
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from 1998 to 2000. Ozone production is effective when the ratio of peaks morning 

NOx to NMHC is in the range of 0.03 – 0.15 with optimum ratio of 0.07. The ratio of 

0.06 was observed in summer, 0.04 in winter and 0.03 in rainy season. She used two 

model systems in the simulation of the contributions of different emission sources to 

the O3 in BMR. It was found that Bangkok photochemical pollution is mainly caused 

by the city anthropogenic emission sources. Biogenic sources only contribute about 10 

– 20 ppb of O3. Using isopleths of maximum diurnal ozone concentrations across 

BMR, she found that O3 foundation is more sensitive to VOC than to NOx emission. 

However, further study is still required in order to develop strategies to reduce O3 

pollution in Bangkok. Such studies should take into account the complicated 

relationships of O3 and the precursors at the present situation of the city. Emission 

database and real time modelling system of photochemical pollution for the city are 

necessary. 

 

 In summary, tropospheric ozone in BMR area has been under several 

investigations over the past decade. Even though controlling factors on ozone 

formation and its precursors have been specified to be either meteorological or man-

made ones, there are still some areas left for further study. The relationship between 

key precursors, i.e., CO, NOx, NMHC, etc., and the ozone level in the BMR area is 

one of the problems left for this study. In order to understand this relationship, the 

method of study is given in chapter 3.  
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CHAPTER III 

RESEARCH METHODOLOGY 
 

 
 In order to achieve targets of this study, it is important to understand the 

characteristics of ozone and its relation to a specific precursor, for the BMR area. 

Consequently, a set of meteorological data collected over a period of 5 years (1999 – 

2003) has been utilized in this study.  This chapter summarizes methods and steps 

taken in this study, i.e., data collection, compilation and analysis techniques.  

 

 

3.1 Data Collection  
 

 The Pollution Control Department (PCD) has the ambient automatic air quality 

monitoring stations collecting data from 59 stations in Thailand (PCD, 2004b). There 

are 39 stations monitoring ground-level ozone data available. Of these 39 stations, 

there are a total of 11 stations being selected for this study, which involves the study 

of ground level ozone monitoring. Further details on these stations and periods of data 

collection are given below. 

 

3.1.1 Observation Sites 

 

As mentioned earlier that this study gathered data from 11 stations in BMR, 

details on station names and types of station are given in Table 3-1.  

 

3.1.2 Period of Observation 

 

The data used in this study had been collected over a period of 5 years, i.e., 

during the years 1999-2003. However, not all of these stations continually and 
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completely recorded the data from the beginning to the end. When one station stopped 

its recording, others would continue to record the data. The data coverage for this 

study is therefore sufficient.  

 
Table 3-1 A list of the stations for the BMR. 
 

ID Station Station Type Location Type 
3 Ratburana General ambient Urban 
5 Meteorological Deprt, 

Bang Na  
General ambient Urban 

10 National Housing 
Autority Khlong Chan  

General ambient Urban 

12 None-tree Vitaya General ambient Urban 
14 Thonburi-Highway Dist. General ambient Suburban 
15 Singharatpitayakom General ambient Urban 
20 Rangsit General ambient Suburban 
22 Sukhothai Thammathirat 

University 
General ambient Suburban 

52 Thonburi Substation Road side Road side 
53 Traffic Police Residence 

Chok Chai 4 
Road side Road side 

54 Dindang Housing 
Autority 

Road side Road side 

Source: Zhang, 2002; Winijkul, 2002. 

 

3.1.3 Meteorological Parameters 

 

The meteorological parameters recorded from the monitoring stations for this 

study are listed below: 

• Atmospheric Pressure (P) 

• Rain (R) 

• Relative Humidity (RH) 

• Temperature (T) 

• Wind Direction (WD) 

• Wind Speed (WS) 

• Global Solar Radiation (GR) 

• Net Solar Radiation (NR) 
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3.2 Data Compilation and Analysis 
 

Data collected from all 11 air quality monitoring stations during the years 1999 

and 2003 were compiled to find the relationships between ground level ozone and 

other factors including a series of precursors and meteorological factors, using simple 

statistical analysis, i.e., correlation and multi-regression techniques. 

In order to capture the whole picture of ozone formation associated with the 

BMR, the data from 11 air quality monitoring stations were considered to represent 

three settings, i.e. Roadside, Urban and Suburban. These three types of stations cover 

the main range of ozone formation where the precursors formation (roadside), the area 

next to the roadside (urban), and the outer part of the big city (suburban). Using 

statistical analysis as a tool, it is possible to gain better understanding on the nature of 

ozone formation and distribution of the BMR.  

The study also emphasizes the ground level ozone diurnal, seasonal and annual 

variations. Heavy traffic produces precursors that later have great influence on the 

increasing or decreasing amount of low level ozone concentration.  

 

3.2.1 Data Preparation 

 For each station, the first step is to prepare the raw data in the form that can be 

plotted to produce comprehensive sets of graphs. This can be done by calculating the 

daily and hourly averages for each month. In addition, these daily and hourly averages 

can then be calculated to give a monthly average for each particular month. Then 

create graphs showing a comparison of monthly averages ozone concentrations of 

1999 to 2003 for each station.  

 A total of eleven weather stations have been divided into three groups on the 

basis of its location: three stations for the roadside area; five stations for the urban 

area; and the other three stations for the suburban area. The roadside one includes: 

Traffic Police Residence at Chok Chai 4, National Housing Authority at Din Daeng, 

and Thonburi Electricity Sub-station. The urban group includes: Meteorological 

Department at Bang Na; National Housing Authority at Khlong Chan; None Si  

Witthaya School, Chong None Si; Ratchaburana Post Office; Singharat Phitthayakhom 
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School. The Suburban group comprises: Bangkok University, Rangsit Campus; 

Sukhothai Thammathirat Open University; and Thonburi Highway.  

 

3.2.2 Characteristics of Ozone  

 

- Annual Ozone Variation 

This study uses monthly average of years 1999 to 2003 in order to 

study the annual ozone variation trend of BMR.  

 

- Seasonal and Diurnal Variation in Precursors. 

Seasonal ozone variation in precursors is important for the better 

understanding of ozone formation process. The study makes use of selected monthly 

averages of ozone level to imply both seasonal and diurnal variations of precursors 

and ozone over the BMR area. This study uses average diurnal values of March, July 

and December to represent summer, rainy season and winter, respectively, for the 

years 1999 and 2003.  

 

- Background Ozone Level 

This process makes use of results from seasonal variation but presented 

in such a way that average ozone levels of day time were plotted juxtaposed to that of 

the night time for years 1999 and 2003. Day time covers the period from 0800 to 1900, 

whereas night time spans over the 1900 to 0800. The data were selected to cover the 

maximum period of sampling in this study, i.e., span over the 5 years period of 1999 -

2003 because it may also reflect the maximum change in ozone level as a result of 

predicted background ozone level which has been on an increasing trend.  

 

 3.2.3 The Relationship of Tropospheric Ozone and its Factors (Precursors 

and meteorological factors) 

 

  Data collected during the year 2002 from three air quality monitoring 

stations were selected, namely Dindang, National Housing and Thonburi Highway, 

because these data cover a complete set of measured parameters to representing the 
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three location sites previously mentioned. The data from each of these three stations 

were presented in such a way that they represent 4 quadrants, i.e., NE, NW, SE and 

SW, representing different wind directions. Such quadrants were divided on the basis 

of geographical azimuth, i.e., NE = 000° - 090°; SE = 090° - 180°; SW = 180° - 270°; 

and NW = 270° - 360° (000°). For each quadrant, correlation coefficients of 

tropospheric ozone and its precursors / meteorological factors of daytime and 

nighttime were ranked and presented. Presenting data in such a way as mentioned help 

the viewer to quickly spot the precursors and factors mostly related to the ozone 

formation. The result reveals the one-to-one relationship between ozone and a 

particular factors or parameters. 

 However, the same set of data can be used in the multiple regression analysis. 

The study also covers such analysis in order to reveal multiple relationships of ozone 

to its factors or parameters.  

 

 Most of the results were presented and interpreted in the next chapter.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

Chapter 4 presents results and discussions as the following: 

4.1 The study on characteristics of tropospheric ozone and background ozone 

in Bangkok. 

4.2 The study of relationships between: tropospheric ozone and its precursors; 

and tropospheric ozone and meteorological factors.  

 The chapter was written in such a way that facts about the results were 

presented first, then followed by discussion of result. 

 

4.1 Characteristics of Tropospheric Ozone and Background Ozone.  
This chapter presents results on the study of characteristics of tropospheric 

ozone and the background ozone in Bangkok Metropolitan and its suburban area. Raw 

data collected from a number of 11 air quality stations were analyzed on the basis of 

time-series plots. There are three types of plots that presenting ozone variations and 

patterns as follow: annual (Figure 4.1); seasonal and diurnal (Figure 4.2); and a 

comparison between ozone background and production periods (Figure 4.3). The 

given sequence on data presentation that firstly presents annual result aims to give an 

overview of ozone variation, followed by the comparison of seasonal and diurnal 

results of the years 1999 and 2003. The years span over the longest data collection 

period that should also reveal the largest differences on ozone pattern through time. 

This chapter presents such comparisons in the order as mentioned.  

 

4.1.1 Annual Trend 

The result shows a similar pattern of the annual average ozone values 

throughout the year (Figure 4.1). The ozone values tend to be high at the beginning of 

the year and gradually increase during March and April. Then the values gradually 

drop down to reach annual minima around July and August. After that the ozone 
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values tend to increase till it reaches the maxima during December, then continued its 

high value to the beginning of the year.  

 There have also been some differences on base ozone levels among these three 

groups of stations. In general, the suburban group exhibits the highest average base 

ozone levels whereas the roadside ones show the lowest values with an exception for 

the Thonburi Sub-station.  

 Among these 11 stations, the Bangkok University at Rangsit exhibits the 

highest fluctuation of monthly average ozone levels of those years. There are also 

some unexpected values plotted on these graphs, i.e., Meteorological Department at 

Bang Na and Singharat Phitthayakhom School.  

The ozone distribution throughout the year of this data set is rather normal 

(Figure 4.1). The pattern is closely related to seasons throughout the year (e.g., PCD, 

2001c; Zhang and Kim Oanh, 2002). Starting from the dry season at the beginning of 

the year where the ozone level is relatively high. This is due to the weather where 

clear sky would permit the sunlight, which is one of the important factors in ozone 

forming, to help the ozone formation process. Moving toward April and May when the 

rainy season gets started, the ozone level decreased toward its lowest level of the year 

around July to August or in the middle of the rainy season. Ozone formation would 

normally be blocked during the rainy season due to lack of sunlight and the rain would 

wash precursors down to the ground leaving less amount of precursors for the ozone 

formation in the atmosphere.  

Other influence that controls the amount of ozone in Bangkok and suburban is 

the monsoon weather that has dominated the weather pattern of the area. During the 

winter time, Bangkok tends to be under the northeasterly wind blowing from the 

mainland down to the area. The phenomenon collects all the precursors, which may 

have formed from the urban areas (traffics, transportation, industry, etc.) or from the 

biomass burning in the mainland. The process increases the formation of ozone in the 

study area. In contrast, during the rainy season, the wind blowing from the Southwest 

collecting clean air and water vapors from the ocean. It is less likely to have high 

amount of precursors associated, thus less amount of ozone levels are being observed 

over the rainy season period of year.  
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 Different locations of stations, in general, give different base levels of ozone 

ranking from high to low as follow: suburban, urban and roadside area. The roadside 

stations are located too close to the traffic where precursors were just created and have 

the least amount of time for the ozone formation. The suburban area has the greatest 

amount of ozone level among these three types of stations because the precursors from 

the urban area has to travel quite far from India, therefore, have more time to react 

among other factors, creating high amount of ozone level. 

 

4.1.2 Diurnal and Seasonal Variations 

 Diurnal variation: the ozone concentration tends to be highly related to the 

amount of sunlight throughout the day. At night, the ozone production rate is lower 

than the destruction rate due to the lack of sunlight. On contrary, during the early 

morning when the sun starts to shine, the ozone production rate starts to increase 

because the sunlight helps in the increasing ozone production rate. Moving toward mid 

day time when the sunlight being strongest resulting in high ozone production rate. 

During the evening time, the intensity of sunlight decreases giving that the ozone 

production rate continues to decrease until it reaches a zero production level at night. 

Then the cycle continues as mentioned at the beginning of this paragraph. The result 

confirms previous study results carried out by PCD (2001c).  

 Of these stations, Dindang is the only station that exhibits the lowest ozone 

base level and variation throughout different time of year. This may due to its location 

that is right in the middle of the traffic. Such traffic creates precursors, which has no 

time to further produce ozone. Therefore, the amount of ozone measured at this station 

is therefore less than those measured at stations located far away from the downtown. 
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The result shows diurnal variation of atmospheric ozone concentration for 

summer, rainy season and winter, for years 1999 and 2003. The study selected average 

diurnal values of March, July and December to represent summer, rainy season and 

winter, respectively.  

 The results show a general trend that ozone concentration of the year 2003 is 

generally higher than those of the same time of year of the year 1999, i.e., average 

daily ozone level of rainy season of 2003 are normally higher than the ozone level of 

rainy season of 1999. Ozone concentrations tend to be highest during the winter time, 

where as the lowest ozone content normally occur during the rainy season.  This trend 

supports those occurred in Figure 4.1. Note that in 2003, the national economic growth 

rate reached 5.2%, which was the highest annual growth rate over the 5 years period of 

study. As a result, there must have been heavier traffics than before resulting in higher 

amount of precursors produced from the traffic than the year before.  

 The diurnal variation of ozone occurs with low value after midnight to early 

morning. Ozone concentration gradually increases after around 8 o’clock. This 

increasing trend continues until it reaches its peak around 1 to 2 pm, then gradually 

decrease down to its minimum values at about 8 p.m.  

 

 4.1.3 Comparison of Photochemical Reaction and Background Ozone 

 However, an interesting observation has been made on a comparison between 

night time and day time ozone concentration levels, i.e., the night time ones are 

generally much lower than those of the day time ones. Figure 4.3 shows a comparison 

between night time or background ozone levels (data collected from 20:00 to 07:00 

o’clock of the next morning) and the day time levels (data collected from 08:00 to 

19:00 o’clock) of different seasons for the years 1999 and 2003. The day time levels 

represent the ozone contents resulting from photo oxidation. Without such 

phenomenon, the night time levels are much lower than those of the day time ones. 

It is clear that the amount of ozone concentrations of the year 2003 are 

generally higher than those of 1999, for the same season, indicating an increasing 

trend of ozone level, especially those created from photo oxidation process. However, 

not all the background level displayed show the increasing trend from 1999 to 2003.   
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4.1.4 Comparison of Weekday and Weekend Ozone 
 It is somehow interesting to see also the weekday and weekend ozone of BMR 

on the basis of the data set used in this study. The weekday-weekend ozone 

concentrations have been under many investigations by a large number of researchers, 

e.g., Brönnimann and Neu (1997); Jenkin, et al. (2002); Beaney and Gough (2002) and 

Qin et al. (2004). Due to day-of-the-week variations in commuter traffic, ozone 

concentrations normally vary significantly between weekdays and weekends. Most 

studies found that ozone episode usually occur toward the end of the week, probably 

because of the day-of-week dependence of ozone precursor emission. It is believed 

that VOC and NOx emitted during the early and mid-week-day would cause the 

increase of O3 rate of formation and lead to ozone’s peak around Friday (Beaney and 

Gough, 2002).  

 The data used in this weekend-weekday ozone study were taken from the same 

set of data used in statistical analysis (next session) in this study. Figure 4.4 shows a 

comparison of weekday and weekend ozone comparison among three selected air 

quality stations. These stations, Dindang, National Housing and Thonburi Highway, 

represent three types of location, Roadside, Urban, and Suburban, respectively. In 

general, the ozone level start off with relatively low value on Monday, gradually 

increase through Tuesday, gradually dropped down through Thursday and Friday, then 

peak again on Saturday before dropping on Sunday toward the following Monday.  

 In addition, Figure 4.5 shows an example of daily variation of ozone and its 

precursors. It clearly demonstrates that precursors accumulate through the night and 

reach its peak around early morning hours, gradually drop down throughout the 

daytime, and finally back to an increasing trend at night again. On contrary, the ozone 

level is relatively stable through the night time, gradually increase from late morning 

and reach its peak around early afternoon hours before dropping down through the late 

afternoon period and reach its background level again at night.  

 The result confirms the general ozone concentration trend for weekday-

weekend made at various geographical sites by several researchers mentioned above. 

Detail study of weekday-weekend ozone level has not been carried out in this study 

because it is out of the scope of study.  
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4.2 The Study of the Relationship of Tropospheric Ozone to Its 

Precursors and Meteorological Factors 
 On the basis of the completion of data collected from all air quality stations, 

there are three stations selected for 2001, namely Dindang, National Housing 

Authority Khlong Chan, and Thonburi Highway stations; and one station selected for 

2003, namely Dindang station.  

 For 2001, the Dindang station represents the roadside location; the National 

Housing Authority Khlong Chan station represents an urban area, and finally the 

Thonburi Highway station represents the suburban site. For 2003, it was rather 

unfortunate that only the Dindang station can be used for the study because it has a 

complete set of data type collected.  

 This section summarizes locations and the surroundings of these air quality 

stations. Photographs of the surroundings of these stations were also presented, 

especially in the Northeast (NE), Northwest (NW), Southeast (SE) and Southwest (SW) 

directions.  

Results were presented in the form of table summarizing results achieved from 

correlation matrices of each station on 2001 and 2003. These tables show the 

correlation among tropospheric ozone and its precursors / meteorological factors on 

the four quadrants, i.e., NE, SE, SW and NW.  

 

4.2.1 The selected air quality stations 

 Dindang Air Quality Station 

  It is located on the South (S) side immediately next to the Dindang 

Road, a six-lane (both sides) traffic road (Figures 4.6 and 4.7). In general, the Dindang 

Road is one of the road that has heavy traffic all day. Following is a description of the 

station and its surrounding area. 

The Station: it is located on a small space bounded by two flats on the east (E) and 

west (W) sides with the Dindang Road located immediately to the north (N) and a 

passage way to other flats to the S of the station. 

To the N: A bus stop, Dindang Road with Phiboon Prachasan Public School on the 

otherside of the road. 

To the E: A flat; To the S: A passage to other flats; To the W: A flat. 
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Location of Air Quality Station: Dindang 

 
 

 
Figure 4.6 Satellite images over the Dindang Air Quality Station and its surroundings.  
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Looking NW 

 
Looking N  

 

 

 
Looking W 

 

Dindang Station, Looking N 

 

 
Looking NE and E 

 
 
 

 

 
Looking S 

 

 
Looking SE 

 

Figure  4.7 Dindang Air Quality Station: location and its surrounding area.  

 

 The National Housing Authority Air Quality Station 

(Figures 4.8 and 4.9): It is located near to the sport stadium on Soi Muban Kan 

Kheha 23. Following is a description of the station and its surrounding area. 

The Station: it is located on a small plot of land with open space to the N and W.  

To the N: 15 m to a village road aligned in E-W direction. There are houses across the 

road; 

To the E: A house located immediately to the E;  

To the S: less than 10 m away from the village road with a series of houses located 

next to the other side of the road.; 

To the W: An open space with some trees for approximately 40 m before reaching the 

village road.   
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Location of Air Quality Station: National Housing Authority, Khlong Chan.  
 

 
 

 
Figure 4.8 Satellite images showing a bird-eye’s view (upper) and a closed up 

view of the National Housing Authority Station and its surroundings.  
 

Air Quality Station
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Figure 4.9 National Housing Authority Air Quality Station: location and its 

surrounding area.  

 The Thonburi Highway Air Quality Station 

The Thonburi Highway Air Quality Station (Figures 4.8 and 4.9): It is located behind 

the office building of Krathumbaen Highway Branch Office, Office of the Eleventh 

Highway, the Highway Department. The Phetchakasem Road or Highway 4, a six-lane 

(both sides) traffic road, which runs approximately in the E-W direction, is aligned 

approximately 30 m S of the Thonburi Highway station. The Phetchakasem Road is 

one of the major roads connecting Bangkok to Nakhon Pathom Province and the 

southern and western parts of the country. Therefore, the traffic can be very heavy 

especially during the rush hours. Following is a description of the station and its 

surrounding area. 
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Location of Air Quality Station: Thonburi Highway Station. 
 

 
Figure 4.10 A satellite image showing a location of the Thonburi Highway Air Quality 

Station, Tambon Om Noi, Krathumbaen District, Samutsakhon Province. .  

 

The Station: it is located on a small space 25 m NE of the Highway Office. 

To the N: A Highway Patrol’s residential flat.  

To the E: A commercial building, 35 m away.  

To the S: Highway 4 (Phetchakasem Road), 30 m away, with commercial buildings 

and market on the S side of the highway. ; 

To the W: A commercial building, 50 m away. 

Thonburi Highway 
Air Quality Station 

Phetchakasem Road 

Buddha 
Monthon 



Thanikan Lapapipatt  Results and Discussion / 42 
 

 
 

 
Looking NW 

 

 

 
Looking N  

 

 

Looking NE 
 

 

 
Looking W 

 

 
Thonburi Highway Station, 

Looking S 

Looking E 
 

 
Looking SE 

 
Looking S Looking SW 

 

Figure 4.11 Thonburi Highway Air Quality Station: location and its surroundings.  
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4.2.2 Results from the Air Quality Stations 

 A total of 4841, 5371 and 6804 hours of data collected from Dindang, 

National Housing and Thonburi Highway stations in 2001; and another 7323 hours of 

data from the Dindang station in 2003,.are used in this study.  

Due to the values of the correlation coefficients achieved from 

correlation matrices, it could be divided into three levels: strong correlation (≥0.6); 

moderate (≥0.3 - <0.6); and weak (<0.3). 

 Note that the ranking was executed on both precursors and 

meteorological factors together because ozone formation tend to be related to both 

factors and could be related among each others. To consider these two types of factors 

separately would be unreasonable. 

 Dindang Air Quality Station: 

 In 2001, this roadside station has strong relationship of tropospheric 

ozone and the relative humidity (Table 4.1) as it shows moderate to strong correlation 

on all directions. Other factors that show moderate correlation to the tropospheric 

ozone formation include temperature (Temp), Global Solar Radiation (GR), Net Solar 

Radiation (NR) and NO2. The NW side of the station shows the strongest correlation 

between the tropospheric ozone to Temp and RH compared to other quadrant 

directions during the day time. Less correlation degrees were observed during the 

night time where pressure is the main influence to the formation of ozone.  

In 2003, the station indicates that strong correlation of tropospheric 

ozone to various factors is similar to those of 2001 for the day time. RH, NO, NO2, 

and Temp were among top factors with high correlation values to the formation of 

ozone (Table 4.2). However, NMHC is a factor that has obviously increased its 

ranking on the correlation to ozone formation in this site. .  

From the comparison between 2001 and 2003’s results, it is obvious 

that the NW quadrant of the station tends to have the highest correlation of ozone 

formation and the related factors.  

Note that the amount of rain measured at the air quality station is on a 

daily average basis, not the real hourly average basis.  
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Table 4.1 A summary of correlation coefficients of tropospheric ozone and its 

precursors / meteorological factors of the Dindang station during 2001. 

      0       
               
 Day Night Day Night  
               
 RH - 0.56240 Pressure  0.40365 RH - 0.59273 RH - 0.45730  
 Temp  0.48599 NO2  0.33056 NO - 0.40678 Pressure  0.41770  
 GR  0.41582 RH - 0.29494 GR  0.34682 NR - 0.40802  
 NR  0.40090 CO  0.29024 NOx - 0.33053 NO2  0.24880  
 NMHC  0.34782 NMHC  0.28483 CO - 0.30596 GR - 0.13825  
 NO - 0.26181 NOx  0.28119 NR  0.27943 CO  0.12220  
 NO2  0.25634 NO  0.26868 THC - 0.26745 NMHC  0.11889  
 Pressure  0.22662 THC  0.26536 Pressure  0.25718 Rain - 0.11270  
 NOx - 0.17359 WindDirect  0.23352 NO2  0.22604 WindSpeed - 0.08565  
 WindSpeed - 0.15089 NR - 0.22817 Temp  0.21586 NOx  0.06945  
 WindDirect - 0.12124 WindSpeed  0.17048 WindSpeed  0.08563 THC  0.06585  
 THC  0.11197 Rain - 0.10718 Rain - 0.08183 Temp  0.06277  
 Rain - 0.06727 Temp - 0.05424 WindDirect  0.06932 NO  0.04187  
 CO - 0.06621 GR - 0.01000 NMHC  0.05092 WindDirect - 0.00115  

                     270 
Day Night Day Night 

90 

               
 Temp  0.64669 Pressure  0.48231 RH - 0.48760 Pressure  0.48015  
 RH - 0.63896 NO2  0.27208 GR  0.37757 NR - 0.47011  
 GR  0.51693 NR - 0.23664 Temp  0.36309 RH - 0.46019  
 NR  0.49630 WindSpeed - 0.23531 NR  0.34437 NO2  0.30701  
 NO2  0.49254 RH - 0.16978 NO2  0.30124 Rain - 0.10348  
 Pressure  0.43938 WindDirect - 0.15435 NO - 0.24205 NO - 0.09483  
 WindSpeed - 0.30186 THC - 0.13499 Pressure  0.23954 THC - 0.08512  
 NOx  0.20554 NO - 0.06950 NMHC  0.16489 NMHC  0.07040  
 THC - 0.11493 Rain - 0.05497 NOx - 0.15650 GR - 0.05141  
 CO  0.08746 Temp - 0.04623 WindDirect  0.13514 NOx - 0.04806  
 WindDirect - 0.08239 GR - 0.03376 CO - 0.10512 CO - 0.04731  
 Rain - 0.06058 CO - 0.03344 Rain - 0.08855 WindSpeed  0.04075  
 NMHC  0.05636 NOx  0.00806 THC - 0.05979 Temp  0.01723  
 NO  0.02683 NMHC  0.00723 WindSpeed - 0.03806 WindDirect - 0.01193  
               
      180       
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Table 4.2 A summary of correlation coefficients of tropospheric ozone and its 

precursors / meteorological factors of the Dindang station during 2003. 

      0       
               
 Day Night Day Night  
               
 RH - 0.39659 Pressure - 0.30747 RH - 0.60026 Pressure - 0.30979  
 NO - 0.35395 CO  0.27257 NO - 0.53399 CO  0.19884  
 NO2  0.34732 WindSpeed  0.26440 NOx - 0.46426 WindSpeed  0.13508  
 NMHC - 0.31144 Temp  0.21185 NMHC - 0.39517 NO2  0.12531  
 Temp  0.28406 NOx  0.18115 CO - 0.38444 WindDirect  0.09675  
 NOx - 0.23099 NO2  0.17288 THC - 0.36815 NOx  0.07526  
 THC - 0.20426 NR  0.15298 Temp  0.27852 Temp  0.07396  
 CO - 0.15948 GR  0.14405 GR  0.21940 NR  0.06630  
 GR  0.12974 NO  0.14164 NR  0.20568 GR  0.05795  
 WindSpeed  0.11752 RH  0.06268 NO2  0.14648 NO  0.05499  
 NR  0.11659 Rain - 0.04093 Pressure - 0.13055 NMHC  0.04329  
 Pressure - 0.09543 NMHC - 0.02361 Rain - 0.07883 THC - 0.04325  
 Rain - 0.06364 THC - 0.01586 WindSpeed  0.06412 RH - 0.03778  
 WindDirect  0.03807 WindDirect  0.01549 WindDirect - 0.03876 Rain - 0.02952  

                     270 
Day Night Day Night 

90 

               
 Temp  0.63914 Pressure - 0.36047 Temp  0.52585 Pressure - 0.28271  
 RH - 0.60892 Temp  0.29578 RH - 0.49621 NMHC - 0.23190  
 NO2  0.45344 WindDirect - 0.26834 GR  0.43341 RH - 0.21555  
 GR  0.39744 NO - 0.22290 NR  0.43067 NO2  0.18460  
 NR  0.38573 NO2  0.22109 NO - 0.40902 NO - 0.16919  
 NMHC - 0.35857 NR - 0.17427 NMHC - 0.31575 Temp  0.16195  
 Pressure - 0.31873 NMHC - 0.13290 NO2  0.29475 CO  0.10951  
 NO - 0.22948 CO  0.13260 Pressure - 0.27343 THC - 0.10204  
 CO  0.19014 NOx - 0.10784 NOx - 0.26414 NOx - 0.09865  
 WindDirect - 0.18236 RH - 0.08340 THC - 0.24224 NR - 0.08751  
 THC - 0.16121 Rain - 0.05263 WindDirect  0.17925 WindDirect  0.05881  
 WindSpeed - 0.11497 THC  0.05067 CO - 0.11153 GR  0.04626  
 Rain - 0.09846 GR - 0.03585 WindSpeed - 0.09099 Rain - 0.02024  
 NOx - 0.03931 WindSpeed  0.01913 Rain - 0.03358 WindSpeed  0.01192  
               
      180       
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  National Housing Khlong Chan Air Quality Station. 

 

  This urban station reveals data that show high to moderate correlation 

level on all quadrants during the day time Table 4.3. Factors that yield high 

correlations include: RH, NR, GR, Temp and NOx. On contrary, the night time ones 

show low correlation to another set of factors, i.e., NO, NMHC, THC and wind speed.  

  The result indicates that precursors have more relationship to the 

tropospheric formation than the roadside Dindang station. In addition, the SW 

quadrant of the station shows the least correlation coefficients of tropospheric ozone to 

its precursors and meteorological factors. The result is contradicted to what have been 

expected, i.e., the station is located to the NE of BMR, therefore, the highest 

correlation quadrant should be the SW because it faces the BMR side. The effect of 

traffic from local main road located to the N and its secondary road located along the 

E side of the station may have caused this phenomenon.  

 

  Thonburi Highway Air Quality Station 

 

  During the day time, this suburban site shows strong correlation 

between tropospheric ozone formation to certain factors, which are RH, NO, NOx, 

GR, Temp and NR (Table 4.4). It is interesting to see that RH has the highest 

correlation in the northern side of the station, whereas NO controlled the southern part, 

which is bounded by the Phetchakasem highway. During the night time, it shows 

moderate correlation between ozone formation and certain factors, which include NO, 

NOx, Perssure, RH and TH. The result shows NO and NOx in the suburban area have 

higher relationship to the formation of tropospheric ozone.  

  The NE quadrant of the station shows the highest correlation to the 

formation of tropospheric ozone. The station is located to the SE of BMR, therefore, 

the NE part of the station may have been directly contributed by the precursors blown 

in from BMR. In addition, the NE side of the station has an open path between 

building to let the air flow through. The NW quadrant is blocked by high building and 

the S side is bounded by the Phetkasem Highway.  
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In summary, tropospheric ozone formation of Bangkok Metropolitan and its 

suburban area has varied from place to place due to the locations, its surroundings and 

human activities. The observed pattern shows that ozone formation rate occurred in 

the suburban area where precursors have been used for the formation process is higher 

than that of the urban area. The roadside area shows the lowest rate of ozone formation 

and the amount of precursors being used is minimal.  

 The relationship among different quadrants of air quality station and ozone 

level is still unclear. The Thonburi Highway station is the only one that may present 

the result of tropological influence through the NE quadrant of the station where it 

shows the highest correlation coefficients. Such relationship is rather low on the other 

two stations. This may due to the fact that the study uses annual average instead of 

seasonal average. The latter would clearly involve seasonal wind that may carry 

tropospheric precursors to different sites at different time of year.  

However, there is an unclear relationship between air quality station’s 

locations and wind direction from this study. The evidence may have been caused by 

data supplied to this study are those collected at 10 m above ground. Such data would 

give an unstable result unless the data have been collected at a higher level than the 

one being used, i.e., 50 m above ground (PCD, 2001c)  
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Table 4.3 A summary of correlation coefficients of tropospheric ozone and its 

precursors / meteorological factors of the National Housing station during 

2001. 

      0       
               
 Day Night Day Night  
               
 Temp  0.66250 Rain  0.22247 RH - 0.67432 NMHC - 0.29886  
 RH - 0.63606 WindSpeed  0.19335 NR  0.55931 NO - 0.24537  
 NR  0.53588 THC - 0.13205 GR  0.55242 THC - 0.23910  
 GR  0.48754 NO - 0.09460 Temp  0.52338 NOx - 0.23822  
 NOx - 0.37459 Pressure  0.07450 NOx - 0.52049 NO2 - 0.15307  
 THC - 0.36623 CO  0.06228 THC - 0.51143 CO - 0.14983  
 NO - 0.36147 NOx - 0.05990 NO - 0.49431 GR  0.12832  
 CO - 0.32343 Temp  0.05810 NMHC - 0.45649 Pressure  0.11514  
 NMHC - 0.30919 RH - 0.05387 NO2 - 0.39613 Rain  0.09638  
 NO2 - 0.23755 NMHC - 0.04672 CO - 0.38823 WindDirect  0.08582  
 WindDirect - 0.12661 GR  0.03006 Pressure  0.24259 Temp - 0.08133  
 WindSpeed  0.11766 WindDirect - 0.02519 WindDirect  0.05458 RH - 0.07871  
 Rain - 0.11087 NO2  0.01447 WindSpeed  0.03159 NR - 0.04885  
 Pressure - 0.08365 NR  0.00842 Rain - 0.02920 WindSpeed  0.03030  

                     270 
Day Night Day Night 

90 

               
 RH - 0.64094 THC - 0.39974 RH - 0.69466 NO - 0.42888  
 NR  0.51155 NMHC - 0.34036 Temp  0.66448 NOx - 0.39926  
 GR  0.49766 WindDirect - 0.32446 NR  0.55331 WindSpeed  0.33243  
 NOx - 0.39141 NO - 0.31435 NOx - 0.54792 NMHC - 0.32768  
 NO - 0.36812 NOx - 0.30260 NO - 0.51651 THC - 0.31411  
 Temp  0.36340 WindSpeed  0.27473 GR  0.50980 Temp  0.30141  
 THC - 0.33555 NR - 0.25842 THC - 0.43289 CO - 0.20061  
 CO - 0.30438 CO - 0.25282 NO2 - 0.38535 NO2 - 0.18965  
 NMHC - 0.29461 Temp  0.21057 CO - 0.33376 GR  0.16117  
 NO2 - 0.25469 RH - 0.20254 NMHC - 0.25871 RH - 0.12307  
 Pressure  0.23365 NO2 - 0.10989 WindDirect  0.08615 WindDirect  0.11876  
 WindDirect - 0.09554 GR  0.08337 Rain - 0.08125 NR - 0.10639  
 Rain - 0.05105 Pressure  0.04968 WindSpeed  0.05507 Rain  0.02225  
 WindSpeed  0.00673 Rain  0.01772 Pressure  0.01543 Pressure  0.02224  
               
      180       
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Table 4.4 A summary of correlation coefficients of tropospheric ozone and its 

precursors / meteorological factors of the Thonburi Highway station during 

2001. 

 

 

 

 

      0       
               
 Day Night Day Night  
               
 RH - 0.74101 NOx - 0.45073 RH - 0.77628 NO - 0.38677  
 Temp  0.54381 RH - 0.43187 GR  0.66018 NOx - 0.33717  
 GR  0.46315 NO - 0.43014 NO - 0.61787 RH - 0.31414  
 NO - 0.45600 THC - 0.41739 Temp  0.60998 Pressure  0.26910  
 THC - 0.38692 Pressure  0.33358 NR  0.60817 NR - 0.26452  
 NR  0.37978 NO2 - 0.29891 NOx - 0.55072 WindSpeed  0.21138  
 NOx - 0.37211 WindSpeed  0.25861 THC - 0.51846 THC - 0.20277  
 NO2 - 0.19639 NR - 0.21886 NMHC - 0.44417 Temp - 0.16655  
 NMHC - 0.16751 NMHC - 0.18665 WindSpeed  0.28625 CO - 0.14141  
 Pressure - 0.14573 CO - 0.17269 NO2 - 0.20675 NMHC - 0.13311  
 WindSpeed  0.09492 Temp - 0.11359 WindDirect - 0.20026 Rain  0.10305  
 Rain - 0.09385 GR - 0.06106 Pressure  0.11408 NO2 - 0.06967  
 CO - 0.08324 Rain  0.06070 Rain - 0.07598 WindDirect - 0.04463  
 WindDirect - 0.07262 WindDirect  0.01016 CO - 0.01906 GR - 0.00446  

                     270 
Day Night Day Night 

90 

               
 NO - 0.61357 Pressure  0.45239 NO - 0.60209 NO - 0.37757  
 NOx - 0.46833 NO - 0.40577 RH - 0.59015 NO2  0.37215  
 RH - 0.37456 NMHC  0.35035 Temp  0.51108 Pressure  0.21770  
 Temp  0.31926 NO2  0.28763 NR  0.43421 WindSpeed  0.20923  
 WindDirect  0.30413 THC  0.26312 GR  0.40245 NOx - 0.11587  
 WindSpeed - 0.23318 RH - 0.22858 NO2  0.37000 GR  0.11459  
 NR  0.21575 NR - 0.21152 THC - 0.28855 THC - 0.10979  
 GR  0.21496 NOx - 0.20979 NMHC - 0.26239 NR - 0.09634  
 NMHC - 0.09821 Temp - 0.17904 NOx - 0.20859 RH - 0.07890  
 THC - 0.08604 WindSpeed - 0.16856 WindDirect - 0.13218 NMHC  0.07640  
 CO - 0.06107 WindDirect  0.12233 CO - 0.07906 Temp  0.04229  
 NO2 - 0.04909 CO  0.11278 Rain - 0.04514 WindDirect - 0.03934  
 Rain  0.02174 Rain  0.02457 Pressure  0.01027 CO - 0.01719  
 Pressure  0.01477 GR - 0.00761 WindSpeed  0.00994 Rain - 0.00133  
               
      180       
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4.3 Multiple Regression Analysis 
 
 4.3.1 Approach 

  This section aimed to understand relationship of ozone among various 

parameters on different locations, time (day and night) and environs (four quadrants) 

via the construction of multivariate equations.  

  Multiple regression analysis of this study was carried out in three steps.  

- For each of the air quality station: day, night, and each of the 

four quadrants (NE, NW, SE, SW), the first step involved the 

calculation of the significance F values (= 1-α = 0.99). For any 

parameter to have a relationship with ozone, the confidence level must 

exceed 0.99. Therefore, the acceptable value for the Significance F 

value must be less than 0.01 to be considered as “rejection of null 

hypothesis”. 

- The second step involved the selection of coefficients. This 

step involved the picking of those parameters of which P-value must be 

less than 0.01. Then construct the multiple regression equations using 

coefficient values that fitted to the second step. 

- Finally, consider the “R-square” and “Adjusted R-square” 

values. The derived equations can represent an overall correlation 

between ozone and related parameters on the basis of the Adjust R-

square value. The remaining part (1-Adjusted R-square) represent the 

value indicating amount of other factors influencing the formation of 

ozone.  

  The statistical calculations were carried out using MS Excel software. 

In order to understand how the equations were constructed, Table 4.5. was presented 

below.  
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Table 4.5 Example of multiple regression analysis result of Dindang Air Quality 

Station measured on the NE quadrant (000-090 azimuth), day time.  

 

DD_0-90_Day2001 

 
Standard Erro 2.916069
Observations 478

ANOVA
df SS MS F Significant F

Regression 14 5226.488 373.3206 43.9022 9.54E-76
Residual 463 3937.102 8.50346
Total 477 9163.59

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0%
Intercept 36.32062 26.64695 1.363031 0.173535 -16.0433 88.68454 -32.60156 105.2428
CO -0.050696 0.200317 -0.253078 0.80032 -0.444339 0.342947 -0.568815 0.467423
THC -0.318924 0.293754 -1.085684 0.278184 -0.896179 0.258332 -1.078716 0.440869
NMHC 0.575841 0.133548 4.311874 1.98E-05 0.313406 0.838275 0.230421 0.921261
NO 0.095253 0.044446 2.143099 0.032626 0.007911 0.182594 -0.019707 0.210213
NO2 0.158473 0.045675 3.4696 0.00057 0.068718 0.248228 0.040336 0.27661
Nox -0.10826 0.044677 -2.423199 0.015767 -0.196054 -0.020466 -0.223816 0.007295
GR 0.029695 0.005149 5.767134 1.48E-08 0.019577 0.039813 0.016377 0.043013
NR -0.024772 0.005387 -4.598554 5.5E-06 -0.035358 -0.014186 -0.038706 -0.010839
Temp -0.116306 0.068359 -1.701387 0.089542 -0.250638 0.018027 -0.293116 0.060505
Pressure -0.0286 0.03325 -0.860166 0.390143 -0.093939 0.036739 -0.1146 0.0574
Rain 0.262489 0.17352 1.512726 0.131031 -0.078496 0.603474 -0.186321 0.711298
RelaHumid -0.107855 0.016349 -6.596931 1.15E-10 -0.139983 -0.075727 -0.150142 -0.065568
WindSpeed 0.191329 0.373575 0.512158 0.608785 -0.542783 0.925441 -0.77492 1.157579
WindDirect 0.003466 0.004921 0.704267 0.481621 -0.006204 0.013135 -0.009262 0.016193

 
Interpretation: Ozone formation is moderately related to the NMHC, NR, NO2 & RH.  
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 4.3.2 Results 

 The results achieved from multiple regression analysis were 

summarized below and in Table 4.6. A summary of ozone – parameters equations for 

each of the air quality control stations during day and night of all 4 quadrants are listed 

as follow:  

  It is interesting to see that results from the Thonburi Highway air 

quality station shows the highest adjusted r-square values during the day time with the 

National Housing ranked second with not much behind. The Dindang station reveals 

the least correlation among these three stations even though not much. 

  There was less correlation of ozone formation and its parameters during 

the night time, even though the results from the Thonburi Highway give a relatively 

values higher than the other two stations. Note that the results clearly show that high 

correlation values only occurred in the SW, SE and NE direction where open spaces 

are presented to the NW with the Phetchakasem road bound to the south of the station.  

  The Thonburi Highway shows the highest number of parameters that 

would be strongly related to the formation of ozone, especially during the day time, 

with the National Housing station stayed very close to it. The Dindang station shows 

the least correlated parameters among parameters and ozone formation. This confirms 

the phenomenon that the Dindang station is a road-side site that most parameters have 

no time to form much of ozone for the area. These parameters must be transported to 

other sites before it starts to form ozone.   

  RH, T, NMHC and CO seemed to have much influence on ozone 

formation at the road-side and suburban site.  

  In addition, the result of the Dindang station achieved from years 1999 

and 2003 reveals that the correlation between ozone formation and its precursors was 

slightly increased. This may result from the increase amount of precursors caused 

from the increase level of traffic from 1999 to 2003.   

 In summary, the result confirms ozone formation characteristics that ozone 

formation is closely related to a number of precursors, i.e., generated as a result of 

heavy traffic in Bangkok. Such precursors were carried away by the wind from the 

centre of the city to the suburban or outskirt of Bangkok before it finally formed ozone 

during the day time.  
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

5.1 Conclusions 

 
Tropospheric ozone in the BMR has been under an investigation in this study 

in hope to establish the relationship between the ozone and its precursors/ 

meteorological factors, as well as the characteristics of the tropospheric and 

background ozone in the BMR. 

 Data used in this study were collected over a period of 5 years (1999 – 2003) 

from 11 air quality monitoring stations sparsely distributed throughout the BMR. 

These stations are divided into three types, which are the roadside (3 stations); the 

urban (5 stations) and the suburban (3 stations). The result of this study can be 

summarized as follow: 

1. The study on characteristics of tropospheric ozone and background ozone: 

The annual average ozone values from this study reveal that a general 

characteristic ozone values normally reach its maximum in winter, then 

gradually decreased and drop down to its minimum in rainy season. 

2. Diurnal variation tends to be highly related to the sunlight intensity 

throughout the day, with the help of precursors generated from human 

activities. As a result, ozone level gradually increases from the start of the 

weekday and stay high around Friday and over the weekend.  

3. Meteorological parameters, i.e., monsoonal rain and wind have also 

influenced the characteristic of tropospheric ozone in BMR. The result 

clearly shows that it needs a certain distance from the precursors that 

generated from the traffic to change to ozone in different locations away 

from where the precursors were generated.  
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4. The result on the correlation of ozone level and four quadrants of air 

quality station (NE, SE, SW and NW) is still unclear due to the fact that the 

study based on an annual average values rather than seasonal average 

values.   

5. Top parameters involved in ozone formation during the day time include 

the relative humidity (RH), the net and the global solar radiation (NR & 

GR), NOx NO. On contrary, only NOx and NO seem to relate to the 

existence of ozone during the night time.  

6. Under the condition that a 99.99% confident level is being applied in the 

multiple regression analysis, the findings are given as follow:  

- Among the precursors, those related to the hydrocarbon group, 

which are NMHC, THC and CO, respectively, have high 

influence on ozone formation. 

- P and RH are the two most influence, among other meteorological 

factors on ozone formation.  

 

5.2 Recommendations  

 
In order to help in better understand of the long-term characteristic and trend of 

tropological ozone and its precursors / meteorological parameters in the BMR area, it 

is necessary to add the following lists for the future work.  

1. It is necessary to have a longer period of data collection than it has been 

used in this study.  

2. It requires certain number of sites, with appropriately distributed 

throughout the BMR with complete sets recorded parameters required for 

the study. One should also consider the expansion rate of BMR and stations 

classification, e.g., urban, suburban, etc. Seasonal based average ozone 

values should be used for the study on the correlation of ozone level and 

the four quadrants surrounding the air quality station. 

3. It is recommend to include biogenic factors in future study for a better 

understanding of ozone formation in Thailand. 
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APPENDIX A 
ANNUAL OZONE VARIATION 1999-2003 

 
Enlarged view of graphs presented in Figure 4.1: Roadside Area (A, B and C) 
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Enlarged view of graphs presented in Figure 4.1: Roadside Area (D, E and F). 
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Enlarged view of graphs presented in Figure 4.1: Urban Area (G and H). 
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Enlarged view of graphs presented in Figure 4.1: Suburban Area (I, J and K) 
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APPENDIX B 
DIURNAL AND SEASONAL OZONE VARIATION 1999 AND 2003 

 
Enlarge views of graphs presented in Figure 4.2: Road side Area (A, B and C). 
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 Enlarge views of graphs presented in Figure 4.2: Urban Area (D, E and F) 
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 Enlarge views of graphs presented in Figure 4.2: Urban Area (G and H) 

G Ratburana_Seasonal-Diurnal_Trend
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 Enlarge views of graphs presented in Figure 4.2: Suburban Area (I, J and K). 
I Rangsit_Seasonal-Diurnal_Trend
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APPENDIX C 
DAYTIME AND BACKGROUND OZONE VARIATION 1999 AND 2003 

 
        Enlarge views of graphs presented in Figure 4.3: Road side Area (A, B and C). 
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 Enlarge views of graphs presented in Figure 4.3: Urban Area (D, E and F). 
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        Enlarge views of graphs presented in Figure 4.3: Urban Area (G and H). 
G Ratburana_Background_Photo_time
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        Enlarge views of graphs presented in Figure 4.3: Suburban Area (I, J and K). 
I Rangsit_Background_Photo_time
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APPENDIX D : CORRELATION ANALYSIS RESULTS 
Table D1: DD_0-90_Day2001. Correlation coefficient result for Dindang Air Quality Station 

measured on the NE quadrant (000 - 090 azimuth), day time. 
  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 

O3 1               
CO -0.3060 1              
THC -0.2675 0.9019 1             
NMHC 0.0509 0.5037 0.5852 1            
NO -0.4068 0.8346 0.8351 0.3809 1           
NO2 0.2260 0.4973 0.5372 0.2555 0.4160 1          
Nox -0.3305 0.8488 0.8566 0.3936 0.9856 0.5622 1         
GR 0.3468 -0.2163 -0.1579 0.0137 -0.2657 0.0339 -0.2356 1        
NR 0.2794 -0.2135 -0.1682 -0.0140 -0.2684 0.0034 -0.2437 0.9824 1       
T 0.2159 -0.1989 -0.2176 -0.2726 -0.3110 0.0504 -0.2727 0.3380 0.3489 1      
P 0.2572 0.0062 0.0717 0.3576 0.0652 0.1049 0.0781 -0.1192 -0.1907 -0.3357 1     
R -0.0818 0.1030 0.0494 0.0511 0.1128 -0.0027 0.0986 -0.0757 -0.0652 -0.1394 -0.0062 1    
RH -0.5927 0.3503 0.3554 0.1419 0.3693 -0.2083 0.2982 -0.0864 -0.0230 -0.3652 -0.4212 0.2516 1   
WS 0.0856 -0.3203 -0.2512 -0.0763 -0.2920 -0.3559 -0.3336 0.0652 0.0551 -0.0312 0.1657 -0.0091 -0.0636 1  
WD 0.0693 -0.2229 -0.1684 -0.1364 -0.2995 -0.2738 -0.3258 -0.0310 -0.0308 0.0761 0.0422 0.0031 -0.0778 0.3385 1 

Table D2: DD_0-90_Night2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the NE quadrant (000 - 090 azimuth), night time. 

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1222 1              
THC 0.0658 0.8162 1             
NMHC 0.1189 0.3905 0.5096 1            
NO 0.0419 0.8594 0.8271 0.2485 1           
NO2 0.2488 0.6789 0.6533 0.2252 0.6885 1          
Nox 0.0695 0.8676 0.8354 0.2556 0.9942 0.7602 1         
GR -0.1382 0.1682 0.2283 0.3868 0.1324 -0.0246 0.1146 1        
NR -0.4080 -0.0278 -0.0332 -0.0081 -0.0778 -0.3589 -0.1204 0.6338 1       
T 0.0628 0.3044 0.2785 -0.0250 0.2037 0.2465 0.2199 -0.1606 -0.0823 1      
P 0.4177 0.1155 0.0409 0.3022 0.0449 0.3436 0.0896 -0.2948 -0.6511 0.0073 1     
R -0.1127 -0.1217 -0.1054 0.0097 -0.1544 -0.1527 -0.1611 0.0853 0.1994 -0.1344 -0.0367 1    
RH -0.4573 -0.1437 -0.0596 -0.1465 -0.0864 -0.4872 -0.1477 0.4042 0.8362 -0.2195 -0.7713 0.1861 1   
WS -0.0856 -0.1057 0.0014 -0.2077 -0.0212 -0.1978 -0.0469 -0.0660 0.1863 0.0149 -0.3322 -0.1002 0.3669 1  
WD -0.0011 -0.1838 -0.1410 -0.0612 -0.2663 -0.2404 -0.2726 0.0131 0.1066 0.0989 -0.1351 -0.0657 0.1269 0.1022 1 

Table D3: DD_91-180_Day2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the SE quadrant (091 - 180 azimuth), day time. 

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.1051 1              
THC -0.0598 0.8401 1             
NMHC 0.1649 0.6025 0.7963 1            
NO -0.2420 0.7108 0.5606 0.3341 1           
NO2 0.3012 0.5878 0.4964 0.4305 0.5014 1          
Nox -0.1565 0.7457 0.5940 0.3806 0.9854 0.6408 1         
GR 0.3776 -0.1284 -0.1400 0.0491 -0.1026 0.0862 -0.0740 1        
NR 0.3444 -0.1257 -0.1454 0.0302 -0.1113 0.0596 -0.0869 0.9820 1       
T 0.3631 -0.0629 -0.1262 -0.0056 -0.2765 0.0114 -0.2426 0.3213 0.3561 1      
P 0.2395 -0.0094 0.0041 0.3088 0.1344 0.2561 0.1698 0.1574 0.1016 -0.1118 1     
R -0.0886 0.0087 -0.0207 -0.0431 -0.0409 -0.0382 -0.0437 -0.0975 -0.0887 -0.1130 -0.0389 1    
RH -0.4876 0.2595 0.3751 0.0758 0.1482 -0.1887 0.0947 -0.1758 -0.1347 -0.3554 -0.4685 0.1800 1   
WS -0.0381 -0.3664 -0.4881 -0.3537 -0.0272 -0.1687 -0.0567 0.0494 0.0190 -0.1725 0.2142 -0.0443 -0.3084 1  
WD 0.1351 0.0540 0.3190 0.3156 -0.3578 -0.0721 -0.3322 0.0123 0.0213 0.1517 -0.1173 -0.0033 0.2381 -0.6522 1 

Table D4: DD_91-180_Night2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the SE quadrant (000 – 090 azimuth), night time. 

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0473 1              
THC -0.0851 0.6490 1             
NMHC 0.0704 0.2237 0.6960 1            
NO -0.0948 0.6474 0.3856 0.0145 1           
NO2 0.3070 0.5744 0.3380 0.1176 0.5066 1          
Nox -0.0481 0.6756 0.4018 0.0285 0.9936 0.6007 1         
GR -0.0514 0.2668 0.3687 0.3952 0.0592 0.1021 0.0681 1        
NR -0.4701 0.1801 0.1864 0.0160 0.0580 -0.3211 0.0115 0.4995 1       
T 0.0172 0.2864 0.3553 0.1528 -0.0034 0.1196 0.0130 -0.0309 -0.0225 1      
P 0.4802 -0.0798 -0.1328 0.2014 -0.0158 0.3551 0.0318 -0.1534 -0.6596 -0.0208 1     
R -0.1035 -0.0697 -0.1133 -0.0391 -0.0976 -0.1709 -0.1132 -0.0148 0.2005 -0.1652 -0.0494 1    
RH -0.4602 0.0818 0.1449 -0.0009 0.0163 -0.4065 -0.0383 0.3203 0.8350 -0.1260 -0.7187 0.2161 1   
WS 0.0408 -0.1528 -0.1746 -0.2165 0.0533 -0.1265 0.0329 -0.2246 -0.0922 -0.1721 -0.0512 -0.0687 -0.1047 1  
WD -0.0119 -0.1107 0.2189 0.3139 -0.4410 -0.0566 -0.4165 0.2750 0.0965 0.3352 0.0019 -0.0030 0.1237 -0.4545 1 
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Table D5: DD_181-270_Day2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the SW quadrant (181 - 270 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.0875 1              
THC -0.1149 0.1242 1             
NMHC 0.0564 -0.0818 0.7787 1            
NO 0.0268 0.4335 0.0812 -0.0789 1           
NO2 0.4925 0.4942 0.0636 -0.0991 0.4437 1          
Nox 0.2055 0.5212 0.0870 -0.0985 0.9416 0.7194 1         
GR 0.5169 -0.0139 -0.1072 0.0277 0.1226 0.1409 0.1476 1        
NR 0.4963 -0.0064 -0.1136 0.0055 0.1152 0.1294 0.1376 0.9883 1       
T 0.6467 0.0340 -0.1034 0.0398 -0.1458 0.2171 -0.0313 0.5257 0.5157 1      
P 0.4394 0.0459 -0.0391 0.1675 0.1602 0.2557 0.2204 0.2684 0.2224 0.2331 1     
R -0.0606 0.0824 -0.0904 -0.1129 0.1203 0.0167 0.1001 -0.0916 -0.0840 -0.1554 -0.0652 1    
RH -0.6390 -0.0035 0.0737 -0.1362 0.0449 -0.2678 -0.0660 -0.4081 -0.3789 -0.8053 -0.5347 0.1931 1   
WS -0.3019 -0.0700 0.0107 -0.1646 -0.1010 -0.1195 -0.1232 -0.2973 -0.2834 -0.3152 -0.3206 -0.0403 0.2681 1  
WD -0.0824 -0.0001 -0.0031 0.0015 0.1441 -0.0465 0.0936 0.0807 0.0815 -0.0857 -0.2698 0.0119 0.0486 0.3095 1 

Table D6: DD_181-270_Night2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the SW quadrant (181 - 270 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0334 1              
THC -0.1350 0.2971 1             
NMHC 0.0072 0.0654 0.7521 1            
NO -0.0695 0.3618 0.1031 -0.1289 1           
NO2 0.2721 0.4526 0.2414 0.0414 0.3975 1          
Nox 0.0081 0.4293 0.1501 -0.1027 0.9729 0.5987 1         
GR -0.0338 -0.0251 0.1159 0.1574 -0.0042 -0.1050 -0.0305 1        
NR -0.2366 -0.0067 0.0285 -0.0759 0.0927 -0.2382 0.0205 0.6095 1       
T -0.0462 0.2431 0.2580 0.1858 -0.2982 0.1123 -0.2324 -0.0430 -0.2376 1      
P 0.4823 0.1227 -0.0885 0.1018 0.0317 0.4087 0.1308 -0.1425 -0.4837 -0.0146 1     
R -0.0550 -0.0020 -0.0525 -0.0794 0.0517 0.0034 0.0461 -0.0312 0.1543 -0.2350 -0.1686 1    
RH -0.1698 -0.0868 -0.0710 -0.1749 0.1521 -0.2497 0.0698 -0.0319 0.3898 -0.5598 -0.3205 0.3025 1   
WS -0.2353 -0.0853 0.0308 -0.0759 -0.0901 -0.1158 -0.1079 0.0489 0.2703 -0.0842 -0.3478 0.0169 0.1884 1  
WD -0.1543 -0.1546 -0.0669 -0.0376 -0.0694 -0.2727 -0.1294 0.1602 0.1968 -0.0335 -0.3496 -0.0178 -0.1940 0.1349 1 

Table D7: DD_271-360_Day2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the NW quadrant (271 - 360 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0662 1              
THC 0.1120 0.5442 1             
NMHC 0.3478 0.1733 0.7190 1            
NO -0.2618 0.7967 0.3283 -0.0322 1           
NO2 0.2563 0.5310 0.2542 0.0159 0.5133 1          
Nox -0.1736 0.8038 0.3333 -0.0312 0.9803 0.6656 1         
GR 0.4158 -0.2892 -0.1823 0.0977 -0.2958 -0.1768 -0.2941 1        
NR 0.4009 -0.3021 -0.1951 0.0784 -0.3027 -0.1921 -0.3038 0.9911 1       
T 0.4860 -0.2542 -0.1466 0.0778 -0.3791 -0.0279 -0.3343 0.6297 0.6407 1      
P 0.2266 0.2645 0.1578 0.2592 0.2954 0.4146 0.3439 -0.1383 -0.1756 -0.2303 1     
R -0.0673 -0.0038 -0.0536 -0.0274 -0.0360 -0.0774 -0.0484 -0.1071 -0.1063 -0.1749 0.0019 1    
RH -0.5624 0.0770 0.0556 -0.1270 0.1704 -0.3357 0.0738 -0.3015 -0.2786 -0.6376 -0.3746 0.1876 1   
WS -0.1509 -0.0490 -0.2739 -0.1960 0.0868 0.0031 0.0797 -0.1193 -0.1241 -0.1265 0.1584 0.0214 -0.1367 1  
WD -0.1212 0.4795 0.0070 -0.1300 0.7047 0.5420 0.7352 -0.2608 -0.2637 -0.3231 0.3215 -0.0234 0.0583 0.2904 1 

 
Table D8: DD_271-360_Night2001. Correlation coefficient result for Dindang Air Quality Station 
measured on the NW quadrant (271 - 360 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.2902 1              
THC 0.2654 0.7418 1             
NMHC 0.2848 0.1928 0.5871 1            
NO 0.2687 0.8926 0.6124 0.0206 1           
NO2 0.3306 0.8680 0.6843 0.1128 0.8334 1          
Nox 0.2812 0.9061 0.6327 0.0354 0.9960 0.8747 1         
GR -0.0100 -0.1466 0.0152 0.2070 -0.2744 -0.2176 -0.2760 1        
NR -0.2282 -0.2236 -0.1283 0.0565 -0.2913 -0.3915 -0.3174 0.6658 1       
T -0.0542 -0.0229 0.1765 0.1575 -0.2260 -0.0642 -0.2103 0.2404 0.0696 1      
P 0.4037 0.3635 0.2177 0.2283 0.3929 0.4077 0.4058 -0.2704 -0.5350 -0.3259 1     
R -0.1072 -0.0143 -0.0226 0.0199 -0.0328 -0.0605 -0.0374 -0.0032 0.2216 -0.0831 -0.1154 1    
RH -0.2949 -0.2693 -0.2354 -0.1253 -0.2246 -0.4568 -0.2640 0.1370 0.6897 -0.2689 -0.5501 0.2995 1   
WS 0.1705 0.0518 -0.0995 -0.1378 0.1069 0.1636 0.1231 -0.1017 -0.2097 -0.2395 0.2538 -0.0099 -0.2156 1  
WD 0.2335 0.4959 0.1670 -0.0979 0.6906 0.4920 0.6806 -0.4553 -0.3026 -0.5771 0.4324 0.0479 -0.0501 0.3024 1 
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Table D9: NH_0-90_Day2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the NE quadrant (000 - 090 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.3882 1              
THC -0.5114 0.6188 1             
NMHC -0.4565 0.5561 0.7580 1            
NO -0.4943 0.6987 0.6106 0.5585 1           
NO2 -0.3961 0.6542 0.5523 0.5001 0.5168 1          
Nox -0.5205 0.7763 0.6703 0.6114 0.9264 0.8008 1         
GR 0.5524 -0.4434 -0.3786 -0.2812 -0.3586 -0.4467 -0.4476 1        
NR 0.5593 -0.4280 -0.3834 -0.3085 -0.3738 -0.4483 -0.4584 0.8439 1       
T 0.5234 -0.3227 -0.2454 -0.0725 -0.4591 -0.3334 -0.4675 0.4859 0.5343 1      
P 0.2426 -0.1109 -0.3116 -0.4795 -0.0420 -0.1054 -0.0760 0.1733 0.1058 -0.4316 1     
R -0.0292 -0.0131 -0.0139 -0.0209 0.0103 0.0297 0.0192 -0.0764 -0.0651 -0.1199 -0.0325 1    
RH -0.6743 0.3140 0.4381 0.2467 0.4952 0.4291 0.5350 -0.5092 -0.4901 -0.7298 0.0056 0.0993 1   
WS 0.0316 -0.2113 -0.1590 -0.0339 -0.3027 -0.3746 -0.3760 0.2964 0.3143 0.4049 -0.2226 0.0885 -0.3975 1  
WD 0.0546 0.0055 0.0283 0.0142 0.0027 -0.1662 -0.0710 0.1186 0.0853 -0.0102 0.1501 -0.0008 -0.1033 0.3389 1 

Table D10: NH_0-90_Night2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the NE quadrant (000 - 090 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.1498 1              
THC -0.2391 0.6154 1             
NMHC -0.2989 0.6813 0.6506 1            
NO -0.2454 0.7891 0.5850 0.6017 1           
NO2 -0.1531 0.6547 0.4735 0.3309 0.6143 1          
Nox -0.2382 0.8181 0.6026 0.5699 0.9677 0.7932 1         
GR 0.1283 0.0188 -0.0451 -0.1067 0.0664 -0.0590 0.0315 1        
NR -0.0489 -0.1444 -0.1723 -0.1778 -0.0213 -0.2257 -0.0887 0.3890 1       
T -0.0813 -0.1025 -0.2056 0.0163 -0.2281 -0.1685 -0.2295 -0.0478 0.2255 1      
P 0.1151 0.2186 0.2008 -0.0636 0.1947 0.4642 0.2987 -0.0026 -0.4046 -0.5452 1     
R 0.0964 -0.0570 -0.0704 -0.0458 -0.0474 -0.0637 -0.0569 -0.0110 0.0802 -0.0275 0.0034 1    
RH -0.0787 -0.0676 0.0811 -0.1984 0.2128 0.0723 0.1870 0.1170 0.2349 -0.5108 0.2519 0.0297 1   
WS 0.0303 -0.2372 -0.2925 -0.0403 -0.3894 -0.3971 -0.4271 -0.1174 0.1055 0.5651 -0.4603 0.0156 -0.6238 1  
WD 0.0858 -0.0739 0.0574 -0.0740 -0.0908 -0.1338 -0.1127 0.0463 -0.0260 0.0243 -0.0654 0.0080 -0.2070 0.2785 1 

Table D11: NH_91-180_Day2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the SE quadrant (091 - 180 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.3338 1              
THC -0.4329 0.5006 1             
NMHC -0.2587 0.3638 0.6006 1            
NO -0.5165 0.5049 0.5575 0.3714 1           
NO2 -0.3853 0.5598 0.4119 0.1633 0.3746 1          
Nox -0.5479 0.6417 0.5870 0.3268 0.8405 0.8165 1         
GR 0.5098 -0.3767 -0.2119 -0.0644 -0.2712 -0.4216 -0.4154 1        
NR 0.5533 -0.3379 -0.2983 -0.1603 -0.2880 -0.4461 -0.4396 0.8536 1       
T 0.6645 -0.3014 -0.3921 -0.2386 -0.4848 -0.3411 -0.5018 0.5281 0.6182 1      
P 0.0154 -0.0320 0.0079 -0.1194 0.0109 -0.0836 -0.0404 0.1701 0.0834 -0.3270 1     
R -0.0812 0.0090 0.0218 -0.0576 0.0276 0.0883 0.0699 -0.1085 -0.0980 -0.1369 -0.0366 1    
RH -0.6947 0.2940 0.4520 0.1349 0.4563 0.3748 0.5035 -0.4426 -0.4905 -0.7076 0.1416 0.1147 1   
WS 0.0551 -0.2403 -0.2649 -0.2046 -0.2520 -0.2377 -0.2951 0.2025 0.2780 0.3108 -0.2033 -0.0034 -0.2690 1  
WD 0.0861 -0.1871 -0.1736 -0.1358 -0.1582 0.0989 -0.0393 -0.0112 -0.0580 0.1789 -0.1811 -0.0141 -0.0384 -0.0266 1 

Table D12: NH_91-180_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SE quadrant (091 - 180 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.2006 1              
THC -0.3141 0.5499 1             
NMHC -0.3277 0.5467 0.6615 1            
NO -0.4289 0.6778 0.6524 0.6011 1           
NO2 -0.1896 0.5160 0.2942 0.0687 0.3977 1          
Nox -0.3993 0.7294 0.6125 0.4756 0.9151 0.7335 1         
GR 0.1612 -0.1300 -0.1751 -0.3327 -0.1591 -0.0052 -0.1203 1        
NR -0.1064 -0.0134 0.2037 -0.0315 0.2038 0.0091 0.1556 0.4178 1       
T 0.3014 -0.1138 -0.3170 -0.3385 -0.3330 0.0494 -0.2246 0.2744 0.1595 1      
P 0.0222 0.1756 0.1187 0.1135 0.1261 0.1685 0.1671 -0.1173 -0.3089 -0.3479 1     
R 0.0223 -0.0377 -0.0395 -0.0553 -0.0238 -0.0201 -0.0270 0.0016 0.1185 -0.0788 -0.0759 1    
RH -0.1231 -0.2185 0.0158 -0.1453 0.0061 -0.2877 -0.1220 0.1049 0.3761 0.0048 -0.2934 0.0551 1   
WS 0.3324 -0.2173 -0.2913 -0.2541 -0.3340 -0.1223 -0.3005 0.0352 -0.0306 0.2660 -0.0473 0.0594 -0.2104 1  
WD 0.1188 -0.2256 -0.3530 -0.1500 -0.2071 -0.0502 -0.1762 -0.0759 -0.1412 0.3840 -0.1123 -0.0247 0.0505 0.2272 1 
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Table D13: NH_181-270_Day2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SW quadrant (181 - 270 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.3044 1              
THC -0.3356 0.3346 1             
NMHC -0.2946 0.2455 0.5638 1            
NO -0.3681 0.4930 0.3671 0.2757 1           
NO2 -0.2547 0.5919 0.1180 -0.0162 0.3108 1          
Nox -0.3914 0.6624 0.3148 0.1776 0.8484 0.7663 1         
GR 0.4977 -0.3411 -0.1315 -0.1740 -0.2472 -0.4292 -0.4067 1        
NR 0.5116 -0.3094 -0.2453 -0.2246 -0.2431 -0.3742 -0.3738 0.7734 1       
T 0.3634 -0.2626 -0.2015 -0.1954 -0.2254 -0.1961 -0.2611 0.2434 0.4479 1      
P 0.2337 0.0458 -0.0043 -0.1515 -0.1096 -0.0828 -0.1211 0.3394 0.0891 -0.4529 1     
R -0.0510 0.0330 -0.0157 -0.0272 0.0018 0.0641 0.0366 -0.0375 -0.0590 -0.1192 -0.0216 1    
RH -0.6409 0.3920 0.3623 0.2364 0.3534 0.2500 0.3784 -0.3645 -0.4059 -0.4249 -0.0141 0.0787 1   
WS 0.0067 -0.3089 -0.1207 -0.0840 -0.2301 -0.3560 -0.3539 0.2882 0.2232 0.1234 0.0570 0.0051 -0.1849 1  
WD -0.0955 0.0643 0.2512 0.2868 0.0194 -0.0914 -0.0384 0.0747 -0.0691 -0.1757 0.1545 -0.0147 0.0548 0.1862 1 

Table D14: NH_181-270_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SW quadrant (181 - 270 azimuth), Night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.2528 1              
THC -0.3997 0.3927 1             
NMHC -0.3404 0.5143 0.6152 1            
NO -0.3143 0.6560 0.5500 0.5593 1           
NO2 -0.1099 0.5771 0.0649 0.0738 0.2410 1          
Nox -0.3026 0.7732 0.4792 0.4912 0.9206 0.6005 1         
GR 0.0834 -0.0235 -0.1885 -0.1417 0.1473 -0.0581 0.0981 1        
NR -0.2584 -0.0292 0.3520 0.2257 0.3269 -0.2156 0.1821 0.4177 1       
T 0.2106 -0.1490 -0.3547 -0.2033 -0.3183 -0.0110 -0.2665 0.2411 0.0366 1      
P 0.0497 0.2561 0.1124 -0.0775 0.0183 0.4075 0.1784 -0.2703 -0.3577 -0.3555 1     
R 0.0177 -0.0289 -0.0211 -0.0381 -0.0313 -0.0410 -0.0430 -0.0011 0.1008 -0.0942 -0.0073 1    
RH -0.2025 -0.0086 0.1645 -0.1246 0.1090 -0.2214 -0.0007 0.0979 0.2956 -0.1568 0.0346 0.0541 1   
WS 0.2747 -0.2789 -0.3326 -0.2200 -0.3588 -0.2111 -0.3787 -0.0288 -0.1940 0.2968 -0.1118 -0.0108 -0.3201 1  
WD -0.3245 0.0946 0.3857 0.3609 0.1742 -0.0761 0.1134 -0.0797 0.3147 -0.2682 -0.1008 0.0355 -0.1383 -0.0982 1 

Table D15: NH_271-360_Day2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the NW quadrant (271 - 360 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.3234 1              
THC -0.3662 0.0452 1             
NMHC -0.3092 0.2598 0.4316 1            
NO -0.3615 0.5838 0.2651 0.2942 1           
NO2 -0.2375 0.7883 0.0014 0.2230 0.3325 1          
Nox -0.3746 0.8176 0.1858 0.3214 0.8714 0.7521 1         
GR 0.4875 -0.5249 -0.0493 -0.2394 -0.2547 -0.5496 -0.4632 1        
NR 0.5359 -0.3845 -0.1822 -0.2445 -0.2328 -0.4477 -0.3947 0.8483 1       
T 0.6625 -0.3445 -0.2117 -0.1523 -0.3665 -0.2816 -0.4022 0.5572 0.5792 1      
P -0.0837 0.1107 0.1097 -0.1169 0.0432 0.1247 0.0955 0.0622 -0.0835 -0.4450 1     
R -0.1109 0.0254 -0.0713 -0.0070 0.0308 0.0252 0.0343 -0.1358 -0.1116 -0.1745 -0.0371 1    
RH -0.6361 0.1679 0.3023 0.1488 0.3482 0.1621 0.3260 -0.4815 -0.5523 -0.7480 0.1792 0.1372 1   
WS 0.1177 -0.4509 -0.1823 -0.1389 -0.3566 -0.4097 -0.4616 0.2865 0.2811 0.3449 -0.2752 -0.1576 -0.2787 1  
WD -0.1266 0.3116 -0.0824 0.0481 0.1673 0.3021 0.2739 -0.4184 -0.2960 -0.1850 -0.1879 -0.0274 0.1916 -0.1041 1 

Table D16: NH_271-360_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the NW quadrant (271 - 360 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.0623 1              
THC -0.1320 0.4278 1             
NMHC -0.0467 0.7205 0.6585 1            
NO -0.0946 0.7550 0.4414 0.6280 1           
NO2 0.0145 0.8290 0.3844 0.6116 0.4810 1          
Nox -0.0599 0.9035 0.4826 0.7160 0.9198 0.7863 1         
GR 0.0301 0.0932 -0.2055 -0.0619 0.1661 -0.0349 0.1017 1        
NR 0.0084 -0.5185 -0.1445 -0.3404 -0.2956 -0.5611 -0.4591 0.1433 1       
T 0.0581 0.1198 0.2235 0.2911 -0.0217 0.2132 0.0796 -0.1259 -0.0101 1      
P 0.0745 0.2920 0.1316 0.0236 0.0770 0.4285 0.2459 -0.1387 -0.3885 -0.3157 1     
R 0.2225 -0.1245 -0.1825 -0.1022 -0.1309 -0.1117 -0.1423 -0.0116 0.1624 -0.1723 -0.0570 1    
RH -0.0539 -0.5445 -0.1229 -0.4505 -0.2360 -0.6451 -0.4549 0.0293 0.6483 -0.4008 -0.2300 0.1205 1   
WS 0.1934 -0.3909 -0.2813 -0.3170 -0.4418 -0.2650 -0.4303 -0.0607 0.1712 0.2142 -0.1259 0.0904 0.0140 1  
WD -0.0252 0.1015 -0.0945 -0.0457 0.0268 0.0728 0.0516 -0.0741 -0.0477 -0.0735 0.0563 0.0011 0.0410 -0.0051 1 
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Table D17: TH_0-90_Day2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the NE quadrant (000 - 090 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0191 1              
THC -0.5185 0.3585 1             
NMHC -0.4442 0.2383 0.8926 1            
NO -0.6179 0.2382 0.6460 0.6217 1           
NO2 -0.2068 0.2881 0.5904 0.6506 0.3627 1          
Nox -0.5507 0.3085 0.7486 0.7583 0.9013 0.7302 1         
GR 0.6602 -0.1484 -0.4646 -0.4470 -0.4207 -0.2386 -0.4188 1        
NR 0.6082 -0.1428 -0.4545 -0.4204 -0.3744 -0.2164 -0.3745 0.9800 1       
T 0.6100 -0.1056 -0.3569 -0.3168 -0.4593 -0.1567 -0.4093 0.4537 0.4324 1      
P 0.1141 0.0049 -0.2030 -0.1926 -0.1551 -0.0055 -0.1152 0.3365 0.3557 -0.2741 1     
R -0.0760 -0.1236 -0.0186 -0.0243 0.0217 -0.0346 -0.0017 -0.1772 -0.1685 -0.1219 -0.1325 1    
RH -0.7763 0.1571 0.4907 0.3563 0.5972 0.1189 0.4936 -0.6095 -0.5741 -0.6256 -0.2396 0.1523 1   
WS 0.2863 -0.1937 -0.3499 -0.2980 -0.3678 -0.2976 -0.4070 0.5153 0.5119 0.1668 0.4140 -0.0669 -0.4206 1  
WD -0.2003 0.0229 0.2464 0.3319 0.4277 0.3819 0.4909 -0.1890 -0.1773 0.0711 -0.3805 0.1034 0.2311 -0.5255 1 

Table D18: TH_0-90_Night2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the NE quadrant (000 - 090 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.1414 1              
THC -0.2028 0.3100 1             
NMHC -0.1331 0.2646 0.8124 1            
NO -0.3868 0.2002 0.5678 0.6477 1           
NO2 -0.0697 0.1779 0.4999 0.5866 0.3019 1          
Nox -0.3372 0.2357 0.6579 0.7558 0.9200 0.6496 1         
GR -0.0045 0.3425 -0.0580 -0.1124 0.0339 -0.0907 -0.0056 1        
NR -0.2645 -0.1042 -0.1242 -0.1258 0.1475 -0.3234 -0.0141 0.3529 1       
T -0.1666 0.2130 0.1118 0.1309 0.1660 0.1288 0.1826 0.0894 0.2727 1      
P 0.2691 -0.0834 0.0564 0.0433 -0.0945 0.2656 0.0363 -0.1016 -0.5378 -0.4828 1     
R 0.1030 -0.0857 -0.1166 -0.0458 -0.0210 -0.0177 -0.0252 -0.0551 0.1743 -0.0124 -0.0443 1    
RH -0.3141 -0.0519 -0.0770 -0.1465 0.0652 -0.4181 -0.1191 0.1532 0.6977 -0.0339 -0.5393 0.0575 1   
WS 0.2114 -0.0282 -0.3097 -0.2667 -0.2257 -0.1591 -0.2444 0.0555 0.0641 0.1284 -0.0667 0.0323 -0.0979 1  
WD -0.0446 0.0224 0.0632 0.1834 0.3740 0.1943 0.3770 0.1156 0.0291 0.1093 -0.0892 0.1118 -0.0451 -0.1993 1 

Table D19: TH_91-180_Day2001. Correlation coefficient result for National Housing Air Quality 
Station measured on the SE quadrant (091 - 180 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0791 1              
THC -0.2885 0.4109 1             
NMHC -0.2624 0.2881 0.8465 1            
NO -0.6021 0.1448 0.6586 0.6448 1           
NO2 0.3700 0.2048 0.4157 0.5364 0.1102 1          
Nox -0.2086 0.2306 0.7332 0.7969 0.7923 0.6929 1         
GR 0.4024 -0.2727 -0.5816 -0.6212 -0.4354 -0.3030 -0.5012 1        
NR 0.4342 -0.2396 -0.5512 -0.5712 -0.4305 -0.2427 -0.4606 0.9485 1       
T 0.5111 -0.1188 -0.5247 -0.5723 -0.6287 -0.0811 -0.5048 0.6151 0.5973 1      
P 0.0103 0.1630 0.1180 0.1046 0.0917 0.0852 0.1194 0.0598 0.1304 -0.2943 1     
R -0.0451 -0.0191 0.0203 0.0312 0.0156 -0.0031 0.0092 -0.1454 -0.1195 -0.2560 0.0452 1    
RH -0.5902 0.1977 0.5169 0.5069 0.5856 -0.0181 0.4131 -0.5729 -0.5450 -0.8749 0.2931 0.2214 1   
WS 0.0099 -0.2476 -0.5381 -0.5112 -0.3427 -0.3906 -0.4879 0.3440 0.2857 0.4756 -0.3600 -0.1179 -0.4161 1  
WD -0.1322 -0.0853 -0.0846 -0.1287 0.0839 -0.1152 -0.0101 -0.0041 -0.0334 -0.0636 -0.1195 0.0243 -0.0548 0.1167 1 

Table D20: TH_91-180_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SE quadrant (091 - 180 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0172 1              
THC -0.1098 0.0724 1             
NMHC 0.0764 0.0950 0.7640 1            
NO -0.3776 -0.0719 0.6019 0.5784 1           
NO2 0.3722 0.1517 0.4356 0.6022 0.1166 1          
Nox -0.1159 0.0194 0.7054 0.7699 0.8652 0.5983 1         
GR 0.1146 0.2217 -0.0100 -0.0544 -0.0438 0.0401 -0.0140 1        
NR -0.0963 -0.3313 0.1374 0.0577 0.3683 -0.1593 0.2177 0.1374 1       
T 0.0423 0.2534 -0.1204 -0.0582 -0.2032 0.0267 -0.1503 0.0959 -0.4573 1      
P 0.2177 0.1042 0.0021 0.0692 -0.1698 0.2496 -0.0102 0.1170 -0.1443 -0.2395 1     
R -0.0013 -0.0378 -0.0603 -0.0367 -0.0313 -0.0682 -0.0610 -0.0631 0.1356 -0.1279 0.0168 1    
RH -0.0789 -0.0956 -0.1689 -0.1984 -0.0085 -0.2014 -0.1090 0.1525 0.3361 -0.5497 0.2102 0.1066 1   
WS 0.2092 0.0080 -0.3301 -0.1440 -0.2845 -0.0799 -0.2701 0.0059 -0.2788 0.4426 -0.1877 0.0029 -0.2570 1  
WD -0.0393 -0.1103 0.0656 -0.0575 -0.0159 -0.1053 -0.0647 -0.1193 -0.0004 0.0997 -0.2379 -0.0228 -0.2199 0.1502 1 
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Table D21: TH_181-270_Day2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SW quadrant (181 - 270 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0611 1              
THC -0.0860 0.4923 1             
NMHC -0.0982 0.2869 0.8106 1            
NO -0.6136 0.3533 0.2167 0.2681 1           
NO2 -0.0491 0.5046 0.4426 0.4473 0.3951 1          
Nox -0.4683 0.4873 0.3605 0.3992 0.9065 0.7453 1         
GR 0.2150 -0.3507 -0.4704 -0.4728 -0.3607 -0.4175 -0.4532 1        
NR 0.2158 -0.3474 -0.4270 -0.4378 -0.3487 -0.3987 -0.4352 0.8936 1       
T 0.3193 -0.2902 -0.5428 -0.4726 -0.3667 -0.2818 -0.3957 0.6613 0.6016 1      
P 0.0148 0.2281 0.4170 0.2956 0.0357 0.1815 0.1099 -0.2264 -0.1224 -0.6259 1     
R 0.0217 0.0397 0.0033 0.0051 0.0052 0.1402 0.0660 -0.1388 -0.1154 -0.1538 0.0712 1    
RH -0.3746 0.2663 0.4618 0.3526 0.3676 0.2099 0.3632 -0.5723 -0.5047 -0.8692 0.5055 0.1611 1   
WS -0.2332 -0.2667 -0.4299 -0.2954 -0.0429 -0.2776 -0.1584 0.3531 0.2899 0.4419 -0.4926 0.0083 -0.4394 1  
WD 0.3041 -0.1633 0.0908 0.0226 -0.4079 -0.3725 -0.4648 0.0457 0.0961 -0.0678 0.1581 -0.0433 0.0661 -0.0811 1 

Table D22: TH_181-270_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the SW quadrant (181 - 270 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1128 1              
THC 0.2631 0.3582 1             
NMHC 0.3504 0.2755 0.8146 1            
NO -0.4058 0.0245 -0.0200 0.0721 1           
NO2 0.2876 0.3598 0.5039 0.5858 0.0807 1          
Nox -0.2098 0.1889 0.2186 0.3341 0.8848 0.5352 1         
GR -0.0076 0.2296 0.1492 0.0469 0.1272 0.0114 0.1129 1        
NR -0.2115 -0.1673 -0.0375 -0.1006 0.1320 -0.2306 0.0035 0.4795 1       
T -0.1790 0.1031 -0.2002 -0.0275 0.2204 0.0572 0.2125 -0.0540 -0.1692 1      
P 0.4524 0.1472 0.4304 0.3209 -0.3133 0.2497 -0.1477 0.0271 -0.0695 -0.5435 1     
R 0.0246 -0.0430 -0.0464 -0.0278 -0.0299 -0.0252 -0.0374 -0.0328 0.1073 -0.0826 0.0023 1    
RH -0.2286 -0.0534 0.1241 -0.0886 -0.0372 -0.1945 -0.1214 0.1198 0.4463 -0.5820 0.1851 0.1036 1   
WS -0.1686 -0.1823 -0.4444 -0.2532 0.0778 -0.1622 -0.0104 -0.1234 -0.0568 0.4348 -0.4330 0.0574 -0.3894 1  
WD 0.1223 0.0024 0.1222 0.0744 -0.2699 -0.0729 -0.2623 0.0176 0.0157 -0.2722 0.2741 -0.0624 0.1326 -0.1057 1 

Table D23: TH_271-360_Day2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the NW quadrant (271 - 360 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.0832 1              
THC -0.3869 0.4852 1             
NMHC -0.1675 0.2315 0.7290 1            
NO -0.4560 0.3289 0.5216 0.3045 1           
NO2 -0.1964 0.5290 0.6460 0.5973 0.4719 1          
Nox -0.3721 0.5086 0.6875 0.5375 0.8331 0.8789 1         
GR 0.4632 -0.2299 -0.4447 -0.3950 -0.2598 -0.3143 -0.3377 1        
NR 0.3798 -0.2451 -0.4215 -0.4065 -0.2253 -0.3109 -0.3171 0.9737 1       
T 0.5438 -0.2141 -0.1944 -0.0727 -0.2820 -0.2699 -0.3228 0.4512 0.4426 1      
P -0.1457 0.1724 -0.0526 -0.0935 0.1008 0.2470 0.2082 0.0472 0.0414 -0.6735 1     
R -0.0938 -0.0170 0.0265 0.0671 0.0349 0.0010 0.0189 -0.1021 -0.0906 -0.0789 -0.0158 1    
RH -0.7410 0.2091 0.4340 0.1527 0.3759 0.1645 0.3077 -0.5222 -0.4465 -0.4931 0.0109 0.1458 1   
WS 0.0949 0.0222 -0.3212 -0.3492 -0.1569 -0.1873 -0.2001 0.2132 0.1843 -0.0605 0.2244 -0.0628 -0.1442 1  
WD -0.0726 0.1564 -0.0028 -0.0892 0.0468 0.1196 0.1014 -0.0882 -0.0990 -0.0962 0.1069 0.0032 0.0905 0.4700 1 

Table D24: TH_271-360_Night2001. Correlation coefficient result for National Housing Air 
Quality Station measured on the NW quadrant (271 - 360 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.1727 1              
THC -0.4174 0.5634 1             
NMHC -0.1866 0.4858 0.7080 1            
NO -0.4301 0.3983 0.4891 0.5295 1           
NO2 -0.2989 0.6523 0.4548 0.5773 0.3648 1          
Nox -0.4507 0.6119 0.5736 0.6629 0.8777 0.7657 1         
GR -0.0611 0.1139 0.1176 0.0459 0.0543 -0.0312 0.0222 1        
NR -0.2189 -0.1721 0.0090 -0.0226 0.1580 -0.3229 -0.0565 0.4806 1       
T -0.1136 0.1270 0.3168 0.2721 0.1654 0.0745 0.1537 -0.0486 0.3493 1      
P 0.3336 0.0864 -0.2671 -0.1615 -0.1910 0.2102 -0.0250 -0.1198 -0.4975 -0.5807 1     
R 0.0607 -0.0991 -0.0882 -0.0537 -0.0017 -0.0714 -0.0382 -0.0382 0.1054 0.0205 -0.0959 1    
RH -0.4319 -0.0811 0.1622 0.0118 0.1962 -0.3178 -0.0270 0.2600 0.6336 0.1651 -0.5985 0.0422 1   
WS 0.2586 -0.1041 -0.3976 -0.4264 -0.2606 -0.1446 -0.2546 -0.0144 0.0135 -0.1679 0.2694 0.1424 -0.1846 1  
WD 0.0102 0.0355 -0.0516 -0.1327 -0.0180 0.0747 0.0269 0.0548 0.0556 0.0704 -0.0149 0.0507 0.0068 0.3718 1 
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Table D25: DD_0-90_Day2003. Correlation coefficient result for Dindang Air Quality Station 
measured on the NE quadrant (000 - 090 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.3844 1              
THC -0.3681 0.5509 1             
NMHC -0.3952 0.6560 0.7202 1            
NO -0.5340 0.8383 0.6315 0.7387 1           
NO2 0.1465 0.3635 0.2631 0.3408 0.3526 1          
Nox -0.4643 0.8398 0.6083 0.7129 0.9776 0.5101 1         
GR 0.2194 -0.3031 -0.3477 -0.3531 -0.2834 0.0122 -0.2302 1        
NR 0.2057 -0.2927 -0.3790 -0.3491 -0.2818 -0.0248 -0.2359 0.9569 1       
T 0.2785 -0.1651 -0.2378 -0.2778 -0.2533 0.1934 -0.1401 0.3678 0.4033 1      
P -0.1306 -0.3138 -0.1040 -0.1352 -0.1578 -0.2614 -0.2176 0.1352 0.0964 -0.3374 1     
R -0.0788 0.0005 -0.0278 0.0847 -0.0095 -0.0980 -0.0261 -0.0917 -0.0717 -0.1041 -0.0479 1    
RH -0.6003 0.3994 0.1974 0.3344 0.4608 -0.2015 0.3943 -0.0236 0.0347 -0.3029 -0.0369 0.2239 1   
WS 0.0641 0.2049 -0.0764 -0.0316 0.0559 -0.1008 0.0666 0.0217 -0.0039 0.0580 -0.3110 -0.0604 0.0798 1  
WD -0.0388 -0.1318 -0.0295 -0.1119 -0.2359 -0.4039 -0.2851 -0.0032 -0.0132 0.0209 0.0636 -0.0315 -0.0286 0.3376 1 

Table D26: DD_0-90_Night2003. Correlation coefficient result for Dindang Air Quality Station 
measured on the NE quadrant (000 - 090 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1988 1              
THC -0.0432 0.4457 1             
NMHC 0.0433 0.6435 0.6236 1            
NO 0.0550 0.7759 0.5489 0.7072 1           
NO2 0.1253 0.6410 0.4539 0.4845 0.6489 1          
Nox 0.0753 0.7874 0.5467 0.6891 0.9894 0.7217 1         
GR 0.0579 0.1302 0.0322 0.0675 0.1673 -0.0002 0.1559 1        
NR 0.0663 -0.0475 -0.3232 -0.0240 -0.0771 -0.4052 -0.1006 0.5633 1       
T 0.0740 0.3775 0.1194 0.1217 0.2507 0.2811 0.3080 0.0201 0.1087 1      
P -0.3098 0.0194 -0.0258 -0.0365 0.0223 0.0537 -0.0077 -0.1045 -0.2942 -0.0941 1     
R -0.0295 -0.0703 -0.0925 -0.0530 -0.0923 -0.1145 -0.0933 -0.0234 0.1455 -0.0605 -0.0438 1    
RH -0.0378 -0.2313 -0.3028 -0.0536 -0.1210 -0.5142 -0.1520 0.1845 0.7489 -0.1282 -0.3148 0.1737 1   
WS 0.1351 -0.0215 -0.0378 0.0818 0.0195 -0.1599 0.0278 0.0747 0.3256 0.0834 -0.3982 -0.0133 0.4034 1  
WD 0.0968 -0.1764 -0.1118 -0.1261 -0.3068 -0.2750 -0.3078 0.0593 0.1418 -0.0487 -0.0795 -0.0095 0.1104 0.2571 1 

Table D27: DD_91-180_Day2003. Correlation coefficient result for Dindang Air Quality Station 
measured on the SE quadrant (091 - 180 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO -0.1115 1              
THC -0.2422 0.3664 1             
NMHC -0.3157 0.4054 0.7395 1            
NO -0.4090 0.6139 0.3218 0.3576 1           
NO2 0.2947 0.3953 0.1781 0.1451 0.3984 1          
Nox -0.2641 0.6543 0.3203 0.3410 0.9602 0.6018 1         
GR 0.4334 -0.2216 -0.2658 -0.2863 -0.2002 0.0343 -0.1442 1        
NR 0.4307 -0.2024 -0.2777 -0.2607 -0.2178 0.0003 -0.1685 0.9646 1       
T 0.5258 -0.1032 -0.1766 -0.2094 -0.3733 0.1450 -0.2315 0.4039 0.4533 1      
P -0.2734 -0.1396 -0.0693 -0.0964 0.3039 0.0161 0.2084 0.0469 -0.0031 -0.5047 1.0000     
R -0.0336 -0.0188 -0.0056 -0.0018 0.0422 -0.0585 0.0255 -0.0714 -0.0524 -0.1231 -0.0707 1    
RH -0.4962 0.2395 0.2561 0.3924 0.2061 -0.2729 0.1336 -0.1986 -0.1346 -0.3696 -0.0982 0.1940 1   
WS -0.0910 0.0051 -0.2009 -0.1838 0.0907 -0.0606 0.0888 -0.0667 -0.1448 -0.2879 0.1176 -0.0168 -0.0540 1  
WD 0.1792 -0.0490 0.0888 0.1659 -0.4828 -0.2586 -0.4408 0.0669 0.1196 0.4011 -0.6327 0.0110 0.2590 -0.3377 1 

Table D28: DD_91-180_Night2003. Correlation coefficient result for Dindang Air Quality 
Station measured on the SE quadrant (091 - 180 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1095 1              
THC -0.1020 0.2996 1             
NMHC -0.2319 0.3329 0.6709 1            
NO -0.1692 0.5540 0.2980 0.2808 1           
NO2 0.1846 0.5447 0.3256 0.2356 0.3458 1          
Nox -0.0987 0.6169 0.3466 0.3026 0.9751 0.5060 1         
GR 0.0463 0.0299 0.1617 0.1140 0.0962 -0.0243 0.0948 1        
NR -0.0875 -0.0345 -0.0214 0.1845 0.0024 -0.3137 -0.0522 0.5760 1       
T 0.1619 0.1984 0.1856 0.1277 -0.0606 0.1221 0.0232 0.0836 0.1521 1      
P -0.2827 -0.0627 -0.0831 -0.0258 0.2059 -0.0328 0.1244 -0.0968 -0.1534 -0.4942 1     
R -0.0202 -0.0407 -0.1039 -0.0444 0.0046 -0.0914 -0.0201 -0.0371 0.1807 -0.1320 0.0135 1    
RH -0.2155 -0.1353 -0.0360 0.1883 -0.0314 -0.4164 -0.0959 0.1222 0.7084 0.0141 -0.1735 0.2215 1   
WS 0.0119 -0.0572 0.0431 0.1000 -0.1074 -0.0880 -0.0657 0.0375 0.0937 0.1043 -0.1545 -0.0558 0.1672 1  
WD 0.0588 -0.1412 0.0606 0.2133 -0.4478 -0.1146 -0.4099 0.0124 0.1561 0.4461 -0.3864 -0.0622 0.2768 0.1236 1 
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Table D29: DD_181-270_Day2003. Correlation coefficient result for Dindang Air Quality Station 
measured on the SW quadrant (181 - 270 azimuth), day time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1901 1              
THC -0.1612 0.1970 1             
NMHC -0.3586 0.0173 0.7140 1            
NO -0.2295 0.2458 0.1735 0.2653 1           
NO2 0.4534 0.4778 0.1877 0.0399 0.1084 1          
Nox -0.0393 0.3873 0.2280 0.2301 0.9392 0.4033 1         
GR 0.3974 -0.0694 -0.2122 -0.2037 0.0101 -0.0122 0.0112 1        
NR 0.3857 -0.0791 -0.2119 -0.1988 0.0067 -0.0288 0.0044 0.9894 1       
T 0.6391 0.0710 -0.2469 -0.4109 -0.2712 0.1341 -0.1622 0.4729 0.4655 1      
P -0.3187 -0.1783 0.0937 0.2749 0.3205 -0.0648 0.2152 0.1641 0.1688 -0.3968 1     
R -0.0985 -0.0461 -0.0313 -0.0085 0.0452 -0.0563 0.0118 -0.1140 -0.1082 -0.1765 0.0357 1    
RH -0.6089 -0.1024 0.1165 0.2533 0.1811 -0.2455 0.0627 -0.4004 -0.3850 -0.7986 0.3073 0.2194 1   
WS -0.1150 0.0985 -0.0451 -0.0957 -0.1209 -0.1090 -0.0997 -0.2994 -0.2957 -0.1082 -0.1592 0.0147 0.2434 1  
WD -0.1824 0.0160 0.1395 0.2791 0.3166 0.1303 0.3109 0.0178 0.0236 -0.2710 0.2859 0.0753 0.1445 -0.0002 1 

Table D30: DD_181-270_Night2003. Correlation coefficient result for Dindang Air Quality 
Station measured on the SW quadrant (181 - 270 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.1326 1              
THC 0.0507 0.1956 1             
NMHC -0.1329 0.0824 0.7314 1            
NO -0.2229 0.1185 0.0803 0.1154 1           
NO2 0.2211 0.5245 0.2559 0.0827 0.1176 1          
Nox -0.1078 0.2578 0.1690 0.1189 0.9519 0.3747 1         
GR -0.0358 0.0168 0.1032 0.1231 0.1035 -0.0144 0.0933 1        
NR -0.1743 -0.1583 -0.0131 0.1354 0.2352 -0.2413 0.1297 0.7483 1       
T 0.2958 0.2522 0.0806 -0.0124 -0.2451 0.1581 -0.1222 -0.0235 -0.2838 1      
P -0.3605 -0.0430 0.0561 0.1786 0.3502 0.0777 0.2856 0.0468 0.1553 -0.3492 1     
R -0.0526 -0.0620 -0.0772 -0.0442 0.0295 -0.0532 -0.0102 -0.0164 0.1100 -0.1683 0.0853 1    
RH -0.0834 -0.1936 -0.1820 -0.0718 0.0291 -0.3350 -0.0971 -0.0371 0.1818 -0.4304 0.0203 0.2250 1   
WS 0.0191 -0.0866 -0.1315 -0.2259 -0.1722 -0.1384 -0.1505 0.0140 -0.0946 0.1682 -0.1090 -0.0778 0.1738 1  
WD -0.2683 -0.1472 0.0371 0.0991 0.1944 -0.1278 0.1306 0.1099 0.2344 -0.2918 0.3116 0.0602 -0.2278 -0.1697 1 

Table D31: DD_271-360_Day2003. Correlation coefficient result for Dindang Air Quality Station 
measured on the NW quadrant (271 - 360 azimuth), day time.  

 
  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 

O3 1               
CO -0.1595 1              
THC -0.2043 0.5172 1             
NMHC -0.3114 0.4774 0.7163 1            
NO -0.3540 0.7650 0.5521 0.5413 1           
NO2 0.3473 0.4609 0.2349 0.1493 0.3470 1          
Nox -0.2310 0.8025 0.5471 0.5033 0.9734 0.5283 1         
GR 0.1297 -0.4575 -0.3394 -0.2705 -0.3994 -0.3946 -0.4295 1        
NR 0.1166 -0.4657 -0.3453 -0.2629 -0.4116 -0.4203 -0.4442 0.9915 1       
T 0.2841 -0.2526 -0.3110 -0.3024 -0.4204 -0.1518 -0.3706 0.5502 0.5671 1      
P -0.0954 -0.0453 0.1307 0.1301 0.1606 0.1267 0.1393 0.0334 0.0110 -0.2231 1     
R -0.0636 -0.0733 -0.0608 -0.0582 -0.0524 -0.0639 -0.0677 -0.0892 -0.0817 -0.1369 -0.0232 1    
RH -0.3966 0.1728 0.0224 0.1941 0.2745 -0.2405 0.1905 -0.1892 -0.1726 -0.4465 -0.0157 0.1915 1   
WS 0.1175 0.2157 -0.1665 -0.2110 0.0870 0.1153 0.1437 0.0283 0.0327 0.2593 -0.2014 -0.0307 -0.1244 1  
WD 0.0381 0.4209 0.1599 0.0948 0.4958 0.6077 0.5618 -0.4201 -0.4426 -0.3156 0.3108 -0.0387 -0.0191 0.1055 1 

Table D32: DD_271-360_Night2003. Correlation coefficient result for Dindang Air Quality 
Station measured on the NW quadrant (271 - 360 azimuth), night time.  

  O3 CO THC NMHC NO NO2 Nox GR NR T P R RH WS WD 
O3 1               
CO 0.2726 1              
THC -0.0159 0.4234 1             
NMHC -0.0236 0.6049 0.5163 1            
NO 0.1416 0.8290 0.5702 0.6609 1           
NO2 0.1729 0.7488 0.4726 0.5043 0.7283 1          
Nox 0.1812 0.8569 0.5602 0.6454 0.9889 0.7999 1         
GR 0.1441 0.0885 -0.0048 0.0124 0.1253 -0.0391 0.1158 1        
NR 0.1530 -0.2346 -0.4050 -0.1704 -0.2930 -0.4824 -0.3102 0.6048 1       
T 0.2119 0.3287 0.1106 0.1174 0.1851 0.2483 0.2472 0.0662 0.0739 1      
P -0.3075 0.1407 0.2265 0.2314 0.2588 0.2086 0.2317 -0.1265 -0.3468 -0.0257 1     
R -0.0409 -0.1079 -0.1075 -0.0287 -0.1404 -0.1262 -0.1396 -0.0198 0.1708 -0.1098 -0.0774 1    
RH 0.0627 -0.4032 -0.4443 -0.2559 -0.4157 -0.6345 -0.4486 0.1643 0.7221 -0.1487 -0.3689 0.2327 1   
WS 0.2644 0.0490 -0.1755 -0.0927 -0.0898 -0.0652 -0.0535 0.0805 0.1309 0.2171 -0.3952 0.0254 0.1780 1  
WD 0.0155 0.3285 0.3179 0.0814 0.4887 0.4685 0.4872 -0.0254 -0.3493 -0.0718 0.2744 -0.0506 -0.3305 -0.1340 1 
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APPENDIX E : MULTIPLE REGRESSION ANALYSIS RESULT 
Table E1 DD_0-90_Day2001: Multiple regression analysis result of Dindang Air Quality 

Station measured on the NE quadrant (000 – 090 azimuth), day time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.755217692        
R Square 0.570353762        
Adjusted R 
Square 0.557362299        
Standard Error 2.916069263        
Observations 478        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 5226.488003 373.3205716 43.90219675 9.54044E-76    
Residual 463 3937.101955 8.503459946      
Total 477 9163.589958          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 36.32062247 26.64695375 1.363030942 0.173535252 -16.0432991 88.68454403 -32.601558 105.2428029 
CO -0.05069595 0.200317229 -0.25307835 0.800319996 -0.44433929 0.342947378 -0.56881522 0.467423315 
THC -0.31892374 0.293753861 -1.08568356 0.278183957 -0.89617937 0.258331895 -1.07871627 0.4408688 
NMHC 0.575840927 0.133547704 4.311874419 1.97935E-05 0.313406371 0.838275483 0.23042062 0.921261233 
NO 0.095252864 0.044446329 2.14309856 0.032625726 0.007911395 0.182594333 -0.01970729 0.210213018 
NO2 0.158472818 0.04567467 3.469599636 0.000569999 0.068717536 0.248228099 0.040335568 0.276610067 
Nox -0.10826025 0.044676591 -2.42319862 0.01576697 -0.19605421 -0.0204663 -0.22381598 0.007295472 
GR 0.029694922 0.005148992 5.767133581 1.47569E-08 0.01957664 0.039813204 0.016377088 0.043012757 
NR -0.02477235 0.005386987 -4.59855446 5.49714E-06 -0.03535832 -0.01418639 -0.03870576 -0.01083894 
Temp -0.11630558 0.068359276 -1.70138689 0.089541734 -0.25063837 0.018027219 -0.29311642 0.060505267 
Pressure -0.0286002 0.033249625 -0.86016616 0.390142627 -0.09393903 0.036738627 -0.11460015 0.057399747 
Rain 0.262488887 0.173520402 1.512726368 0.131031437 -0.07849601 0.603473781 -0.18632055 0.711298329 
RelaHumid -0.10785485 0.016349246 -6.59693092 1.1493E-10 -0.13998274 -0.07572695 -0.15014207 -0.06556762 
WindSpeed 0.191329404 0.373574918 0.512158056 0.608784605 -0.54278257 0.925441373 -0.7749198 1.15757861 
WindDirect 0.00346553 0.004920763 0.704266799 0.481620704 -0.00620426 0.013135319 -0.00926199 0.016193051 

 
Table E2 DD_0-90_Night2001: Multiple regression analysis result of Dindang Air Quality 

Station measured on the NE quadrant (000 – 090 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.538369174        
R Square 0.289841368        
Adjusted R 
Square 0.269467964        
Standard Error 1.713244022        
Observations 503        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 584.6060048 41.75757177 14.226458 1.0822E-28    
Residual 488 1432.380079 2.935205079      
Total 502 2016.986083          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -33.4163114 14.82463834 -2.25410635 0.024632271 -62.5442941 -4.28832864 -71.7520566 4.919433928 
CO 0.324305753 0.096621097 3.356469378 0.000851063 0.134461146 0.51415036 0.074448612 0.574162895 
THC 0.034556907 0.137074026 0.252103973 0.80106684 -0.23477107 0.303884885 -0.31990941 0.389023224 
NMHC -0.08750314 0.085524826 -1.02313147 0.306752598 -0.2555454 0.080539113 -0.3086659 0.133659619 
NO 0.076561332 0.019698731 3.886612381 0.000115702 0.037856557 0.115266108 0.025621436 0.127501229 
NO2 0.082535386 0.019971576 4.13264266 4.22055E-05 0.043294515 0.121776256 0.030889927 0.134180844 
Nox -0.08128204 0.019803877 -4.10435017 4.75205E-05 -0.12019341 -0.04237068 -0.13249384 -0.03007025 
GR 0.057225417 0.022187221 2.579206181 0.010194369 0.013631167 0.100819666 -0.00014958 0.114600418 
NR -0.03734505 0.01562207 -2.39053171 0.017202179 -0.06803986 -0.00665025 -0.07774292 0.003052809 
Temp -0.02186653 0.044510068 -0.49127161 0.623455221 -0.10932152 0.06558845 -0.13696726 0.093234193 
Pressure 0.048956696 0.018596107 2.63263144 0.008741202 0.012418396 0.085494996 0.000868128 0.097045263 
Rain -0.04972323 0.073724148 -0.6744497 0.500344827 -0.19457909 0.095132629 -0.24037005 0.140923591 
RelaHumid -0.02303492 0.012443344 -1.85118393 0.064747063 -0.04748405 0.001414212 -0.05521276 0.009142923 
WindSpeed 0.433737957 0.156724571 2.767517272 0.005863126 0.125799882 0.741676032 0.028456351 0.839019563 
WindDirect 0.003133183 0.002679613 1.169267067 0.242866851 -0.00213182 0.008398182 -0.00379616 0.010062522 
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Table E3: DD_91-180_Day2001: Multiple regression analysis result of Dindang Air Quality 
Station measured on the SE quadrant (091 – 180 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.704745021        
R Square 0.496665544        
Adjusted R 
Square 0.480901154        
Standard Error 3.430362022        
Observations 462        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 5190.328016 370.7377154 31.50553496 6.79149E-58    
Residual 447 5260.020469 11.7673836      
Total 461 10450.34848          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 30.19331277 32.50926658 0.928760195 0.353514627 -33.6966994 94.08332489 -53.9041216 114.2907471 
CO -0.47479958 0.253614449 -1.87213143 0.06184112 -0.97322455 0.023625389 -1.13086866 0.181269494 
THC 0.365118414 0.378181522 0.9654581 0.334837443 -0.3781165 1.10835333 -0.61319021 1.343427033 
NMHC 0.353605666 0.213552897 1.65582238 0.098459598 -0.06608689 0.773298222 -0.19882915 0.906040483 
NO 0.099568629 0.095203924 1.045845852 0.296197418 -0.08753433 0.286671586 -0.1467121 0.345849355 
NO2 0.200240261 0.096541982 2.074126278 0.038639484 0.010507639 0.389972883 -0.04950185 0.449982376 
Nox -0.11598186 0.095572544 -1.21354789 0.22556125 -0.30380926 0.07184554 -0.36321616 0.13125244 
GR 0.015258033 0.005425647 2.812205425 0.005136897 0.004595084 0.025920981 0.001222559 0.029293506 
NR -0.00940103 0.005663705 -1.65987282 0.097641366 -0.02053183 0.001729771 -0.02405233 0.005250271 
Temp 0.161051095 0.083239053 1.934802092 0.053645161 -0.00253747 0.324639655 -0.054278 0.376380186 
Pressure -0.035827 0.041450042 -0.86434162 0.387863836 -0.11728819 0.045634198 -0.14305311 0.071399114 
Rain 0.074480021 0.171961934 0.433119235 0.665137065 -0.26347439 0.412434432 -0.37036414 0.519324182 
RelaHumid -0.11012695 0.017974129 -6.12697014 1.96665E-09 -0.14545126 -0.07480264 -0.15662379 -0.06363011 
WindSpeed -0.16429668 0.364578298 -0.45064854 0.652461383 -0.88079737 0.55220401 -1.10741545 0.778822091 
WindDirect 0.006323001 0.010795974 0.585681424 0.558385194 -0.01489418 0.027540179 -0.02160484 0.034250844 

 
Table E4: DD_91-180_Night2001: Multiple regression analysis result of Dindang Air Quality 

Station measured on the SE quadrant (091 – 180 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.591504013        
R Square 0.349876997        
Adjusted R 
Square 0.32623616        
Standard Error 1.768506466        
Observations 400        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 648.0281785 46.28772704 14.7996877 1.53723E-28    
Residual 385 1204.131821 3.127615121      
Total 399 1852.16          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -63.4003301 18.06922675 -3.50874617 0.000503443 -98.9270616 -27.8735986 -110.175386 -16.6252747 
CO -0.01014747 0.131971373 -0.07689141 0.93874987 -0.26962241 0.249327476 -0.35177627 0.331481337 
THC -0.07450247 0.190602583 -0.3908786 0.69610318 -0.44925491 0.300249967 -0.56790745 0.418902504 
NMHC -0.01469741 0.124735199 -0.11782891 0.906264672 -0.25994498 0.230550157 -0.33759423 0.308199408 
NO 0.152578823 0.109531558 1.393012445 0.164419827 -0.06277617 0.367933819 -0.13096096 0.436118609 
NO2 0.193559217 0.109498183 1.767693419 0.077904192 -0.02173016 0.408848593 -0.08989417 0.477012607 
Nox -0.15791669 0.109751266 -1.43885983 0.151002698 -0.37370366 0.057870286 -0.44202522 0.126191847 
GR 0.069513126 0.021738321 3.197722769 0.001499746 0.026772419 0.112253832 0.013240037 0.125786214 
NR -0.06352481 0.015715403 -4.04220057 6.39653E-05 -0.09442358 -0.03262604 -0.10420662 -0.022843 
Temp 0.087662514 0.060193493 1.456345345 0.146112189 -0.03068666 0.206011689 -0.06815788 0.243482906 
Pressure 0.081745456 0.023086008 3.540909052 0.000447595 0.036355001 0.127135911 0.021983667 0.141507245 
Rain -0.00898648 0.034775779 -0.25841208 0.796226982 -0.07736073 0.059387766 -0.09900909 0.081036132 
RelaHumid 0.016626556 0.012140829 1.36947451 0.171649264 -0.00724408 0.040497194 -0.0148019 0.048055014 
WindSpeed 0.263979824 0.18796751 1.404390702 0.161008749 -0.10559168 0.633551325 -0.22260385 0.750563496 
WindDirect -0.00955151 0.004712997 -2.02663267 0.043388812 -0.01881795 -0.00028508 -0.02175185 0.002648825 
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Table E5: DD_181-270_Day2001: Multiple regression analysis result of Dindang Air Quality 
Station measured on the SW quadrant (181 – 270 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.816969176        
R Square 0.667438635        
Adjusted R 
Square 0.662327922        
Standard Error 4.698704836        
Observations 926        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 40365.86405 2883.276004 130.5960041 1.8856E-206    
Residual 911 20112.90052 22.07782714      
Total 925 60478.76458          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -197.554878 38.48622022 -5.13313277 3.48389E-07 -273.086831 -122.022926 -296.89693 -98.2128259 
CO -0.66876293 0.260101235 -2.57116399 0.010293403 -1.17923016 -0.1582957 -1.34014584 0.00261998 
THC -2.01933958 0.319766866 -6.31503696 4.21611E-10 -2.64690486 -1.39177429 -2.84473361 -1.19394554 
NMHC 1.275795269 0.215111017 5.930869032 4.27516E-09 0.853624554 1.697965985 0.720542772 1.831047767 
NO 0.230386056 0.289958612 0.794548073 0.427083368 -0.3386784 0.799450515 -0.51806582 0.978837928 
NO2 0.501934475 0.289618812 1.733086576 0.083418654 -0.0664631 1.070332053 -0.24564029 1.249509243 
Nox -0.26111005 0.289692481 -0.90133526 0.367648313 -0.82965221 0.307432111 -1.00887497 0.486654878 
GR 0.007189172 0.006116892 1.175298191 0.240182517 -0.00481566 0.019194009 -0.00859998 0.022978319 
NR 0.002317057 0.005989721 0.386838944 0.698965787 -0.0094382 0.014072311 -0.01314383 0.017777945 
Temp 1.352033756 0.181943743 7.431053867 2.47973E-13 0.994956182 1.709111331 0.88239385 1.821673662 
Pressure 0.215678087 0.044256617 4.873352333 1.29379E-06 0.12882132 0.302534855 0.101441274 0.3299149 
Rain 0.261976073 0.117805021 2.223810755 0.026405698 0.030775316 0.49317683 -0.0421066 0.566058742 
RelaHumid -0.035676 0.030083634 -1.18589385 0.235973434 -0.09471728 0.023365282 -0.11332898 0.041976991 
WindSpeed -0.03864012 0.645616805 -0.05984994 0.95228828 -1.30570916 1.228428908 -1.70513005 1.627849804 
WindDirect 0.002481768 0.008353492 0.297093533 0.766462828 -0.01391255 0.018876092 -0.01908057 0.024044109 

 
Table E6: DD_181-270_Night2001: Multiple regression analysis result of Dindang Air 

Quality Station measured on the SW quadrant (181 – 270 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.548469411        
R Square 0.300818695        
Adjusted R 
Square 0.29187939        
Standard Error 2.385916456        
Observations 1110        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 2681.881592 191.5629709 33.65124206 2.41796E-75    
Residual 1095 6233.394083 5.692597336      
Total 1109 8915.275676          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -132.277504 18.37508055 -7.19874415 1.1267E-12 -168.331888 -96.223119 -179.691228 -84.8637794 
CO -0.26097013 0.101391918 -2.57387509 0.010187232 -0.45991474 -0.06202552 -0.52259448 0.000654213 
THC -0.49793637 0.146218348 -3.40543012 0.000684558 -0.78483647 -0.21103626 -0.87522758 -0.12064515 
NMHC 0.162556863 0.109399538 1.485900812 0.137593201 -0.05209978 0.377213501 -0.11972977 0.444843491 
NO -0.01163273 0.127467455 -0.09126038 0.92730239 -0.26174106 0.238475598 -0.3405405 0.317275042 
NO2 0.067066508 0.127732395 0.525054807 0.59965138 -0.18356167 0.317694682 -0.26252489 0.396657909 
Nox 0.000129755 0.127582435 0.00101703 0.999188713 -0.25020418 0.250463687 -0.3290747 0.329334209 
GR 0.023969299 0.014583444 1.643596593 0.100546628 -0.00464538 0.052583981 -0.01366076 0.061599359 
NR -0.00476585 0.011794479 -0.40407469 0.686236701 -0.02790821 0.018376506 -0.03519947 0.025667766 
Temp -0.19342832 0.098893644 -1.95592268 0.050728234 -0.38747098 0.000614337 -0.4486063 0.06174966 
Pressure 0.186483249 0.021841633 8.537972047 4.50791E-17 0.143627022 0.229339476 0.130124685 0.242841813 
Rain -0.0634846 0.141393346 -0.44899286 0.653525648 -0.34091741 0.213948198 -0.42832573 0.301356525 
RelaHumid 0.006969951 0.014673803 0.474992839 0.6348868 -0.02182203 0.03576193 -0.03089326 0.044833167 
WindSpeed -0.57708718 0.147234312 -3.91951556 9.42328E-05 -0.86598074 -0.28819361 -0.95699991 -0.19717444 
WindDirect 0.001855708 0.00369837 0.501763757 0.615934579 -0.00540099 0.009112407 -0.0076873 0.011398712 
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Table E7: DD_271-360_Day2001: Multiple regression analysis result of Dindang Air Quality 
Station measured on the NW quadrant (271 – 360 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.750335574        
R Square 0.563003473        
Adjusted R 
Square 0.55128326        
Standard Error 2.708124502        
Observations 537        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 4932.201889 352.300135 48.03696455 2.25296E-84    
Residual 522 3828.315802 7.333938317      
Total 536 8760.517691          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -49.8133095 30.98033165 -1.60790111 0.108461475 -110.674718 11.04809884 -129.905989 30.27936955 
CO 0.456660535 0.15695905 2.909424681 0.00377535 0.14831171 0.76500936 0.050878215 0.862442855 
THC -0.13540243 0.217496906 -0.62254877 0.533852936 -0.56267894 0.291874079 -0.69769176 0.426886896 
NMHC 0.567707382 0.132097113 4.297651708 2.05975E-05 0.308200272 0.827214491 0.22620001 0.909214754 
NO -0.00621365 0.018148136 -0.34238485 0.732199103 -0.04186598 0.029438686 -0.05313157 0.040704276 
NO2 0.060981625 0.020124771 3.030177426 0.002565261 0.021446158 0.100517092 0.008953558 0.113009693 
Nox -0.01316269 0.018170676 -0.72439177 0.469149796 -0.0488593 0.022533926 -0.06013889 0.033813508 
GR 0.002002722 0.004523473 0.442739878 0.658137299 -0.00688372 0.010889166 -0.0096917 0.013697145 
NR 0.003393596 0.004719156 0.719110746 0.472394477 -0.00587727 0.012664461 -0.00880672 0.015593913 
Temp 0.067772838 0.092785413 0.730425564 0.465457785 -0.11450574 0.25005142 -0.17210298 0.307648654 
Pressure 0.068834128 0.037659242 1.827815019 0.068147953 -0.00514812 0.142816374 -0.02852537 0.166193628 
Rain 0.109181415 0.102094462 1.069415643 0.285376679 -0.09138496 0.309747788 -0.15476085 0.373123683 
RelaHumid -0.0665688 0.016689192 -3.98873707 7.59145E-05 -0.09935501 -0.03378259 -0.10971495 -0.02342265 
WindSpeed -1.35882373 0.432636955 -3.14079441 0.0017804 -2.20874666 -0.50890079 -2.47730926 -0.24033819 
WindDirect 0.015906043 0.006937778 2.292670997 0.022263819 0.002276655 0.029535431 -0.00203002 0.033842108 

 
Table E8: DD_271-360_Night2001: Multiple regression analysis result of Dindang Air 

Quality Station measured on the NW quadrant (271 – 360 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.540003586        
R Square 0.291603873        
Adjusted R 
Square 0.267414737        
Standard Error 1.285317373        
Observations 425        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 278.8185873 19.91561338 12.05515869 1.52773E-23    
Residual 410 677.3367068 1.652040748      
Total 424 956.1552941          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -53.2821235 14.13301286 -3.77004706 0.000187193 -81.0643509 -25.4998962 -89.8566115 -16.7076356 
WindDirect 0.007670718 0.003725271 2.059103595 0.040115371 0.0003477 0.014993737 -0.00196982 0.017311258 
CO -0.06262357 0.107681358 -0.58156375 0.561180163 -0.27430016 0.149053016 -0.3412896 0.216042452 
THC -0.30391964 0.13854941 -2.19358306 0.028826164 -0.57627566 -0.03156361 -0.66246836 0.054629086 
NMHC 0.384063825 0.083105979 4.621374192 5.11383E-06 0.220696734 0.547430915 0.168995839 0.599131811 
NO 0.02742678 0.00989216 2.772577479 0.005815046 0.007981086 0.046872473 0.001827094 0.053026465 
NO2 0.047188634 0.012033122 3.921562099 0.000103109 0.023534306 0.070842962 0.016048405 0.078328864 
Nox -0.02724285 0.0098644 -2.76173356 0.006008004 -0.04663397 -0.00785172 -0.05277069 -0.001715 
GR 0.041383812 0.012170782 3.400259209 0.000739247 0.017458877 0.065308747 0.009887336 0.072880288 
NR -0.03245583 0.01150747 -2.82041417 0.005029043 -0.05507685 -0.00983481 -0.06223574 -0.00267592 
Pressure 0.061326077 0.017243628 3.556448667 0.000419784 0.027429102 0.095223052 0.016701703 0.105950451 
Rain -0.06381111 0.042882179 -1.48805667 0.137504644 -0.14810754 0.020485311 -0.17478488 0.047162659 
RelaHumid 0.023890409 0.010691796 2.234461703 0.025990943 0.002872816 0.044908002 -0.00377864 0.051559454 
Temp 0.111365277 0.046827298 2.37821276 0.01785417 0.019313664 0.203416891 -0.00981797 0.232548528 
WindSpeed 0.521242326 0.260660374 1.999699144 0.046192075 0.008844451 1.033640202 -0.15331446 1.195799111 
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Table E9: NH_0-90_Day2001: Multiple regression analysis result of National Housing 
Quality Station measured on the NE quadrant (000 – 090 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.837175989        
R Square 0.700863636        
Adjusted R 
Square 0.694998218        
Standard Error 11.65846061        
Observations 729        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 227376.1711 16241.15508 119.4908069 2.7944E-176    
Residual 714 97046.66845 135.9197037      
Total 728 324422.8395          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -1063.987 218.445632 -4.87071768 1.37025E-06 -1492.85909 -635.114914 -1628.17276 -499.801246 
CO 3.22645702 1.462154133 2.206646309 0.027656321 0.355824677 6.097089363 -0.54989011 7.002804147 
THC -1.45802812 1.091907286 -1.33530396 0.182202426 -3.60175859 0.685702352 -4.27812817 1.362071929 
NMHC -5.21696621 1.810366556 -2.88171818 0.004073843 -8.77124046 -1.66269196 -9.89265148 -0.54128094 
NO 0.417988007 0.775341749 0.539101639 0.589984778 -1.10423256 1.940208579 -1.58450921 2.420485226 
NO2 0.497769016 0.77405474 0.643066944 0.520387124 -1.02192479 2.017462817 -1.50140421 2.496942242 
NOx -0.55199342 0.775225899 -0.71204203 0.476671339 -2.07398655 0.969999701 -2.55419143 1.450204587 
GR 0.008505784 0.004941695 1.72122803 0.085642634 -0.0011962 0.018207764 -0.00425727 0.021268841 
NR 0.025585534 0.006305994 4.057335582 5.51098E-05 0.01320504 0.037966028 0.009298863 0.041872204 
Temp 2.154555836 0.346225964 6.222975919 8.3122E-10 1.474813921 2.834297751 1.260348177 3.048763495 
Pressure 1.433579165 0.277575615 5.164643754 3.12787E-07 0.888617783 1.978540547 0.716676718 2.150481612 
Rain 0.852474762 0.186130083 4.579994532 5.48589E-06 0.487047463 1.217902061 0.371751295 1.333198229 
RelaHumid -0.53423985 0.052984218 -10.0829996 1.91923E-22 -0.63826322 -0.43021647 -0.6710837 -0.397396 
WindSpeed -11.4684854 0.854527115 -13.4208561 8.76092E-37 -13.1461698 -9.79080103 -13.675497 -9.26147391 
WindDirect 0.065946148 0.017854885 3.693451347 0.000238124 0.030891834 0.101000462 0.019831829 0.112060468 

 
Table E10: NH_0-90_Night2001: Multiple regression analysis result of National Housing 

Quality Station measured on the NE quadrant (000 – 090 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.445171129        
R Square 0.198177334        
Adjusted R 
Square 0.181837426        
Standard Error 3.327548781        
Observations 702        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 1880.101314 134.292951 12.12842356 1.77487E-25    
Residual 687 7606.863074 11.07258089      
Total 701 9486.964387          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -100.768616 68.30935213 -1.47518038 0.140622187 -234.888681 33.35144919 -277.211763 75.67453184 
CO 1.600217463 0.378868559 4.223674477 2.72738E-05 0.856338709 2.344096216 0.62159947 2.578835455 
THC -0.40847715 0.238354982 -1.71373445 0.087028602 -0.87646849 0.059514202 -1.02414838 0.207194092 
NMHC -2.14784962 0.433513177 -4.95451981 9.13941E-07 -2.99901881 -1.29668044 -3.26761474 -1.02808451 
NO 0.021916123 0.252327838 0.086855747 0.930811484 -0.47350983 0.517342078 -0.62984702 0.673679265 
NO2 -0.0014139 0.251887062 -0.00561323 0.995522941 -0.49597443 0.493146626 -0.65203852 0.649210717 
NOx -0.03902417 0.25215951 -0.15475986 0.877056092 -0.53411963 0.456071285 -0.69035252 0.612304179 
GR 0.059619553 0.020453152 2.91493229 0.003673435 0.01946139 0.099777715 0.006789034 0.112450072 
NR -0.02559623 0.023258012 -1.10053368 0.271485124 -0.07126151 0.02006906 -0.0856717 0.034479251 
Temp -0.22197753 0.093904123 -2.36387412 0.018362279 -0.40635092 -0.03760413 -0.464532 0.020576949 
Pressure 0.160172686 0.089436306 1.790913475 0.073747303 -0.0154285 0.335773872 -0.07084141 0.391186785 
Rain 0.15702731 0.065893541 2.383045545 0.017440931 0.027650501 0.28640412 -0.01317579 0.327230416 
RelaHumid -0.07297065 0.021802112 -3.34695319 0.000861569 -0.11577739 -0.03016391 -0.12928553 -0.01665576 
WindSpeed -0.4082731 0.307775118 -1.32653055 0.185104806 -1.01256544 0.19601925 -1.20325664 0.386710442 
WindDirect 0.005031858 0.005507926 0.913566675 0.361265082 -0.00578252 0.015846239 -0.00919512 0.019258838 
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Table E11: NH_91-180_Day2001: Multiple regression analysis result of National Housing 
Quality Station measured on the SE quadrant (091 – 180 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.813350412        
R Square 0.661538893        
Adjusted R 
Square 0.655393036        
Standard Error 12.92296055        
Observations 786        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 251666.2785 17976.16275 107.6398178 1.717E-170    
Residual 771 128759.2432 167.0029094      
Total 785 380425.5216          
         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -600.609486 220.7060129 -2.72131003 0.006649026 -1033.86516 -167.353812 -1170.52078 -30.6981893 
CO 1.672618573 1.720421187 0.972214587 0.331248712 -1.70464438 5.049881526 -2.76988599 6.115123139 
THC -0.18697053 1.137277965 -0.16440179 0.869457946 -2.41949752 2.04555646 -3.12367149 2.749730428 
NMHC -4.7888957 1.62979534 -2.93834175 0.00339818 -7.9882561 -1.5895353 -8.99738446 -0.58040693 
NO 1.098285879 0.734416389 1.495453934 0.1352052 -0.34340601 2.539977764 -0.7981382 2.994709957 
NO2 1.283940024 0.730931968 1.756579383 0.079386464 -0.15091179 2.718791835 -0.60348651 3.171366561 
NOx -1.37547106 0.732584655 -1.87755921 0.060818781 -2.81356717 0.062625045 -3.2671652 0.516223074 
GR 0.005159287 0.004516935 1.142209666 0.253721468 -0.00370766 0.014026231 -0.00650443 0.016823004 
NR 0.020877741 0.006674417 3.128024491 0.001826036 0.007775564 0.033979918 0.003642933 0.03811255 
Temp 2.010101325 0.33505729 5.9992765 3.04666E-09 1.352369032 2.667833617 1.144909969 2.875292681 
Pressure 0.833604103 0.284173211 2.93343662 0.003451727 0.27575951 1.391448695 0.099806591 1.567401614 
Rain 0.84553851 0.697653192 1.211975404 0.225893078 -0.52398559 2.215062611 -0.95595494 2.647031955 
RelaHumid -0.56604587 0.047113062 -12.0146271 1.32977E-30 -0.65853089 -0.47356084 -0.68770212 -0.44438962 
WindSpeed -9.22811116 0.937716172 -9.84104939 1.31782E-21 -11.0688895 -7.38733281 -11.6494998 -6.80672249 
WindDirect 0.013119533 0.019458558 0.67422946 0.500367538 -0.02507848 0.051317544 -0.03712673 0.063365795 

 
Table E12: NH_91-180_Night2001: Multiple regression analysis result of National Housing 

Quality Station measured on the SE quadrant (091 – 180 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.559947016        
R Square 0.313540661        
Adjusted R 
Square 0.302099672        
Standard Error 5.311315502        
Observations 855        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 10823.3708 773.0979141 27.40503123 1.87692E-59    
Residual 840 23696.46078 28.21007236      
Total 854 34519.83158          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -327.128515 97.68924039 -3.34866474 0.000848169 -518.871941 -135.385089 -579.332012 -74.9250179 
CO 2.295783159 0.606458966 3.785553988 0.000164274 1.1054318 3.486134518 0.730093103 3.861473215 
THC 0.576162875 0.326787726 1.763110511 0.078245393 -0.06525268 1.21757843 -0.26750227 1.419828024 
NMHC -2.59674389 0.622748121 -4.16981408 3.36504E-05 -3.81906743 -1.37442034 -4.20448752 -0.98900026 
NO -0.93754202 0.28600502 -3.27806142 0.001088172 -1.4989097 -0.37617434 -1.6759188 -0.19916525 
NO2 -0.96092791 0.286008342 -3.35978978 0.00081518 -1.52230211 -0.3995537 -1.69931326 -0.22254255 
NOx 0.880428705 0.286582049 3.072169758 0.002193635 0.317928436 1.442928974 0.140562218 1.620295192 
GR 0.075036922 0.030965098 2.423274191 0.015591689 0.01425895 0.135814894 -0.00490541 0.154979256 
NR -0.04875705 0.028359469 -1.71925127 0.085937029 -0.10442072 0.006906618 -0.12197246 0.024458351 
Temp 0.573104567 0.119537121 4.794364811 1.9299E-06 0.338478347 0.807730786 0.264496578 0.881712555 
Pressure 0.430446224 0.127401953 3.37864698 0.000761973 0.180382994 0.680509454 0.101533664 0.759358783 
Rain 0.238507932 0.169212038 1.409521067 0.159051258 -0.0936197 0.570635562 -0.19834538 0.675361239 
RelaHumid -0.08557898 0.032228706 -2.65536503 0.008072317 -0.14883715 -0.02232081 -0.16878356 -0.0023744 
WindSpeed 2.260118435 0.489836189 4.614029109 4.56541E-06 1.298673052 3.221563817 0.995512431 3.524724439 
WindDirect 0.001241561 0.008596996 0.144418049 0.885205007 -0.01563253 0.018115656 -0.02095323 0.023436354 
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Table E13: NH_181-270_Day2001: Multiple regression analysis result of National Housing 
Quality Station measured on the SW quadrant (181 – 270 azimuth), day time.  

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.776065907        
R Square 0.602278292        
Adjusted R 
Square 0.596166213        
Standard Error 11.93413575        
Observations 926        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 196479.9496 14034.28211 98.53902372 2.5378E-171    
Residual 911 129747.896 142.4235961      
Total 925 326227.8456          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -1233.60881 151.145504 -8.16173007 1.09265E-15 -1530.24264 -936.974972 -1623.75116 -843.466451 
CO 0.923153336 1.560835321 0.591448261 0.554366839 -2.14009732 3.986403992 -3.10573241 4.952039083 
THC -1.83297487 0.751841774 -2.43797955 0.014959855 -3.30851798 -0.35743176 -3.7736566 0.107706873 
NMHC -0.78418039 1.331359726 -0.58900715 0.5560025 -3.39706882 1.828708038 -4.22073526 2.652374477 
NO 0.338095661 0.723943466 0.467019424 0.640597654 -1.08269503 1.758886354 -1.53057394 2.206765259 
NO2 0.399698843 0.723707597 0.55229328 0.580882902 -1.02062894 1.820026626 -1.46836192 2.267759607 
NOx -0.45645502 0.723721187 -0.63070561 0.528391213 -1.87680947 0.963899439 -2.32455086 1.411640827 
GR 0.010149092 0.003067023 3.309102148 0.000972658 0.004129841 0.016168344 0.002232379 0.018065805 
NR 0.014554064 0.00459231 3.169225215 0.001579451 0.005541329 0.0235668 0.002700224 0.026407904 
Temp 1.342578842 0.213045934 6.301828044 4.57526E-10 0.924460999 1.760696684 0.792656813 1.892500871 
Pressure 1.694268922 0.19491372 8.692404632 1.63009E-17 1.311736843 2.076801001 1.191150433 2.197387411 
Rain 1.372618925 1.160232258 1.183055302 0.237095874 -0.90441964 3.649657492 -1.62221541 4.367453256 
RelaHumid -0.55627434 0.033783073 -16.4660672 1.59073E-53 -0.62257603 -0.48997265 -0.64347646 -0.46907223 
WindSpeed -7.98911464 0.878089042 -9.09829671 5.64637E-19 -9.71242703 -6.26580226 -10.2556705 -5.7225588 
WindDirect -0.01412665 0.016266749 -0.86843733 0.385383684 -0.04605131 0.017798003 -0.05611498 0.02786168 

 
Table E14: NH_181-270_Night2001: Multiple regression analysis result of National Housing 

Quality Station measured on the SW quadrant (181 – 270 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.54862779        
R Square 0.300992452        
Adjusted R 
Square 0.287438289        
Standard Error 5.234583677        
Observations 737        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 8518.737377 608.4812412 22.20664249 1.81569E-47    
Residual 722 19783.42545 27.40086627      
Total 736 28302.16282          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -318.3385 92.20956478 -3.45233708 0.000588137 -499.369246 -137.307753 -556.48406 -80.1929396 
CO -0.04798901 0.747846604 -0.06416959 0.948852953 -1.51620144 1.420223418 -1.97941932 1.883441304 
THC -0.61986109 0.311699553 -1.98864927 0.047116999 -1.23180631 -0.00791586 -1.42487372 0.185151547 
NMHC -1.76490074 0.639973566 -2.75777131 0.005966829 -3.02133105 -0.50847043 -3.41773213 -0.11206934 
NO -0.21049236 0.33285388 -0.63238667 0.527334451 -0.86396888 0.442984173 -1.07013933 0.649154623 
NO2 -0.3080384 0.333385414 -0.92397085 0.355810182 -0.96255847 0.346481662 -1.16905815 0.552981345 
NOx 0.206440906 0.333007333 0.619929009 0.535500123 -0.44733689 0.860218703 -0.65360239 1.066484201 
GR 0.078956456 0.031089178 2.539676508 0.011304091 0.017920519 0.139992393 -0.00133619 0.1592491 
NR -0.05277075 0.033123951 -1.59312974 0.111568755 -0.11780146 0.01225996 -0.13831851 0.03277701 
Temp 0.217968409 0.133072601 1.637966101 0.101864467 -0.04328683 0.479223652 -0.12571231 0.561649123 
Pressure 0.461945445 0.120544432 3.832159108 0.000138089 0.225286171 0.698604718 0.150620676 0.773270213 
Rain 0.247427875 0.204440375 1.210269128 0.226571708 -0.1539404 0.648796147 -0.28057123 0.77542698 
RelaHumid -0.1651768 0.026805425 -6.16206602 1.19301E-09 -0.21780264 -0.11255096 -0.23440599 -0.09594762 
WindSpeed 0.560859386 0.529254299 1.059716259 0.289628084 -0.47820094 1.599919715 -0.80602226 1.927741029 
WindDirect -0.0469939 0.008412478 -5.58621447 3.28885E-08 -0.06350973 -0.03047808 -0.06872044 -0.02526737 
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Table E15: NH_271-360_Day2001: Multiple regression analysis result of National Housing 
Quality Station measured on the NW quadrant (271 – 360 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.793034035        
R Square 0.62890298        
Adjusted R 
Square 0.609660913        
Standard Error 10.97110708        
Observations 285        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 55075.80556 3933.986112 32.68375261 4.73021E-50    
Residual 270 32498.60145 120.3651906      
Total 284 87574.40702          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -1254.39092 345.2749405 -3.63302046 0.00033521 -1934.16399 -574.617857 -2150.09279 -358.689055 
CO -8.96830644 2.649624533 -3.38474615 0.000818227 -14.1848547 -3.75175817 -15.8418827 -2.09473015 
THC -5.04191445 1.211702097 -4.16101818 4.26268E-05 -7.42749867 -2.65633023 -8.18527559 -1.89855331 
NMHC -2.53996277 1.991106483 -1.27565391 0.203174284 -6.46002879 1.380103236 -7.70523134 2.625305787 
NO -1.82740188 1.283991845 -1.42321922 0.155827062 -4.35530926 0.700505513 -5.15829491 1.503491157 
NO2 -1.80871711 1.288014197 -1.40426799 0.161388319 -4.34454365 0.727109438 -5.1500448 1.532610589 
NOx 1.850359501 1.28339462 1.441769719 0.150526208 -0.67637208 4.377091079 -1.47898423 5.179703229 
GR -0.0070892 0.005654899 -1.25363848 0.211057847 -0.01822249 0.004044097 -0.02175897 0.00758057 
NR 0.019730709 0.008096318 2.436997799 0.015455967 0.003790778 0.035670641 -0.00127252 0.040733934 
Temp 2.861989036 0.430071393 6.654683582 1.57614E-10 2.015269756 3.708708317 1.746310762 3.97766731 
Pressure 1.617107688 0.443240221 3.648377587 0.000316688 0.74446178 2.489753595 0.467267236 2.766948139 
Rain -0.15471412 0.311610252 -0.4964988 0.61994651 -0.76820856 0.458780325 -0.96308406 0.65365583 
RelaHumid -0.20940212 0.062677772 -3.34093105 0.000952804 -0.33280134 -0.08600289 -0.37199891 -0.04680532 
WindSpeed -5.63857139 1.167055505 -4.83145091 2.27526E-06 -7.93625595 -3.34088683 -8.66611168 -2.61103109 
WindDirect 0.056775417 0.028740604 1.975442759 0.049236181 0.00019127 0.113359565 -0.01778259 0.131333427 

 
Table E16: NH_271-360_Night2001: Multiple regression analysis result of National Housing 

Quality Station measured on the NW quadrant (271 – 360 azimuth), night time.  
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.435566092        
R Square 0.18971782        
Adjusted R 
Square 0.155956063        
Standard Error 3.391996674        
Observations 351        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 905.1529093 64.65377924 5.619311151 8.64703E-10    
Residual 336 3865.895524 11.50564144      
Total 350 4771.048433          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -256.968548 105.9167482 -2.42613706 0.015786378 -465.312151 -48.6249461 -531.349269 17.41217159 
CO 3.291914486 0.618197303 5.325022398 1.85129E-07 2.075889114 4.507939858 1.690454621 4.89337435 
THC -0.50803604 0.305056458 -1.66538367 0.096768295 -1.10809753 0.092025443 -1.29829455 0.282222457 
NMHC -0.1682672 0.590699476 -0.28486092 0.775926192 -1.33020295 0.993668557 -1.69849306 1.361958667 
NO -0.00117107 0.362938115 -0.00322664 0.997427429 -0.71508871 0.712746562 -0.94137385 0.93903171 
NO2 -0.03534572 0.363170131 -0.09732552 0.922525916 -0.74971975 0.679028299 -0.97614955 0.905458105 
NOx -0.03277859 0.364120342 -0.0900213 0.928323928 -0.74902172 0.683464549 -0.97604396 0.910486793 
GR 0.008242223 0.032037324 0.257269397 0.797128293 -0.05477681 0.07126126 -0.07475149 0.091235934 
NR 0.007601491 0.033045748 0.230029314 0.818208969 -0.05740117 0.072604149 -0.07800458 0.093207557 
Temp 0.286439506 0.128866626 2.222759414 0.026897119 0.032952333 0.539926679 -0.04739361 0.620272617 
Pressure 0.337961314 0.13758322 2.456413743 0.014538502 0.067328158 0.608594469 -0.01845241 0.694375042 
Rain 0.493979115 0.117391324 4.207969525 3.31051E-05 0.263064441 0.724893789 0.189873139 0.798085091 
RelaHumid 0.030778968 0.0305501 1.007491554 0.314423597 -0.02931462 0.09087256 -0.04836204 0.109919977 
WindSpeed 1.292837853 0.41423666 3.121012643 0.001958581 0.478013385 2.107662321 0.219744551 2.365931155 
WindDirect -0.01215217 0.007922233 -1.53393227 0.125987349 -0.0277356 0.003431264 -0.03267497 0.008370629 
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Table E17: TH_0-90_Day2001: Multiple regression analysis result of Thonburi Highway 
Quality Station measured on the NE quadrant (000 – 090 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.880469127        
R Square 0.775225884        
Adjusted R 
Square 0.754658318        
Standard Error 12.53779169        
Observations 168        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 82949.82945 5924.987818 37.69166839 2.06821E-42    
Residual 153 24051.02174 157.1962206      
Total 167 107000.8512          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 498.1724212 473.4432869 1.052232517 0.294351888 -437.157756 1433.502599 -736.728573 1733.073416 
CO 5.861212071 1.330366536 4.405712195 1.97301E-05 3.23295225 8.489471892 2.391164014 9.331260129 
THC -11.8116612 4.265586906 -2.76905886 0.006317518 -20.2387153 -3.3846072 -22.9377616 -0.6855609 
NMHC 12.14813435 5.655725215 2.147935745 0.033293132 0.974735938 23.32153276 -2.60391914 26.90018784 
NO 2.699233049 1.824019714 1.479826686 0.140975632 -0.90428342 6.302749522 -2.05843027 7.456896367 
NO2 2.882370682 1.832781735 1.572675364 0.117859663 -0.73845596 6.503197323 -1.89814696 7.662888329 
NOx -2.9142728 1.830583707 -1.59199101 0.113450693 -6.53075704 0.702211433 -7.68905725 1.860511638 
GR 0.103696841 0.023635259 4.387379054 2.1265E-05 0.057003242 0.150390441 0.042048053 0.16534563 
NR -0.09256856 0.034110097 -2.71381698 0.007414678 -0.15995615 -0.02518097 -0.18153929 -0.00359783 
Temp 1.138148686 0.657977909 1.729767322 0.085688507 -0.16174638 2.438043756 -0.57808132 2.85437869 
Pressure -0.58155098 0.608599953 -0.95555542 0.340804252 -1.78389542 0.620793455 -2.1689865 1.005884532 
Rain 0.498576922 0.246513416 2.022514353 0.044865282 0.011567298 0.985586547 -0.14441385 1.141567691 
RelaHumid -0.62321656 0.117797591 -5.29057136 4.15272E-07 -0.85593639 -0.39049673 -0.93047271 -0.31596041 
Windspeed -5.40322534 1.650979838 -3.27273854 0.001316711 -8.66488584 -2.14156485 -9.70954185 -1.09690883 
WindDirect -0.08264891 0.053199079 -1.55357791 0.122351222 -0.18774852 0.022450694 -0.22141019 0.056112364 

 
Table E18: TH_0-90_Night2001: Multiple regression analysis result of Thonburi Highway 

Quality Station measured on the NE quadrant (000 – 090 azimuth), night time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.592112091        
R Square 0.350596729        
Adjusted R 
Square 0.298644467        
Standard Error 5.707992409        
Observations 190        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 3078.209755 219.8721254 6.748440153 6.56315E-11    
Residual 175 5701.706034 32.58117734      
Total 189 8779.915789          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -287.497316 261.6661454 -1.09871804 0.273400369 -803.924917 228.9302855 -968.931104 393.9364732 
CO -1.00828211 0.594376119 -1.6963705 0.09159379 -2.18135031 0.164786082 -2.55616279 0.539598564 
THC -0.65613498 1.116942143 -0.58743865 0.557666324 -2.86054607 1.548276099 -3.56488772 2.252617749 
NMHC 6.34362266 1.985166935 3.19551094 0.001656116 2.425672187 10.26157313 1.173829587 11.51341573 
NO 0.016771519 0.396436238 0.042305716 0.966303218 -0.76564003 0.799183072 -1.01563199 1.049175031 
NO2 0.024428113 0.404173235 0.060439711 0.951874399 -0.77325327 0.822109501 -1.02812417 1.076980396 
NOx -0.16283187 0.396219095 -0.41096421 0.681601568 -0.94481487 0.61915113 -1.19466989 0.869006159 
GR 0.11675154 0.061860752 1.887328172 0.060771718 -0.00533762 0.2388407 -0.0443469 0.277849976 
NR -0.07451939 0.077603131 -0.96026263 0.338247919 -0.2276779 0.07863913 -0.27661429 0.12757552 
Temp -0.15347396 0.298269871 -0.5145473 0.607518622 -0.74214313 0.435195219 -0.93023156 0.623283649 
Pressure 0.413364499 0.336145318 1.229719637 0.220452796 -0.25005614 1.076785133 -0.46202875 1.288757749 
Rain 0.283798958 0.163185123 1.73912274 0.083771615 -0.03826526 0.605863173 -0.14116949 0.708767409 
RelaHumid -0.16747138 0.090223712 -1.85617923 0.065109326 -0.34553803 0.010595275 -0.40243294 0.067490181 
Windspeed 2.847184305 1.188502131 2.395607236 0.01764784 0.501541527 5.192827084 -0.24792572 5.942294331 
WindDirect 0.030531308 0.017729895 1.72202416 0.086832013 -0.00446064 0.065523253 -0.01564108 0.076703692 
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Table E19: TH_91-180_Day2001: Multiple regression analysis result of Thonburi Highway 
Quality Station measured on the SE quadrant (091 – 180 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.831867246        
R Square 0.692003114        
Adjusted R 
Square 0.688912106        
Standard Error 7.659686608        
Observations 1410        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 183889.9241 13134.99458 223.8761841 0    
Residual 1395 81845.76451 58.67079893      
Total 1409 265735.6887          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 185.6766375 96.54883514 1.923137004 0.054666194 -3.71996689 375.0732419 -63.3578897 434.7111647 
CO -0.52949641 0.286995823 -1.84496209 0.065254898 -1.09248647 0.033493645 -1.26976292 0.210770094 
THC 5.078039809 1.094530148 4.639470021 3.82089E-06 2.930936811 7.225142808 2.254848856 7.901230763 
NMHC -6.11840346 1.573837988 -3.8875688 0.00010601 -9.20574854 -3.03105839 -10.1779035 -2.05890343 
NO -1.25927916 0.395369352 -3.18507024 0.001479203 -2.03486193 -0.48369639 -2.27908038 -0.23947794 
NO2 -0.11074568 0.395370242 -0.28010625 0.779437518 -0.88633019 0.664838836 -1.13054919 0.909057836 
NOx 0.707957871 0.395247824 1.791174621 0.073481983 -0.0673865 1.483302241 -0.31152988 1.727445624 
GR 0.002476873 0.002623089 0.944258083 0.34520129 -0.00266875 0.007622497 -0.00428903 0.009242771 
NR 0.018085049 0.003749369 4.82349071 1.56541E-06 0.010730037 0.02544006 0.008414062 0.027756035 
Temp -1.30614365 0.228035348 -5.72781223 1.24433E-08 -1.75347293 -0.85881438 -1.89432967 -0.71795764 
Pressure -0.12299116 0.125224994 -0.98216144 0.326190626 -0.36864082 0.122658501 -0.44599192 0.2000096 
Rain 0.171226346 0.142693219 1.199961345 0.2303581 -0.10869014 0.451142837 -0.19683131 0.539284005 
RelaHumid -0.50133643 0.04369204 -11.4743196 3.45717E-29 -0.58704563 -0.41562722 -0.61403407 -0.38863878 
Windspeed -2.89959294 0.486959868 -5.9544803 3.29667E-09 -3.85484574 -1.94434014 -4.15563938 -1.6435465 
WindDirect -0.05390096 0.013312135 -4.04900956 5.42625E-05 -0.08001493 -0.02778699 -0.0882378 -0.01956413 

 
Table E20: TH_91-180_Night2001: Multiple regression analysis result of Thonburi Highway 

Quality Station measured on the SE quadrant (091 – 180 azimuth), night time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.638791304        
R Square 0.40805433        
Adjusted R 
Square 0.402100853        
Standard Error 4.434034656        
Observations 1407        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 18865.72693 1347.551924 68.54051163 2.4508E-147    
Residual 1392 27367.64336 19.66066333      
Total 1406 46233.37029          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -156.791491 64.91102047 -2.41548337 0.015842458 -284.125553 -29.4574286 -324.220598 10.63761685 
CO -0.42339936 0.110018492 -3.84843815 0.000124257 -0.63921944 -0.20757928 -0.70717703 -0.13962169 
THC -1.60708348 0.363366161 -4.42276595 1.05028E-05 -2.31988832 -0.89427865 -2.54433684 -0.66983013 
NMHC 4.502142368 0.632025041 7.123360744 1.68393E-12 3.262317216 5.74196752 2.871920137 6.132364598 
NO -0.51787952 0.238378122 -2.1725128 0.029985265 -0.98549896 -0.05026009 -1.13274332 0.09698427 
NO2 -0.12723134 0.238342407 -0.53381749 0.593553046 -0.59478072 0.340318027 -0.74200301 0.487540326 
NOx 0.329984248 0.238452422 1.383857817 0.166623842 -0.13778094 0.797749432 -0.28507119 0.945039686 
GR 0.066391596 0.014988049 4.429635682 1.01782E-05 0.036989976 0.095793216 0.027731972 0.10505122 
NR 0.086944234 0.016946796 5.130423138 3.29921E-07 0.053700197 0.120188271 0.04323229 0.130656179 
Temp -0.33012871 0.110559427 -2.98598425 0.002876052 -0.54700992 -0.11324749 -0.61530164 -0.04495577 
Pressure 0.237111472 0.08490419 2.792694598 0.005298642 0.070557391 0.403665553 0.018112716 0.456110228 
Rain -0.08994516 0.149006167 -0.60363379 0.54618549 -0.38224622 0.202355909 -0.4742862 0.294395889 
RelaHumid -0.06704642 0.023254742 -2.88312889 0.00399797 -0.11266457 -0.02142827 -0.12702885 -0.00706399 
Windspeed 1.830184782 0.305525144 5.990291852 2.66265E-09 1.230844987 2.429524577 1.042124421 2.618245143 
WindDirect 0.000394932 0.007198827 0.054860649 0.956257355 -0.0137268 0.014516663 -0.01817346 0.018963324 
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Table E21: TH_181-270_Day2001: Multiple regression analysis result of Thonburi Highway 
Air Quality Station measured on the SW quadrant (181 – 270 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.775673261        
R Square 0.601669008        
Adjusted R 
Square 0.595691908        
Standard Error 9.879256948        
Observations 948        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 137544.6647 9824.618909 100.66237 2.3386E-175    
Residual 933 91060.53675 97.59971784      
Total 947 228605.2015          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -17.4028318 192.2567435 -0.09051871 0.927894458 -394.708165 359.9025016 -513.638555 478.8328915 
CO 5.118637731 1.042314621 4.910837504 1.07039E-06 3.073087296 7.164188167 2.428309474 7.808965989 
THC -7.43821839 1.537786795 -4.83696336 1.54165E-06 -10.4561368 -4.42030001 -11.4074146 -3.46902215 
NMHC 6.398822814 1.980490439 3.230928404 0.001277071 2.512095142 10.28555049 1.286959961 11.51068567 
NO 0.364055448 0.659042166 0.552400843 0.580806058 -0.92931986 1.657430751 -1.3370046 2.065115498 
NO2 1.185290708 0.658512557 1.799951566 0.07219122 -0.10704523 2.477626651 -0.51440236 2.884983781 
NOx -0.9054296 0.656367739 -1.37945476 0.168085117 -2.19355632 0.382697117 -2.59958666 0.788727458 
GR 0.000945794 0.002880098 0.328389491 0.742690874 -0.00470642 0.006598009 -0.00648806 0.008379644 
NR 9.06444E-05 0.003934531 0.023038168 0.981624753 -0.0076309 0.007812192 -0.01006481 0.010246101 
Temp 0.26180693 0.332168849 0.788174242 0.430794996 -0.39007698 0.913690843 -0.59555727 1.119171129 
Pressure 0.065418643 0.246525478 0.265362603 0.790788761 -0.4183895 0.549226784 -0.57089063 0.701727918 
Rain 0.50558785 0.151786241 3.330920158 0.000899556 0.207706188 0.803469512 0.113810929 0.897364772 
RelaHumid -0.47788805 0.058617151 -8.15270009 1.14044E-15 -0.59292466 -0.36285145 -0.62918535 -0.32659076 
Windspeed -7.71803541 0.520053333 -14.8408537 6.86699E-45 -8.73864406 -6.69742675 -9.06035005 -6.37572077 
WindDirect 0.170654049 0.021685556 7.869480133 9.83854E-15 0.12809598 0.213212118 0.114681254 0.226626844 

 
Table E22: TH_181-270_Night2001: Multiple regression analysis result of Thonburi 

Highway Air Quality Station measured on the SW quadrant (181 – 270 azimuth), night 
time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.687680144        
R Square 0.47290398        
Adjusted R 
Square 0.465524636        
Standard Error 4.860143559        
Observations 1015        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 21192.46271 1513.747337 64.08482412 2.2593E-128    
Residual 1000 23620.99541 23.62099541      
Total 1014 44813.45813          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -574.756157 89.99994519 -6.38618341 2.60051E-10 -751.366596 -398.145717 -807.023136 -342.489178 
CO 0.040387248 0.263174691 0.153461749 0.878065114 -0.47605082 0.556825316 -0.63879973 0.719574222 
THC -2.37616757 0.457053782 -5.19887957 2.43065E-07 -3.27306222 -1.47927292 -3.5557072 -1.19662795 
NMHC 6.086726587 0.68691198 8.860999324 3.56326E-18 4.738772138 7.434681037 4.31398139 7.859471784 
NO -0.02240012 0.299515932 -0.07478775 0.940398543 -0.61015204 0.565351794 -0.7953746 0.750574355 
NO2 0.138515506 0.299819228 0.461996741 0.644184148 -0.44983158 0.726862593 -0.6352417 0.912272715 
NOx -0.09877078 0.299474083 -0.32981413 0.741609484 -0.68644058 0.488899011 -0.87163726 0.674095693 
GR 0.053154345 0.01844427 2.88188927 0.004037538 0.016960426 0.089348263 0.005554372 0.100754318 
NR -0.02064257 0.023049331 -0.89558206 0.370691543 -0.06587318 0.024588043 -0.08012703 0.038841896 
Temp -0.73060915 0.137019117 -5.33216943 1.19984E-07 -0.99948716 -0.46173113 -1.08422066 -0.37699764 
Pressure 0.835530397 0.116678438 7.160966593 1.5508E-12 0.6065677 1.064493094 0.53441301 1.136647784 
Rain 0.235815681 0.128641158 1.833127784 0.067080703 -0.01662193 0.488253296 -0.09617445 0.567805808 
RelaHumid -0.27436214 0.027287934 -10.0543392 1.01122E-22 -0.32791033 -0.22081395 -0.34478536 -0.20393892 
Windspeed -1.12618133 0.380143221 -2.96251852 0.003123543 -1.87215136 -0.38021131 -2.10723435 -0.14512832 
WindDirect -0.01681234 0.009265805 -1.81445028 0.069907962 -0.034995 0.001370312 -0.04072503 0.007100345 
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Table E23: TH_271-360_Day2001: Multiple regression analysis result of Thonburi Highway 
Air Quality Station measured on the NW quadrant (271 – 360 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.818723758        
R Square 0.670308592        
Adjusted R 
Square 0.665185751        
Standard Error 14.79316312        
Observations 916        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 400879.6773 28634.26266 130.8470429 8.9736E-206    
Residual 901 197172.7452 218.837675      
Total 915 598052.4225          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -189.169561 272.8008295 -0.6934347 0.488215509 -724.568092 346.2289693 -893.348019 515.0088963 
CO 9.789492032 1.409850483 6.943638458 7.31036E-12 7.022521424 12.55646264 6.150256989 13.42872707 
THC -5.46905921 1.858416752 -2.9428594 0.003335364 -9.11638536 -1.82173306 -10.2661745 -0.67194388 
NMHC 0.04696476 2.668531831 0.017599475 0.985962272 -5.19029212 5.28422164 -6.84129373 6.935223246 
NO 0.797168118 0.732891826 1.087702291 0.277017431 -0.64120437 2.235540602 -1.09463931 2.688975546 
NO2 1.561544036 0.7513136 2.078418433 0.037953368 0.087017003 3.036071068 -0.37781536 3.500903433 
NOx -1.47250471 0.739009824 -1.9925374 0.046613443 -2.92288437 -0.02212505 -3.38010448 0.435095051 
GR 0.071305015 0.009687264 7.36069724 4.12169E-13 0.052292805 0.090317226 0.046299364 0.096310667 
NR -0.09986543 0.013996829 -7.13486141 1.99103E-12 -0.12733559 -0.07239528 -0.13599533 -0.06373554 
Temp 2.217071433 0.324466753 6.83296951 1.53041E-11 1.580273431 2.853869434 1.379528166 3.0546147 
Pressure 0.306971216 0.34963781 0.877969164 0.380194508 -0.37922747 0.9931699 -0.59554589 1.209488319 
Rain 0.727911431 0.872107428 0.834657988 0.404131549 -0.9836854 2.439508264 -1.52325205 2.979074908 
RelaHumid -0.79792364 0.053128338 -15.0187953 1.1462E-45 -0.90219324 -0.69365403 -0.93506336 -0.66078391 
Windspeed -1.79439609 0.933439672 -1.92234822 0.054876982 -3.6263635 0.037571314 -4.20387597 0.61508378 
WindDirect -0.01459483 0.034894184 -0.41825964 0.675856965 -0.08307811 0.053888449 -0.10466689 0.075477231 

 
Table E24: TH_271-360_Night2001: Multiple regression analysis result of Thonburi 

Highway Air Quality Station measured on the NW quadrant (271 – 360 azimuth), night 
time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.774171775        
R Square 0.599341938        
Adjusted R 
Square 0.591710356        
Standard Error 5.359869457        
Observations 750        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 31586.13922 2256.152802 78.534428 1.7745E-135    
Residual 735 21115.22744 28.7282006      
Total 749 52701.36667          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept -568.150628 117.1599355 -4.84935935 1.51235E-06 -798.158883 -338.142374 -870.719488 -265.581768 
CO 5.471921211 0.726968457 7.527040766 1.52167E-13 4.044737548 6.899104874 3.594504528 7.349337894 
THC -4.73778273 0.416398139 -11.3780113 9.65328E-28 -5.55525509 -3.92031036 -5.81314275 -3.66242271 
NMHC 11.91859419 0.856516809 13.91519006 3.05381E-39 10.23708135 13.60010704 9.706615213 14.13057318 
NO -0.28691327 0.39657419 -0.72347942 0.46961557 -1.06546727 0.491640741 -1.31107737 0.73725084 
NO2 -0.74129173 0.3945827 -1.87867265 0.060684754 -1.51593604 0.033352588 -1.76031275 0.277729299 
NOx 0.13373067 0.396109691 0.337610195 0.735753353 -0.64391143 0.911372772 -0.88923385 1.156695194 
GR 0.138721801 0.033656262 4.121723361 4.18885E-05 0.072647865 0.204795738 0.051803549 0.225640054 
NR -0.1212734 0.033673539 -3.60144494 0.000337739 -0.18738125 -0.05516554 -0.20823627 -0.03431053 
Temp 0.635741069 0.128416352 4.95062394 9.1814E-07 0.383634229 0.887847909 0.304102192 0.967379946 
Pressure 0.778690703 0.150043429 5.189768779 2.72696E-07 0.484125611 1.073255795 0.391199287 1.166182119 
Rain 0.340728593 0.122834455 2.773884508 0.00567963 0.099580127 0.581877058 0.023505124 0.657952062 
RelaHumid -0.32996746 0.035032388 -9.41892571 5.75596E-20 -0.39874301 -0.26119192 -0.4204396 -0.23949533 
Windspeed 0.941703175 0.499226422 1.886324788 0.05964518 -0.03837758 1.921783931 -0.34756324 2.230969587 
WindDirect 0.03623227 0.013659563 2.652520449 0.008161705 0.009415831 0.063048708 0.000956061 0.071508478 
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Table E25: DD_0-90_Day2003: Multiple regression analysis result of Dindang Air Quality 
Station measured on the NE quadrant (000 – 090 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.750904431        
R Square 0.563857465        
Adjusted R 
Square 0.55622497        
Standard Error 4.045335693        
Observations 815        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 16925.44166 1208.960119 73.8759097 1.384E-133    
Residual 800 13091.79269 16.36474087      
Total 814 30017.23436          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 376.7808202 66.04175408 5.705190989 1.63608E-08 247.1451411 506.4164994 206.2621538 547.2994867 
CO 0.469866273 0.196449689 2.39178934 0.016996451 0.084248276 0.855484269 -0.03736343 0.977095972 
THC -0.38357227 0.22673439 -1.69172515 0.091087829 -0.82863717 0.06149263 -0.96899654 0.201852003 
NMHC 0.141273983 0.417725129 0.338198431 0.735302391 -0.67869335 0.961241314 -0.93728507 1.219833039 
NO 0.007484215 0.01477492 0.506548618 0.612611142 -0.02151799 0.036486425 -0.03066437 0.045632804 
NO2 0.084795063 0.018240329 4.648768395 3.90483E-06 0.048990481 0.120599645 0.03769885 0.131891276 
NOx -0.03529252 0.013952641 -2.52945085 0.01161511 -0.06268065 -0.00790439 -0.071318 0.000732958 
GR -0.00225304 0.002692265 -0.83685789 0.40292236 -0.00753778 0.003031698 -0.00920442 0.004698338 
NR 0.010024751 0.003719354 2.695293466 0.007180287 0.0027239 0.017325601 0.000421443 0.019628058 
Temp -0.17722084 0.069878755 -2.53611903 0.011398021 -0.3143883 -0.04005338 -0.35764658 0.003204896 
Pressure -0.4632025 0.085640494 -5.40868553 8.39035E-08 -0.63130924 -0.29509577 -0.68432478 -0.24208023 
Rain 0.17753804 0.177424812 1.000638171 0.317304331 -0.17073536 0.525811437 -0.28056976 0.635645836 
RelaHumid -0.18505493 0.014440629 -12.8148802 2.4967E-34 -0.21340095 -0.15670891 -0.22234039 -0.14776948 
WindSpeed 1.197548239 0.26335903 4.547207809 6.27749E-06 0.680591547 1.714504932 0.517559779 1.877536699 
WindDirect -0.02474259 0.006152561 -4.02151074 6.33003E-05 -0.03681967 -0.01266551 -0.0406284 -0.00885678 

 
Table E26: DD_0-90_Night2003: Multiple regression analysis result of Dindang Air Quality 

Station measured on the NE quadrant (000 – 090 azimuth), day time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.455332431        
R Square 0.207327623        
Adjusted R 
Square 0.195105802        
Standard Error 1.823919098        
Observations 923        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 790.0606554 56.43290396 16.96372633 1.64344E-37    
Residual 908 3020.626235 3.326680876      
Total 922 3810.686891          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 252.0220776 24.67714823 10.21277156 2.96943E-23 203.5911895 300.4529657 188.3240629 315.7200924 
CO 0.518429031 0.080379092 6.449799577 1.81827E-10 0.360678599 0.676179463 0.310950091 0.725907972 
THC -0.32935899 0.089214274 -3.69177457 0.000235973 -0.50444918 -0.1542688 -0.55964379 -0.09907419 
NMHC -0.17338798 0.167775274 -1.03345371 0.301666792 -0.50266045 0.15588449 -0.60645876 0.259682804 
NO 0.000231327 0.006174068 0.037467555 0.970120445 -0.01188578 0.012348432 -0.01570552 0.016168172 
NO2 0.010687853 0.008909782 1.199563883 0.230621676 -0.00679831 0.028174017 -0.01231057 0.033686273 
NOx -0.00193178 0.006024367 -0.32066161 0.748540625 -0.01375509 0.009891522 -0.01748221 0.013618645 
GR -0.00546154 0.010543078 -0.51802135 0.604569564 -0.02615318 0.015230099 -0.03267591 0.021752834 
NR 0.015094893 0.011929042 1.265390131 0.206056126 -0.00831681 0.038506598 -0.01569701 0.045886794 
Temp -0.0747689 0.032318685 -2.31348831 0.020918383 -0.13819692 -0.01134088 -0.15819167 0.008653871 
Pressure -0.32317751 0.032515238 -9.93926317 3.62689E-22 -0.38699128 -0.25936374 -0.40710764 -0.23924739 
Rain -0.02472894 0.033737936 -0.73297146 0.463765016 -0.09094236 0.041484469 -0.11181516 0.062357276 
RelaHumid -0.02643039 0.008623789 -3.06482326 0.002242363 -0.04335527 -0.00950551 -0.04869059 -0.00417019 
WindSpeed 0.091036372 0.059944046 1.518689143 0.129188856 -0.02660864 0.208681385 -0.0636945 0.245767248 
WindDirect 0.006126653 0.002288385 2.677281963 0.007556131 0.001635513 0.010617793 0.000219746 0.012033559 
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Table E27: DD_91-180_Day2003: Multiple regression analysis result of Dindang Air Quality 
Station measured on the SE quadrant (091 – 180 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.78597707        
R Square 0.617759955        
Adjusted R 
Square 0.610977495        
Standard Error 4.508840334        
Observations 804        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 25923.29994 1851.664282 91.08199538 5.2793E-154    
Residual 789 16040.08687 20.32964116      
Total 803 41963.38682          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 284.2164071 68.68925715 4.137712633 3.88483E-05 149.3810399 419.0517743 106.8556863 461.5771279 
CO 1.26749936 0.231303906 5.479800938 5.73104E-08 0.813455331 1.72154339 0.67025564 1.864743081 
THC -0.04889 0.315949377 -0.15473998 0.877065886 -0.66909106 0.571311062 -0.86469456 0.76691456 
NMHC -1.38410439 0.493367233 -2.80542424 0.005148704 -2.35257246 -0.41563633 -2.65801492 -0.11019386 
NO -0.04133696 0.020169876 -2.04944059 0.040749207 -0.08092995 -0.00174398 -0.09341707 0.010743143 
NO2 0.145159339 0.023813712 6.095619893 1.70446E-09 0.098413592 0.191905086 0.08367058 0.206648098 
NOx -0.00537884 0.019486366 -0.27603087 0.782596638 -0.04363011 0.032872432 -0.05569407 0.044936395 
GR -0.0005951 0.003200793 -0.18592247 0.85255335 -0.00687818 0.00568798 -0.00885978 0.007669584 
NR 0.015197595 0.004521994 3.360816875 0.000814495 0.006321028 0.024074162 0.003521472 0.026873718 
Temp -0.08661807 0.0962771 -0.89967474 0.368567868 -0.27560772 0.102371567 -0.33521264 0.161976488 
Pressure -0.35482857 0.088425594 -4.01273605 6.57333E-05 -0.5284059 -0.18125125 -0.58314997 -0.12650717 
Rain 0.268659731 0.0841006 3.194504334 0.001456373 0.103572267 0.433747195 0.051505788 0.485813674 
RelaHumid -0.17196906 0.017700967 -9.71523573 3.75794E-21 -0.20671564 -0.13722249 -0.21767426 -0.12626386 
WindSpeed 0.055895112 0.188459638 0.296589301 0.766858134 -0.31404665 0.42583687 -0.43072155 0.542511778 
WindDirect 0.01543442 0.008778853 1.758136224 0.079112015 -0.00179826 0.032667099 -0.00723323 0.038102066 

 
Table E28: DD_91-180_Night2003: Multiple regression analysis result of Dindang Air 

Quality Station measured on the SE quadrant (091 – 180 azimuth), night time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.507729779        
R Square 0.257789528        
Adjusted R 
Square 0.243632925        
Standard Error 1.857538667        
Observations 749        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 879.650148 62.83215343 18.20984372 3.36592E-39    
Residual 734 2532.630226 3.450449899      
Total 748 3412.280374          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 145.816087 25.55640927 5.705656279 1.68132E-08 95.64377288 195.9884012 79.81546952 211.8167045 
CO 0.452188029 0.105749093 4.276046382 2.15374E-05 0.244581526 0.659794531 0.179086068 0.725289989 
THC 0.012968612 0.133461654 0.09717107 0.922617068 -0.24904316 0.274980382 -0.33170233 0.357639551 
NMHC -1.14214319 0.211490767 -5.40043996 8.98676E-08 -1.55734163 -0.72694475 -1.68832795 -0.59595843 
NO -0.02175195 0.008667506 -2.50959687 0.012301124 -0.03876798 -0.00473591 -0.04413618 0.000632292 
NO2 0.007571154 0.010882666 0.695707611 0.486832167 -0.01379368 0.028935992 -0.02053384 0.035676147 
NOx 0.015790476 0.008510367 1.855440161 0.063934079 -0.00091707 0.032498018 -0.00618794 0.037768894 
GR 0.004154906 0.011014347 0.377226721 0.706114164 -0.01746845 0.02577826 -0.02429016 0.032599971 
NR 0.024962789 0.01283647 1.944677075 0.052195466 -0.00023775 0.050163332 -0.00818799 0.05811357 
Temp -0.04740032 0.040565479 -1.16848918 0.242988873 -0.12703843 0.03223778 -0.15216256 0.057361916 
Pressure -0.18180788 0.033149156 -5.48454021 5.70783E-08 -0.24688627 -0.11672949 -0.26741712 -0.09619864 
Rain 0.05816203 0.082708328 0.703218548 0.482142549 -0.10421087 0.220534927 -0.15543608 0.27176014 
RelaHumid -0.04023962 0.010302923 -3.90565077 0.000102641 -0.0604663 -0.02001293 -0.0668474 -0.01363184 
WindSpeed 0.011693629 0.057064378 0.204919942 0.837691486 -0.10033509 0.123722352 -0.13567779 0.159065043 
WindDirect 0.002986387 0.003361514 0.888405212 0.374613859 -0.00361293 0.009585708 -0.00569488 0.011667655 
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Table E29: DD_181-270_Day2003: Multiple regression analysis result of Dindang Air 
Quality Station measured on the SW quadrant (181 – 270 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.791046285        
R Square 0.625754225        
Adjusted R 
Square 0.621555955        
Standard Error 5.327409621        
Observations 1263        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 59223.44292 4230.245923 149.050499 2.2865E-254    
Residual 1248 35419.854 28.38129327      
Total 1262 94643.29691          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 255.3429583 55.92207745 4.566049224 5.46126E-06 145.6313094 365.0546072 111.0762051 399.6097115 
CO -0.31033689 0.313114838 -0.99112801 0.321815199 -0.92462639 0.303952618 -1.11810482 0.49743105 
THC 0.173413177 0.396428857 0.437438331 0.661869177 -0.60432731 0.95115366 -0.84928674 1.196113096 
NMHC -2.19688954 0.48012216 -4.57568869 5.21968E-06 -3.13882511 -1.25495397 -3.43549991 -0.95827917 
NO -0.06147195 0.024157166 -2.54466719 0.011057803 -0.10886508 -0.01407881 -0.12379217 0.000848268 
NO2 0.213602199 0.026495571 8.061807746 1.74671E-15 0.161621427 0.265582972 0.14524941 0.281954989 
NOx 0.042066563 0.023274969 1.807373514 0.07094476 -0.00359582 0.087728945 -0.01797778 0.102110903 
GR 0.004758676 0.004294655 1.108046147 0.268055385 -0.00366686 0.013184217 -0.0063206 0.01583795 
NR 0.005376958 0.005817978 0.924197011 0.355562407 -0.00603714 0.016791054 -0.00963216 0.020386071 
Temp 0.61350321 0.112928968 5.432646899 6.66954E-08 0.391951653 0.835054767 0.322171122 0.904835299 
Pressure -0.34238836 0.073095633 -4.68411509 3.11954E-06 -0.48579223 -0.19898449 -0.53095914 -0.15381758 
Rain 0.268147067 0.124747145 2.14952468 0.031784592 0.023409825 0.512884308 -0.05367334 0.589967471 
RelaHumid -0.14668073 0.026577042 -5.51907654 4.14074E-08 -0.19882134 -0.09454012 -0.2152437 -0.07811776 
WindSpeed 0.134161783 0.156790262 0.855676755 0.392340849 -0.17343978 0.441763342 -0.27032287 0.538646436 
WindDirect -0.02414037 0.007066244 -3.41629438 0.000655212 -0.0380034 -0.01027734 -0.04236974 -0.005911 

 
Table E30: DD_181-270_Night2003: Multiple regression analysis result of Dindang Air 

Quality Station measured on the SW quadrant (181 – 270 azimuth), night time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.518891547        
R Square 0.269248438        
Adjusted R 
Square 0.262043845        
Standard Error 2.659164029        
Observations 1435        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 3699.661915 264.2615654 37.37177697 1.35049E-86    
Residual 1420 10041.03774 7.071153336      
Total 1434 13740.69965          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 164.7515693 24.8971111 6.617296629 5.16974E-11 115.9125359 213.5906027 100.5346848 228.9684538 
CO -0.22691202 0.153869711 -1.47470235 0.140514251 -0.52874816 0.074924117 -0.62378672 0.169962674 
THC 0.695251721 0.190889219 3.642173838 0.000280068 0.320796832 1.069706609 0.202892953 1.187610489 
NMHC -1.23265252 0.222256666 -5.5460767 3.47946E-08 -1.66863887 -0.79666616 -1.80591705 -0.65938799 
NO -0.06924868 0.013053052 -5.30517139 1.30434E-07 -0.09485399 -0.04364336 -0.10291629 -0.03558106 
NO2 0.000809306 0.014714989 0.05499876 0.956147188 -0.02805612 0.029674737 -0.03714493 0.038763539 
NOx 0.059566719 0.012544918 4.748274966 2.259E-06 0.034958175 0.084175264 0.027209731 0.091923708 
GR 0.001704679 0.01049258 0.162465188 0.870962655 -0.01887793 0.022287287 -0.02535873 0.028768092 
NR 0.005591081 0.013141403 0.42545543 0.670569175 -0.02018755 0.031369712 -0.02830442 0.039486579 
Temp 0.202016076 0.047361029 4.265449481 2.12692E-05 0.109111045 0.294921106 0.07985822 0.324173932 
Pressure -0.22311248 0.032757636 -6.81100674 1.42681E-11 -0.28737099 -0.15885397 -0.30760394 -0.13862102 
Rain -0.0075492 0.052692813 -0.14326814 0.886098747 -0.11091324 0.095814842 -0.14345928 0.128360876 
RelaHumid 0.04435547 0.014808062 2.995359585 0.002788697 0.015307464 0.073403475 0.006161175 0.082549764 
WindSpeed -0.20373734 0.045597367 -4.46818222 8.51485E-06 -0.29318272 -0.11429197 -0.32134621 -0.08612848 
WindDirect -0.01146304 0.003531573 -3.24587396 0.001198204 -0.0183907 -0.00453539 -0.020572 -0.00235409 
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Table E31: DD_271-360_Day2003: Multiple regression analysis result of Dindang Air 
Quality Station measured on the NW quadrant (271 – 360 azimuth), day time. 

SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.657124414        
R Square 0.431812495        
Adjusted R 
Square 0.420464956        
Standard Error 4.064532923        
Observations 716        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 8801.219161 628.6585115 38.0534037 1.61283E-76    
Residual 701 11580.81995 16.52042788      
Total 715 20382.03911          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 129.6975869 55.8848117 2.320802075 0.020583551 19.97594642 239.4192274 -14.6448239 274.0399977 
CO 0.051669205 0.237947108 0.217145757 0.828157939 -0.41550508 0.518843491 -0.56291387 0.666252276 
THC 0.338770708 0.317144324 1.068190987 0.285802076 -0.28389571 0.961437125 -0.48036735 1.157908768 
NMHC -1.36079009 0.479081536 -2.84041438 0.004636164 -2.3013965 -0.42018368 -2.59818862 -0.12339155 
NO -0.03643734 0.017369371 -2.09779303 0.036280886 -0.07053956 -0.00233513 -0.08129993 0.008425235 
NO2 0.103719916 0.019476016 5.325520148 1.35734E-07 0.065481612 0.14195822 0.053416175 0.154023657 
NOx 0.013472584 0.01706036 0.789701062 0.429969403 -0.02002293 0.046968101 -0.03059186 0.057537033 
GR 0.006091927 0.004420842 1.378001686 0.168642463 -0.00258775 0.014771602 -0.00532647 0.017510324 
NR -0.00508982 0.006037919 -0.84297537 0.399529749 -0.01694439 0.006764753 -0.02068489 0.010505258 
Temp 0.053796758 0.07444316 0.722655489 0.470132588 -0.09236148 0.199954997 -0.13847919 0.246072707 
Pressure -0.1660781 0.074412604 -2.2318544 0.025939863 -0.31217634 -0.01997985 -0.35827513 0.026118929 
Rain -0.067937 0.09601573 -0.70756119 0.479452966 -0.25644982 0.120575815 -0.31593179 0.180057782 
RelaHumid -0.04140408 0.017877431 -2.31599695 0.020846047 -0.07650379 -0.00630436 -0.0875789 0.004770751 
WindSpeed 0.190850095 0.295019475 0.646906768 0.517904046 -0.38837742 0.770077612 -0.57114267 0.95284286 
WindDirect 0.000323821 0.007837821 0.041315235 0.967056352 -0.01506459 0.015712234 -0.01992014 0.020567783 

 
Table E32 DD_271-360_Night2003: Multiple regression analysis result of Dindang Air 

Quality Station measured on the NW quadrant (271 – 360 azimuth), night time. 
SUMMARY OUTPUT        
         

Regression Statistics        
Multiple R 0.522643517        
R Square 0.273156246        
Adjusted R 
Square 0.256280935        
Standard Error 1.571034316        
Observations 618        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 14 559.3179116 39.9512794 16.18673844 8.2167E-34    
Residual 603 1488.293739 2.468148821      
Total 617 2047.61165          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 99.0% Upper 99.0% 
Intercept 130.539248 26.39940874 4.944779229 9.89564E-07 78.69323033 182.3852656 62.3231289 198.7553671 
CO 0.422955936 0.096046218 4.403670886 1.25928E-05 0.234329971 0.6115819 0.174772337 0.671139535 
THC 0.1010782 0.098180278 1.029516341 0.303649871 -0.09173886 0.293895262 -0.15261981 0.354776213 
NMHC -0.73469417 0.185370634 -3.96337949 8.27486E-05 -1.09874509 -0.37064324 -1.21369222 -0.25569612 
NO -0.01403477 0.006555079 -2.14105292 0.032670022 -0.02690835 -0.0011612 -0.03097311 0.002903565 
NO2 -0.00014597 0.00861802 -0.01693818 0.986491536 -0.01707097 0.016779028 -0.02241495 0.022123006 
NOx 0.014100726 0.006379025 2.210482909 0.027446328 0.001572906 0.026628547 -0.00238269 0.030584139 
GR -0.00897372 0.009502724 -0.94433121 0.345378637 -0.0276362 0.00968876 -0.03352878 0.015581338 
NR 0.028670883 0.011724821 2.445315118 0.01475754 0.005644409 0.051697357 -0.00162608 0.058967843 
Temp -0.0082043 0.031807038 -0.25793966 0.796541486 -0.0706704 0.054261809 -0.09039374 0.073985146 
Pressure -0.16907883 0.035048364 -4.82415761 1.78297E-06 -0.23791061 -0.10024706 -0.25964387 -0.0785138 
Rain -0.03705196 0.026799588 -1.38255696 0.167312566 -0.08968389 0.015579976 -0.10630214 0.032198227 
RelaHumid 0.00385862 0.009575286 0.402976958 0.687108009 -0.01494636 0.022663604 -0.02088394 0.028601176 
WindSpeed 0.228948457 0.092613225 2.472092491 0.013707372 0.047064578 0.410832337 -0.01036428 0.468261195 
WindDirect -0.00081041 0.003237386 -0.2503288 0.802418347 -0.00716834 0.005547518 -0.00917582 0.007555 
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