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Abstract  

The research purpose of the paper was to analyze the characteristics of 

cigarette consumptions in Taiwan. The paper had adopted quantile regression as 

research method to discuss the effect of smoking households’ consumption 

characteristics to the cigarette consumptions in Taiwan at 0.05, 0.2, 0.4, 0.6, 0.8, 

and 0.95 quantile. Data for the research was sourced from the “Report on the 

Survey of Family Income & Expenditure”, conducted by the Executive Yuan, 

R.O.C. 

The results showed up that the price elasticities of cigarettes were estimated 

about -0.161 to -0.231 from 0.2 to 0.8 quantile of cigarettes consumption. 

However, the price elasticity of cigarettes was -0.363 in 0.05 quantile and raised 

significantly to -0.701 in 0.95 quantile. Indicating the policy of implementing 

cigarette tax or “Health and Welfare Surcharge on Tobacco Products” would 

decrease the smoking behavior effectively.  

Furthermore, the price elasticity changed to -0.701 in 0.95 quantile, a 

possible explanation for this phenomenon was that households with higher 

cigarette consumption were highly addicted to smoking, when the cigarette price 

increased, they would try to change smoking habit such as buying cheaper 

cigarettes or quit smoking. 

However, it is worth noticed that there existed risks of price sensitive 

smokers seek out measures to purchase less expensive cigarettes when they were 

highly relied on cigarettes, such as smuggled cigarettes, which may decrease 
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future cessation efforts, and also lose the tax revenue from cigarette excise tax. 

Therefore, government should also take the consumption characteristics of 

smoking households into account and also enhance the prevention of illegal 

consumption behaviors when implementing the tobacco control policy. 

Keywords: tobacco consumption, quantile regression, “Report on the Survey of 

Family Income & Expenditure”, household characteristics, price 

elasticity. 
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Chapter 1. Introduction 

1.1 Research Purpose 

For the last decades, people began to place more emphasis on their health 

conditions and life qualities. According to the report of World Health 

Organization （WHO） in 2011, the four major non-communicable diseases 

（cancer, diabetes, cardiovascular disease, and chronic respiratory disease）now 

account for approximately 58.4% of deaths in Taiwan. All of the diseases results 

from unhealthy behaviors. Particularly, excessive smoking was the major factor 

for causing the diseases. In order to decrease the mentality rate of those disease 

and to build up a healthier environment, the government should focus more on 

preventing people from doing the hazardous behavior.  

Tobacco products had been thought as “demerit goods” which would 

produce negative externalities and external social costs. Thus, they were set to 

be as a target to be taxed. The reason of tobacco products were seen as demerit 

goods was because of the addiction of the product. Tobacco-addicted consumers 

usually ignored the consequences of smoking and they would choose to consume 

the dangerous products.  

On the other hand, the negative externality caused by smoking would 

influenced people around even they did not have smoking habit. For example, 

people would suffered by second-hand smoke and they would have to increase 

their medical expenditure. Also, the government’s medical expense would raise 
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due to smoking and resulted in waste of medical resources. Those external costs 

were not be considered by smokers when they consumed tobacco products. 

In order to reduce the national smoking rate, the governments had 

implemented several policies to influence people’s behavior all over the world. 

According to the WHO’s report, the most common and effective way was to raise 

up the tobacco price which would decrease people’s demand. In fact, the 

Taiwanese government had also adopt a similar policy. In 2002, Taiwan had 

entered the World Trade Organization （WTO） and abolished the tobacco and 

alcohol monopolies by the Taiwan Tobacco and Wine Monopoly Bureau. 

Furthermore, Taiwan had promulgated the tobacco and alcohol tax. Besides 

tobacco tax, Taiwan had also levied the “Health and Welfare Surcharge of 

Tobacco Products”, and the government had increased the amount of welfare 

surcharge in 2006 and 2009, which resulted in the price of tobacco products 

increased.  

Nevertheless, the effectiveness of the policy resulted from the price 

elasticity of tobacco demand of people. Therefore, it was really important to put 

more focus on people’s reactions when they faced the adjustment of tobacco 

prices. However, this paper would not only discuss the price elasticity of tobacco 

demand in Taiwan but also researched it with more detail, taking the 

consumption characteristics of smoking households into account. 
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1.2 Research Method 

For the research method, the paper chose “Quantile Regression” （Koenker 

and Bassett,1978） instead of traditional Ordinary Least Squares（OLS）method. 

The traditional OLS method could discuss the “average” effect of smoking 

households’ consumption characteristics to the household tobacco consumption. 

However, the OLS method was not able to analysis the possible effect among 

different level of cigarette consumption. 

Therefore, the paper adopted quantile regression as research method, the 

quantile regression would divided the dependent variable according to 

conditional distribution of dependent variable, and hence estimate the effect of 

independent variables to the dependent variable under given different quantiles. 

Compare to the OLS method, the quantile regression had two advantages. 

First of all, the OLS method could only conduct one estimation under the 

assumption of normal distributed research population. Nevertheless, the quantile 

regression were more flexible. Without assuming the population distribution, the 

quantile regression could conduct different estimations within the same sample 

size by adjusting quantile parameters. The quantile regression could build up the 

whole picture of overall distribution by giving different quantiles to observe the 

change of the effect of household characteristics to cigarette consumption. Hence, 

quantile regression could realize the “tail-area” characteristics of dependent 

variable distribution more effectively. 

Secondly, the OLS method estimated the regression coefficient by 
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minimizing the residual sum of square. On the other hand, the quantile regression 

minimized the sum of the absolute value of the residuals. The latter would not 

have to delete the outliers to avoid the error cause by the outliers since its 

estimations were less sensitive to the outliers than the OLS method. With the 

advantages mentioned above, the quantile regression method had acquired 

attentions by researchers and hence applied the method into different research 

fields.  

The research would investigate the characteristics of cigarette consumption 

Taiwan by using quantile regression analysis. Data was collected from the 

“Survey of household Income and Expenditure in Taiwan”, held by the Executive 

Yuan, R.O.C from 2009 to 2014. The dependent variable for the model was the 

cigarette consumption, and the independent variables for the model were average 

cigarette price in Taiwan and household characteristics such as the household 

average age, household average educational years, household average sex ratio, 

real household disposable income, and household average number of working 

people. The quantile regression model would discussed the effect among 

different level of quantiles. 
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1.3 Chapter Arrangements 

The paper was composed by six chapters. First of all, the introduction of 

the paper. The second chapter discussed the literature review of past pertinent 

literatures of cigarette consumption characteristics. The third part of the paper 

would introduce the overview of tobacco market in Taiwan. The fourth chapter 

would detail describe the research model for the paper. The fifth part of the paper 

were the empirical results of quantile regression. The last chapter was the 

conclusion of the paper. 
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Chapter 2. Literature Review 

In economic theories, the tobacco products were categorized as “demerit 

goods” which would produce negative externalities and external social costs. 

Thus, tobacco products had dragged the world’s attention and become a popular 

research objectives in recent years.  

The paper would observe the tobacco property and tobacco consumptions 

based on past domestic and foreign pertinent literature. The first section 

described the property of tobacco product. Furthermore, the paper would discuss 

the tobacco consumption characteristics in the second section. 

2.1. The Property of Tobacco Products 

Tobacco products were regarded as addictive products due to the “nicotine” 

in the ingredient inside and many people were addicted to smoking all over the 

world. Also, tobacco products would produce second-hand smoke when smokers 

started to smoke, non-smokers would also be harmed when exploiting in the 

second hand smoking environment even they do not smoke. 

Lin et al.（2007）preformed an meta-analysis discussing that tobacco 

smoking, indoor air pollution had been implicated as risk factors for tuberculosis 

（TB）  infection, disease and death. The paper suggested that TB control 

programs might benefit from a focus on interventions aimed at reducing tobacco 

and indoor air pollution exposures, especially among those at high risk for 

exposure to TB. 
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Gandini et al.（2008）conducted a systematic meta-analysis of observational 

studies on cigarette smoking and cancer from 1961 to 2003 and hence quantify 

the risk for 13 cancer sites, recognized to be related to tobacco smoking by the 

International Agency for Research on Cancer （IARC）.The results showed up 

that respiratory cancers had the highest risks of being affected due to smoking. 

Sun et al.（2004）also researched on the relationship of smoking and cancer 

risk among Korean men and women, pointing out that smoking would increase 

the risks of mortality for cancers, especially for lung cancer. Similar results were 

found for incidence among men and women. 

TR’EDANIEL et al.（1997）carried out a meta-analysis on the 40 studies 

providing a quantitative estimate of the association between gastric cancer（GC） 

risk and tobacco smoking. The results suggested that there was a relationship 

between tobacco smoking and GC, the studies showed a significantly increased 

risk of GC of the order of 1.5-1.6 for cigarette smokers as compare to non-

smokers. Furthermore, the summary relative risk was higher in men（1.59）than 

in women（1.11）. 

With the negative effects caused by tobacco products, the hazardous item 

had attracted attention from all over the world. According to the WHO report, 

the most effective approach to controlling the spread of tobacco use is through 

policies that directly reduce the demand for it. Therefore, governments had tried 

to levied taxes or surcharges on tobacco products to increase their price and 

hence to decrease people demand for tobacco products. 
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However, Merriman et al.（2000）pointed out that cigarettes had particular 

appeal to potential smugglers because taxes often account for a large share of 

cigarettes price. They had estimated that almost 6% to 8.5% of global cigarette 

consumption was smuggled. The research suggested that Smuggling is 

sometimes perceived to be an insurmountable obstacle to higher cigarette tax 

rates. 

Tsai et al.（2003）analyzed the behavior of smokers in Taiwan based on 

the survey results on people aged 12 to 64 years old in 2002. Hence, they 

conducted the analysis the effect of population factors and smoking behaviors to 

smuggled cigarettes consumption through multiple logistic regressions model. 

Their studies pointed out that the possibility of buying smuggled cigarettes 

would increase by 1.6 times as cigarettes price increased by 1%. Furthermore, 

smokers whose monthly expenditure exceeded NT$ 1,000 were 2.34 times of 

possibility to buy smuggled cigarettes than those who spend less than NT$ 1,000 

monthly. People who opposed the “Health and Welfare Surcharges on Tobacco 

Products” were 1.69 times of tendency to buy smuggled cigarettes than people 

who support the policy. 

ITIC and OE（2014）had conducted a investigation on the market of tobacco 

products in Taiwan. The total consumption of tobacco products was estimated 

39.6 billion cigarettes in 2013. Furthermore, around 89.7% was legal domestic 

consumption, 1.6% was non-domestic legal. However, it was estimated that 

8.7% of the cigarettes consumption was illicit or illegal cigarettes in 2013. It was 

worth noticing that the illicit cigarettes in Taiwan were mostly imported from 
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other foreign countries, there were no domestic produced illicit cigarettes found 

in Taiwan so far. 
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2.2. Tobacco Consumptions 

The economic analysis of tobacco products mostly focused on estimating 

the price elasticity and the income elasticity of the products, the efficiency 

analysis of tobacco tax and also the analysis of how smoking behaviors be 

affected by household characteristics.  

John（2008）examines the price elasticity of demand for bidis, cigarettes 

and leaf tobacco at the national level using a representative cross-section of 

households, and finds that own-price elasticity estimates of different tobacco 

products in India ranged between -0.4 to -0.9, with bidis （an indigenous hand-

rolled smoked tobacco preparation in India） and leaf tobacco having elasticities 

close to unity. Cigarette were the least price elastic of all. 

Kostova et al.（2010）estimated the impact of cigarette prices on youth 

smoking in lower-income countries using data from Global Youth Tobacco 

Survey（GYTS）. The estimated price elasticity of participation was -0.63. The 

likelihood of participation decreases with anti-smoking sentiment and increases 

with exposure to cigarette advertising. The estimated price elasticity of 

conditional cigarette demand is approximately -1.2. Neither anti-smoking 

sentiment, cigarette advertising, nor access restrictions have an impact on the 

intensity of smoking among current smokers, but exposure to anti-smoking 

media may reduce the number of cigarettes smoked. 

Townsend（1994）performed a multiple regression analysis of data on 

cigarette smoking from the British general household survey, researching on the 
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effects of price, income, and health publicity on cigarette smoking by age, sex, 

and socioeconomic group. The estimated average price elasticity of demand for 

tobacco products were -0.5 for men and -0.6 for women. Furthermore, Townsend

（1994）also concluded that Men and women in lower socioeconomic groups 

are more responsive than are those in higher socioeconomic groups to changes 

in the price of cigarettes and less to health publicity. Real price increases in 

cigarettes could narrow differences between socioeconomic groups in smoking 

and the related inequalities in health, but specific measures would be necessary 

to ameliorate effects on the most deprived families that may include members 

who continue to smoke. The use of a policy to steadily increase cigarette tax is 

likely to help achieve the government's targets for smoking and smoking related 

diseases. 

Lee et al.（2003）analyzed the relationship between male smoking behavior 

and personal socioeconomic situation in Taiwan. The results indicated that 

educational level was negative correlated with smoking rate in Taiwan, lower-

educated people were more intended to smoke. Higher-educated people would 

smoke less because they had equipped much sufficient healthcare and tobacco 

hazard protection knowledge. Furthermore, higher-educated people were more 

likely to self-control and would less likely to be affected by outside influences. 

Hence, they would reduce their smoking behavior. 

Jamal et al.（2014）used data for the 2013 National Health Interview Survey 

（NHIS）to estimate the cigarette smoking prevalence among adults in the 

United States. Their results showed that current cigarette smoking prevalence 

was higher among males （20.5%）to females（15.3%）in the U.S.  
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Birmpili et al.（2012）conducted a cross-sectional survey in 2009 to 

investigated gender, age, and other socioeconomic differences in daily smoking 

and smoking cessation among Greek adults. The results showed that there were 

differences in levels of consumption at various ages. 42.5% of responders aged 

between 20 to 64 years old smoked at least 20 cigarettes per day. However, 

younger（15-19 years old）and elder（over 65 year old）smoked less than a pack 

of cigarettes per day. This indicated that age did not show a linear effect to 

tobacco consumption. But generally, the smoking rate would reduce as age 

increased. 
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Chapter 3. The Overview of Tobacco Market in Taiwan 

For the past years, the development of tobacco market had been 

significantly affected by the tobacco control policy in Taiwan. Tobacco policy 

could be seen as a factor that cannot be neglected. The chapter would discuss the 

background history of the tobacco control policy in Taiwan in first section. 

Hence, the second section would elaborate the overview of current tobacco 

market and also the tobacco consumptions in Taiwan according to the data from 

“The Report on Survey of Household Income and Expenditure”. 

3.1. The History of Tobacco Control Policy in Taiwan 

1. Tobacco and liquor monopoly period 

The monopoly business was started in Taiwan during the time of the 

Japanese occupation. The government was the only provider in the market, it 

handled the production, delivery and sales of tobacco and liquor products. There 

were two reasons for the government to run the monopoly business. Firstly, the 

monopoly profits from tobacco and liquor sales were submitted to the National 

Treasury to fulfill the economic and financial goal. Second of all, it achieved the 

goal of controlling national’s health. The government prevented the nationals 

from the negative externalities caused from tobacco and liquor by controlling the 

sales of the products. 

Tobacco were not firstly included in the monopoly business of Taiwan. 

Aside from maintaining its monopoly on opium, the Taiwan Governor’s Office 
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had expanded its monopoly range to salt and camphor in 1898. Hence, it merged 

the Taiwan Pharmaceutical Factory, the Taiwan Salt Bureau and the Taiwan 

Camphor Bureau in 1901 into the “Monopoly Bureau of the Taiwan Governor’s 

Office”. The office took over tobacco in 1905 and liquor in 1922, matches, as 

well as standardized weights and measures in 1942, and petroleum in 1943. 

Therefore, the eight monopolized items before the retrocession of Taiwan were: 

cigarettes, liquor, opium, salt, camphor, matches, the standardization of weights 

and measures and petroleum.  

After the retrocession of Taiwan in 1945, the Taiwan Government 

Executive Administration Office continued the monopoly system by establishing 

the “Taiwan Provincial Monopoly Bureau”. The number of monopolized goods 

was reduced to five: tobacco, liquor, camphor, matches, and standardized 

weights and measures. In 1947, the Taiwan Provincial Government brought the 

Bureau directly under its authority by a re-organization which formed the 

“Taiwan Tobacco and Wine Monopoly Bureau”. At this time, the number of 

monopolized items was reduced to three: tobacco, liquor, and camphor. Hence, 

the camphor business was ended in 1968. After this, the monopolized items of 

the Taiwan Tobacco and Wine Monopoly Bureau were further reduced to be only 

tobacco and liquor.  

2. The introduction of foreign tobacco products 

Before 1987, the import of foreign tobacco products was restricted by the 

monopoly business of tobacco and liquor products in Taiwan. However, the 

restrictions were officially opened when Taiwan had signed the “Agreement 
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between CCNAA and AIT Concerning Beer, Wine and Cigarette” with the 

United State. The background of the agreement was originated the oil crisis in 

1970, the deterioration of financial deficit in the United States and the growing  

trade deficit had changed the United States’ attitude toward international trade. 

In order to reduce the trade deficit and expand the international market for the 

domestic tobacco and liquor firm, the United State had forced other countries to 

open up their market with the “Section 301 of the United States Trade Act”, 

especially to countries with huge trade surplus to the United States such as Japan, 

Taiwan, Canada and Korea. With the one-year negotiation, Taiwan had finally 

signed the agreement with the United States and officially open up the market 

for imported American tobacco and alcohol products. However, the domestic 

tobacco market was still monopoly run by the Taiwan Tobacco and Wine 

Monopoly Bureau. 

3. The promulgation of “Tobacco Hazards Prevention Act” 

In 1987, the United States had forced Taiwan to open the tobacco market 

and asked for deregulation of advertising and promotion. At the meantime, 

Taiwan was experiencing social movements protesting against smoking. The 

Asia Pacific Association for the Control of Tobacco （APACT） was found in 

Taipei on June 12, 1989 led by The John Tung Foundation, advocating anti-

tobacco activities. With the effort of the association, the first version of “Tobacco 

Hazards Act” was drafted and submitted to the government. In 1991, the 

Executive Yuen submitted the “Tobacco Hazards Prevention Act” to the 

Legislative Yuen. Finally, the “Tobacco Hazards Prevention Act” was 

promulgated, the act strongly restricted the sales and production for tobacco 
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products. Also, it helped the government to promote a smoke-free area, banning 

people to smoke in public places. Furthermore, producers were asked to print 

health warning advertisements on the cigarette container. With the promotion of 

“Tobacco Hazards Prevention Act”, Taiwan’s tobacco control policy had finally 

had legal basis to follow. 

4. The implementation and revise of “Tobacco and Alcohol Tax Act” 

In response of globalization and liberalization, Taiwan had joined the World 

Trade Organization（WTO）in 2002. Furthermore, in order to eliminate the trade 

barriers between the other members, the government had discussed to abolish 

the tobacco and liquor monopoly business and reformed the “Taiwan Tobacco 

and Wine Monopoly Bureau” to “Taiwan Tobacco and Liquor Cooperation”. 

Meanwhile, the government had also promulgated “The Tobacco and Alcohol 

Administration Act” and “The Tobacco and Alcohol Tax Act” in 2002, the 

tobacco and liquor monopoly was officially abolished and started to collect the 

tobacco and alcohol tax. 

Table 3.1.1 shows the amount of cigarette tax in different kinds of tobacco 

products. According to Art.7 of “The Tobacco and Alcohol Tax Act”, the tobacco 

tax on cigarettes are NT$ 590 per thousand sticks, and NT$ 590 per kilogram of 

cut tobacco and cigars, respectively. Since there are 20 sticks of cigarettes in a 

pack of cigarettes, we can conclude that the government has levied 11.8 NT$ per 

pack of cigarettes. 
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Table 3.1.1: The Taxable Items and Tax Amount of Tobacco Tax 

Item Tax Amount 

Cigarettes NT$ 590 per 1000 sticks 

Cut tobacco NT$ 590 per kilogram 

Cigars NT$ 590 per kilogram 

Other tobacco products NT$ 590 per kilogram 

Source: Taxation Administration, Ministry of Finance, R.O.C. http://www.dot.gov.tw/web-
ch/index.jsp 

Even though the promulgation of “Tobacco Hazard Prevention Act”, the 

lobbying and countersignature activities were still processing held by civil 

societies. They proposed that the key reason for the high smoking rate in Taiwan 

resulted from the low cigarette price. The government had noticed the 

phenomenon, and had regulated the Art.22 of “The Tobacco and Alcohol Tax Act” 

to start levying the “Health and Welfare Surcharges on Tobacco Products”. The 

amount of the surcharge were NT$ 250 per 1000 sticks of cigarettes, NT$ 250 

per kilograms of cut tobacco, cigars and other tobacco products, respectively. In 

other words, the surcharge were NT$ 5 for a pack of cigarettes. The revenues 

were used in designated purposes, 90% of the revenue would be used to help 

defray the cost of National Health Insurance fees, 10% were used to support the 

prevention of tobacco hazards, the investigation of smuggled tobacco products, 

tobacco tax evasion and social welfare held by the central and local government. 

To conclude, a consumer would have to pay NT$ 11.8 of tobacco tax and NT$ 5 

of “Health and Welfare Surcharges on Tobacco Products” whenever they bought 

every pack of cigarette in 2002. 

The “Health and Welfare Surcharges on Tobacco Products” had experienced 
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a price hike twice for the purpose of considering nationals’ health condition, 

controlling the quantity of cigarettes consumption by raising up the cigarette 

price. In Feb. 2006, the surcharge had increased from NT$ 250 to NT$ 500 per 

1000 sticks, that is, NT$ 10 in every pack of cigarette. Later in Jan. 2009, the 

Art.22 of “The Tobacco and Alcohol Tax Act” was amended again by doubling 

up the surcharge from NT$ 500 to NT$ 1000 per 1000 sticks of cigarettes, NT$ 

1000 per kilogram of cut tobacco, cigar and other tobacco products, resulting in 

NT$ 20 of surcharge every pack of cigarettes. However, the amount of tobacco 

tax did not increase since it was first levied. Therefore, consumers had to pay 

NT$ 20 of surcharge and NTD$ 11.8 whenever they bought a pack of cigarettes 

since 2009. 

Table 3.1.2: The Items, Amount and History of Health and Welfare Surcharges 

on Tobacco Products 

Item 
Amount 

2002 2006 2009 

Cigarettes NT$ 250/1000 sticks NT$ 500 /1000 sticks NT$ 1000/1000 sticks 

Cut tobacco NT$ 250 / kilogram NT$ 500 / kilogram NT$ 1000 / kilogram 

Cigars NT$ 250 / kilogram NT$ 500 / kilogram NT$ 1000 / kilogram 

Other tobacco 

products 
NT$ 250 / kilogram NT$ 500 / kilogram NT$ 1000 / kilogram 

Source: “Tobacco Hazards Prevention Act” http://tobacco.hpa.gov.tw/Show.aspx?MenuId=547 

To conclude, the tobacco control policy of Taiwan had experienced a variety 

of policy reforms, from the monopoly of tobacco and liquor products during the 
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Japanese occupation to the open market of imported tobacco after becoming a 

member of WTO and hence started levying tobacco tax. Besides tobacco tax, the 

government had also collected the “Health and Welfare Surcharge of Tobacco 

Products” which revenues were used in designated purposes. Table 3.1.3 shows 

the history of tobacco control policy in Taiwan. 

Table 3.1.3: The History of Tobacco Control Policy in Taiwan 

Year Events 

1905 The monopoly business of tobacco and liquor products. 

1987 Signed “Agreement between CCNAA and AIT Concerning 

Beer, Wine and Cigarette” with the United States, opening 

up the tobacco market and allowing imported tobacco 

products. 

1997 Promulgated the “Tobacco Hazards Prevention Act”. 

2002 Promulgated the “The Tobacco and Alcohol Administration 

Act” and “The Tobacco and Alcohol Tax Act”. Levied the 

“Health and Welfare Surcharge of Tobacco Products”. For 

each pack of cigarettes, the consumer had to pay NT$ 11.8 

for tax, and NT$ 5 for the surcharge. 

2006 Revised the “The Tobacco and Alcohol Tax Act” and 

increased the surcharge to NT$ 10 per pack of cigarettes. 

2009 Increased the surcharge from NT$ 10 to NT$ 20 per pack 

of cigarettes. 

Source: This study. 
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3.2. The Overview of Consumptions on Tobacco Products 

The paper researched the characteristics of cigarette consumption in Taiwan 

by using data from the “The Report on Survey of Household Income and 

Expenditure”, Executive Yuan, R.O.C. In this section, the research would first 

produce a descriptive analysis on tobacco consumption characteristics among 

households with different family disposable income according to the data source.  

Smoking had been regarded as a important healthcare issue in Taiwan. 

Bureaus and agencies had developed various of survey to observe the consumer 

characteristics of smokers in Taiwan. The Ministry of Health and Welfare had 

been investigating on national’s smoking behaviors and calculating the smoking 

rates in Taiwan, the results were shown in Table 3.2.1. 

Table 3.2.1: The smoking rate in Taiwan 

Unit: % 

Year Overall 
Gender 

Male Female 

2008 21.9 38.6 4.8 

2009 20.0 35.4 4.2 

2010 19.8 35.0 4.1 

2011 19.1 33.5 4.4 

2012 18.7 32.7 4.3 

2013 18.0 32.5 3.3 

2014 16.2 29.1 3.7 

Source: Adult Smoking Behavior Investigation, Ministry of Health and Welfare （2008-2014） 

https://olap.hpa.gov.tw/ 

According to Table 3.2.1, the overall smoking rate in Taiwan was 21.9%, 

and the smoking rate for male was 38.6% and 4.8% for female in 2008. In 
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January 11th, 2009, new provisions of the “Tobacco Hazards Prevention Act” 

were formally enacted. Key changes include expanding the scope of non-

smoking areas, prohibiting advertisements and sponsorships to tobacco products, 

indicating health warning pictures and texts as well as smoking cessation 

information, regulating sites selling tobacco products and increasing tobacco 

health and welfare surcharges.  

The overall smoking rate had decreased by 1.9% in 2009 after the new 

version of “Tobacco Hazards Prevention Act” enacted. Hence, the smoking rate 

had kept reducing by years. Meanwhile, the smoking rate for female and male 

people showed a similar trend of decline as the overall smoking rate. The 

smoking rate for male reduced from 38.6% in 2008 to 29.1% in 2014, the 

smoking rate for female also decreased from 4.8% in 2008 to 3.7% in 2014. Even 

though the average smoking rate had been decreasing by years, smoking was still 

a serious issue to be concerned.   

“The Report on Survey of Household Income and Expenditure” required 

chosen households to report the amount of their annual income and expenditure. 

Detail descriptions of the “The Report on Survey of Household Income and 

Expenditure” would be mentioned in chapter 4. In order to analyze the data 

properly, the paper removed household samples with negative family disposable 

income and sort the households by the family disposable income. Hence, the 

paper divided the household samples into 5 groups. Furthermore, the paper 

calculated the smoking rate in Taiwan by dividing the total households by the 
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households with positive tobacco expenditure1 in each group within 2009-2014 

time periods. Table 3.2.2 below showed the results. 

According to Table 3.2.2, the average smoking rate in Taiwan had been 

decreasing by years. From 36.57% in 2008 to 30.53% in 2014, it had decreased 

by 6.04% within 7 years. Possible explanations were that the tobacco prices were 

increasing by years, the widespread of anti-tobacco advertisements and the rising 

awareness of national’s health.  

Furthermore, the table showed a bigger decrease in smoking rate during 

2009 to 2010 compare to other years, from 36.66% in 2009 to 34.49% in 2010. 

It was possible to interpret the phenomenon by saying that the policy of 

increasing the “Health and Welfare Surcharge on Tobacco Products” from NT$ 

10 to NT$ 20 per pack of cigarettes during 2009 do affect the households to 

decrease their demand toward tobacco products. As a result, raising up the price 

of tobacco products was an effective tobacco control policy. 

 

 

 

                                              
1 It was worth noticing that “The Report on Survey of Household Income and Expenditure” had changed the 

“tobacco expenditure” to “tobacco and betal nuts expenditure” since 2009. However, betal nuts only took small 

account of ratio. For research simplicity, even though the smoking rate had risen in 2009, the paper still adopted the 

“tobacco and betal nuts expenditure” as “tobacco expenditure”. 
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Table 3.2.2. The smoking rate in different disposable income group 

Unit: % 

Year 
Group 

Average 
1 2 3 4 5 

2008 27.84 37.93 40.69 41.85 34.52 36.57 

2009 28.28 38.60 40.63 39.72 36.06 36.66 

2010 25.76 36.57 38.42 37.85 33.87 34.49 

2011 25.83 35.00 38.83 37.18 33.12 33.99 

2012 23.11 33.74 35.97 36.90 33.62 32.67 

2013 22.77 31.69 34.64 36.61 32.18 31.58 

2014 21.54 30.86 35.42 34.83 29.98 30.53 

Average 25.72 35.62 38.47 38.48 33.97 34.45 

Source: Survey of Family Income an Expenditure, R.O.C, 2014 & This paper. 

In addition, the paper had also organized the results of the tax revenue of 

“Tobacco tax” and the “Health and Welfare Surcharge on Tobacco Products”, 

calculated by the Ministry of Finance （M.O.F.）. The results were shown in 

Graph 3.2.1. 

According to Graph 3.2.1, the revenue of tobacco tax had reached to the 

highest point at NT$ 24.5 billion in 2005 since the “Tobacco and Alcohol Tax 

Act” was promulgated. After 2005, the tobacco tax revenue had declined by 

years. In 2014, the tax revenue was NT$ 19.4 billion. On the contrary, the 

“Health and Welfare Surcharge on Tobacco Products” had faced increase in both 

2006 and 2009, resulting in rising of surcharge revenue from NT$ 8.3 billion in 

2002 to NT$ 35.1 billion in 2013（A slightly decrease to NT$ 32.9 billion in 

2014）. Furthermore, with the second adjustment in 2009, the revenue of the 

surcharge had exceeded the tobacco tax revenue. As a whole, the financial 

contribution of tobacco tax and surcharge was more significant than the tobacco 

and alcohol monopoly revenue. 
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Source: Yearbook of Financial Statistics, R.O.C （2014） & This paper. 

Graph 3.2.1: The Revenue of Tobacco Tax and Health and Welfare Surcharge 

on Tobacco Products in 2002-2014 
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Chapter 4. Empirical Model 

The paper discussed the characteristics of cigarette consumption in Taiwan, 

the research would use quantile regression as tools of analysis according to data 

from “The report of Household Income and Expenditure”. This chapter was 

divided into three main sections. The first section provided some background 

information about the research data and variables settings. The second section 

explained the procedure of data processing. Finally, the third section set up the 

empirical model for this paper. 

4.1. Data Source and Variables Settings 

1. Data Source 

The data for the research was based on “The Report on Survey of Household 

Income and Expenditure”, conducted by Directorate General of Budget, 

Accounting and Statistics, Executive Yuan, R.O.C. The paper would use the 

household data from 2009 to 2014. 

“The Report on Survey of Household Income and Expenditure” was 

originated since 1964, the report was used to analyze the household income and 

expenditure among different household characteristics by a country-wide 

investigation. The survey adopted a stratified two-stage sampling method with 

counties and cities as subpopulations. The Ts'un and Li, a basic administrative 

unit, was designated as the primary sampling unit （PSU）, and the household 

in the PSU was the secondary sampling unit （SSU）.  
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The items of survey were Household members, household facilities, 

housing conditions, income and expenditure and consumption expenditure. The 

paper would use data of Taiwan household tobacco expenditure from the report, 

and hence analysis the households’ income and characteristics at the same time. 

2. Variables Settings 

Dependent Variable 

The quantity of cigarette consumption （Q_cig）was calculated by dividing 

the cigarette expenditure2 by the average cigarette price per pack. The unit of 

the quantity was “pack”. The quantity of cigarette consumption was the 

dependent variable in this paper. The model would discuss the dependent 

variable in 0.2, 0.4, 0.6 and 0.8 quantiles to observe the characteristics of 

smoking family in different level of cigarette consumption. Furthermore, the 

model would also include 0.05 and 0.95 quantile into the model to consider 

households with more extreme level of cigarette consumption. Moreover, the 

quantity was put into the nature logarithm function in order to observe the price 

elasticity and the income elasticity of cigarettes.  

Independent Variables 

                                              
2 As mentioned in chapter 3, “The Report on Survey of Household Income and Expenditure” had 

changed the “tobacco expenditure” to “tobacco and betal nuts expenditure” since 2009. However, betal 

nuts only took small account of ratio. For research simplicity, even though the smoking rate had risen in 

2009, the paper still adopted the “tobacco and betal nuts expenditure” as “tobacco expenditure” 
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A. Average cigarette price （cig_price） 

The average cigarette price means the average price per pack of cigarette, 

the cigarette price was based on Lin （2009）, Lin （2009）estimated the cigarette 

price from 2004 to 2009, the research would continue the estimation by adjusting 

the average cigarette price from 2010 to 2014 according to the consumer price 

index of cigarette in 2011. Furthermore, in order to observe the price elasticity 

of cigarette, the price would be put into the nature logarithm function. 

B. Real family disposable income（rdi） 

The family disposable income was computed by the household income 

minus the household non-consumption expenditures, for research rationality, the 

paper removed household sample with negative family disposable income. Also, 

the family disposable income was put into logarithm function to discuss the 

income elasticity.  

However, considering that the time period of the research data was sourced 

from 2009 to 2014. The model would use “real” family disposable income rather 

than “nominal” family disposable income. The real family disposable income 

was adjusted from the nominal family disposable income by the consumer price 

index （CPI）, the base year was 2011. 

C. Average sex ratio （avg_sex） 

The gender was set up as dummy variable, 1 represents male, and female 

was 0. The variable meant the ratio of male people in a family. According to 
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Jamal et al.（2014）, It was estimated that male were prone to consume cigarette. 

Therefore, a positive effect was expected. 

D. Average household age （avg_age、avg_age2） 

The average household age was the average age within a household. 

Birmpili et al.（2012）mentioned that age was thought to have a non-linear effect 

to cigarettes consumption. Therefore, the research would also include the 

quadratic term of average household age as explanatory variable in the quantile 

regression model. Generally, age was expected to have negative effect on 

cigarette consumption. Older people would lower the cigarette consumption due 

to health concern. 

E. Average household educational level （avg_edu） 

The average educational level was represented by the number of 

educational year, for primary school, supplementary school and illiteracy, the 

educational year was 6. Furthermore, the educational year of junior high and 

senior high school were 9 and 12. As for junior college, university, graduate 

school and above, were 14, 16 and 18, respectively. Lee et al.（2003）pointed 

that educational level was negative correlated with smoking rate in Taiwan. It 

was expected that people with higher education would have more healthcare 

knowledge than people with lower education. Therefore, the paper expected that 

educational level and cigarette expenditure were negatively correlated. 

F. Number of employed people per household （workP） 
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The paper expected that the number of employed people in a family was 

positive correlated. With more employed people in a family, the family would 

earn more income. Since cigarettes were normal goods, the family with more 

employed people were more likely to purchase cigarettes. 
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4.2. Data Processing 

The paper would discuss the characteristics of cigarette consumption in 

Taiwan. The data for the analysis were based on “The report of Household 

Income and Expenditure” from 2009 to 2014. The paper merged the household 

sample from 2009 to 2014, as a result, the total sample size was 92,711 

households. However, the research target of this paper would be smoking 

households, that is to say, smoking household. In this way, the paper kept the 

sample with tobacco consumption and the sample size was decreased to 30,790 

households. 

Furthermore, the paper adopted quantile regression as research method to 

analysis the effect of household characteristics among different level of smoking 

household. The quantile regression model would sort the quantity of cigarette 

consumption and discussed the effect of household characteristics under 0.05, 

0.2, 0.4, 0.6, 0.8, and 0.95 quantile of cigarettes consumption.  
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4.3. Empirical Model 

The research tool in this paper was “Quantile Regression” proposed by 

Bassett and Koenker（1978）, an extension of Least Absolute Deviation（LAD）

to different quantile. In addition to estimate the central tendency of research data, 

quantile regression also allowed estimations among different quantile and detail 

divided the research data. It could discuss the effect of independent variable to 

the dependent variable under different condition quantile precisely.  

The difference between quantile regression and traditional Ordinary Least 

Square（OLS）method was that quantile regression could completely describe 

the conditional distribution characteristics of dependent variable. Given different 

weights, the model could evaluate the overall conditional distribution. 

Furthermore, the estimation of parameter conducted from the weighting was less 

likely be affected by sample outliers. Especially to the situation whenever the 

conditional distribution was heteroskedastic or the conditional distribution did 

not have a standard shape. For example, asymmetric, fat-tailed and truncated 

distribution. Quantile regression could more effectively analyze the interactions 

between the dependent variable and the independent variable under certain 

conditional distributions than traditional OLS method. 

The paper would discussed the characteristics of cigarette consumption in 

Taiwan from 2009 to 2014 under 0.05, 0.2, 0.4, 0.6, 0.8 and 0.95 quantiles. The 

model was characterized as equation（4.1）： 

         （4.1） 

According to equation（4.1）, the model would analyze the various effects 
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of smoking households characteristics under different level of quantity of 

cigarette consumptions. It was worth noticing that the research placed more 

emphasis on the price elasticity and income elasticity of cigarette demand. 

Therefore, the dependent variable, cigarette price and the family disposable 

income were all put into nature logarithm function. In this way, the paper could 

discuss the response of the change in cigarette quantity demanded to the change 

of cigarette price and family disposable income. The results were shown in 

Chapter 5. 
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Chapter 5. Empirical Results 

The research purpose of the paper was to analyze the characteristics of 

smoking households in Taiwan by using quantile regression analysis. The 

research data used the consumption expenditure of tobacco and other household 

characteristics such as real household disposable income, household average 

educational level…etc, based on “The Report on Survey of Household Income 

and Expenditure” from 2009 to 2014. The quantile regression model would use 

cigarette consumption quantities as dependent variable and discuss the 0.05, 0.2, 

0.4, 0.6, 0.8 and 0.95 quantile of the cigarette consumptions. On the other hand, 

the household characteristics would be taken as independent variables. The 

chapter would discuss the descriptive statistics in the first section. Hence, the 

second section would perform the quantile regression analysis about the 

characteristics of smoking households in Taiwan based on the empirical results.  

5.1. Descriptive Statistics 

This section would specify the descriptive statistics of each variable in the 

empirical model, trying to discuss the characteristics of each variable initially. 

The paper built up the empirical model by using quantile regression, and the 

dependent variable was the quantity of cigarette consumption. On the other hand, 

the independent variables were the cigarette price, household disposable income, 

average household age, average household education years, average household 

sex ratio and the number of working people per household. The descriptive 

statistics were shown in Table 5.1.1. 
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Table 5.1.1: Descriptive Statistics – Cigarette Consumption Quantity 

Variables 

Statistics 

N Mean S.D min max Median 

Quantity 30,790 296.85 230.61 0.75 3,272.29 253.44 

Expenditure 30,790 19,850.91 15,409.95 50.00 230,835.80 17,407.33 

Income 30,790 928,927.20 588,462.90 2,983 21,000,000 825,393.20 

Expenditure

/income 
30,790 2.91% 5.18% 0.01% 489% 2.04% 

Sex ratio 30,790 55.35% 20.49% 0% 100% 50.00% 

Education 

year 
30,790 9.70 3.00 0 18 9.75 

Avg.age 30,790 42.23 14.02 8.50 98 40 

Working 

people 
30,790 1.76 1.06 0 8 2 

 
a. The unit of cigarette consumption quantity was “pack”, “NT$” for real cigarette expenditure and real family 

disposable income, “%” for the ratio of real cigarette expenditure to real family disposable income and 
average male per household, “years” for average household age and average household educational level, 
and “people” for number of employed people per household. 

b. The real cigarette expenditure and real family disposable income was adjusted by the consumer price index 
（CPI）, considering 2011 as base year. 
c. The sample were collected with positive family disposable income and households with cigarette 

consumption. 

From Table 5.1.1, the number of samples in this research were 30,790 

smoking households. The average cigarette consumption of smoking households 
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were 296.85 packs per year. In other words, smoking households would purchase 

0.81 packs of cigarette every day. Furthermore, the minimum of cigarette 

consumption was 0.75 pack of cigarettes per year, whereas, the maximum of 

cigarette consumption was 3,272.29 packs of cigarettes per year. The results 

showed that the range of cigarette consumptions was huge. 

The average real cigarette expenditure of smoking households was NT$ 

19,850.91. Also, the range of cigarette expenditure was huge, from NT$ 50 to 

NT$ 230,835.80. The median was NT$ 17,407.33. 

On the other hand, the average family disposable income of smoking 

households was NT$ 928,927.20. The minimum was NT$ 2,983, the maximum 

was NT$ 21,000,000. The median was NT$ 825,393.20. 

The average ratio of the real cigarette expenditure to the real household 

disposable income for smoking households was 2.91%. Indicating that the 

proportion of cigarette expense for households were small. The minimum ratio 

was 0.01%. However, the maximum ratio was 489%, the paper speculated the 

result was resulted in the form of the data collection.  

The “The Report on Survey of Household Income and Expenditure” mostly 

collected the salary revenue of households. However, revenues in other forms of 

income were rarely recorded. Households with such high ratio of cigarette 

expenditure to disposable income could be the households that received revenue 

from other forms of income. Therefore, the samples should not be deleted. 
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Moreover, the paper divided the consumption quantity into 5 equal amount, 

and hence discuss the descriptive statistics in each quantile. The results were 

shown in Table 5.1.2. 

Table 5.1.2: Descriptive Stats – 5 Levels of Cigarette Consumption Quantities 

Group 
1 

(n=6177) 

2 

(n=6140) 

3 

(n=6196) 

4 

(n=6130) 

5 

(n=6147) 

Variable Mean. 

Quantity 75.57 161.77 255.83 351.07 641.41 

Expenditure 5,061.41 10,832.84 17,197.16 23,434.03 42,822.08 

Income 869,220 880,319 911,371 937,077 1,047,047 

Expenditure/income 0.89% 1.77% 2.81% 3.47% 5.61% 

Sex ratio 54.78% 54.57% 55.14% 55.37% 56.90% 

Education year 9.67 9.79 9.64 9.77 9.62 

Avg.age 43.38 42.54 42.85 41.97 40.40 

working people 1.59 1.63 1.71 1.80 2.04 

Note:  
a. The unit of cigarette consumption quantity was “pack”, “NT$” for real cigarette expenditure and 
real family disposable income, “%” for the ratio of real cigarette expenditure to real family disposable 
income and average male per household, “years” for average household age and average household 
educational level, and “people” for number of employed people per household. 
b. The real cigarette expenditure and real family disposable income was adjusted by the consumer 
price index （CPI）, considering 2011 as base year. 
c. The sample were collected with positive family disposable income and households with cigarette 
consumption. 

From Table 5.1.2, 30,790 households with cigarette consumption were 

divided into 5 group according to their cigarette consumption quantities. From 

the lowest 20% to the highest 20%. The average cigarette consumption in group 

1 was 75.57 packs per year, however, the average cigarette consumption in group 
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5 was 641.41 packs per year. In other words, households with high cigarette 

consumption would purchase 1.8 packs of cigarette every day. Furthermore, the 

consumption quantity in group 5 was almost 8.5 times than the quantity in group 

1, showing a great growth of cigarette consumption, inferring the severity of 

smoking was large. 

The household average real cigarette expenditure actually showed a similar 

pattern to the household average cigarette consumption. From NT$ 5,061.41 in 

group 1 to NT$ 42,822.08 in group 5. The growth of cigarette expenditure was 

also approximately 8.5 times. 

The real household disposable income were growing slowly, the average 

real household disposable income was NT$ 869,220 in group 1, and NT$ 

1,047,047 in group 5. According to the trend, the paper could speculate that 

cigarette should be regarded as normal goods, the number of consumption 

quantities raised as the household disposable increased. 

Similar to the cigarette expenditure and household disposable income, the 

ratio of real cigarette expenditure to real family disposable income was also 

growing among groups. From the lowest 0.89% to the highest 5.61%, indicating 

that households were addicted to cigarettes and the trend was growing. 

As for household characteristics, the ratio of male people in a household 

were slightly growing as cigarette consumption increased, from 54.78% in group 

1 to 56.90% in group 5. The results showed that male were more likely to smoke 

than female. 
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The average household educational level remained stable between different 

groups of cigarette consumptions. The effect was not easy to observe by 

descriptive statistics. However, the paper predicted that educational level should 

be negatively correlated with cigarette consumption, people with higher 

education would reduce their smoking behavior because they had learned more 

healthcare knowledge than low-educated people. 

The average age per household decreased as cigarette consumption 

increased, in group 1, the average age was 43.38. However, the average age was 

40.40 in group 5, showing that younger people were more likely to consume 

cigarette than older people. 

The number of working people per household tend to increase as the 

cigarette consumption increased. Households with more working people would 

earn more income and purchase more cigarettes. 
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5.2. Empirical Results 

The paper discussed the characteristics of cigarette consumption in Taiwan 

during 2009-2014 by using the quantile regression. The quantile results would 

described the results in 0.05, 0.2, 0.4, 0.6, 0.8 and 0.95 quantiles. The model had 

set cigarette consumption quantities as research object. Hence, the paper had set 

up the natural logarithm of real family disposable income（lnrdi）, the natural 

logarithm of cigarette price（lnp）, the average number of male per household

（avg_sex）, the average age per household（avg_age）, the square of the average 

age per household （ avg_age2 ） , average educational year per household

（avg_edu）, and the number of working people in a household（workP）as 

explanatory variables. Thus, the model was built up to analyze the effect of 

household characteristics to cigarette consumption. 

Furthermore, the paper would also collect the OLS results as comparison 

with the quantile regression results. The section would show up the regression 

results and discussed the empirical meaning of results. The quantile regression 

results were recorded in Table 5.2.1 and Graph 5.2.1 

According to Table 5.2.1, the income elasticity of cigarette was positive. 

Also, it ranged around 0.119 to 0.160 among different quantiles. Compared to 

the OLS result of 0.117, the income elasticity were similar. The result showed 

that household would increase their cigarette consumption as their disposable 

income increased. In other words, the households would take cigarette as normal 

goods. 

As for price elasticity, the result in 0.2, 0.4, 0.6 and 0.8 quantile were similar 
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to the OLS result, about -0.161 to -0.231 while the OLS estimation was -0.289. 

However, the price elasticity was -0.363 in 0.05 quantile, which was relatively 

higher than the price elasticity in 0.2, 0.4, 0.6 and 0.8 quantile. For low cigarette 

consumption households, the households were easily to be affected by cigarette 

price, since the households were less addicted to cigarettes. 

Furthermore, the price elasticity changed to -0.701 in 0.95 quantile, a 

possible explanation for this phenomenon was that households with higher 

cigarette consumption were highly addicted to smoking, when the cigarette price 

increased, they would try to change smoking habit such as buying cheaper 

cigarettes or smuggled cigarettes. 

Hyland et al.（2003）examined the cigarette purchasing patterns of current 

smokers and determined the effects of cigarette price on use of cheaper sources, 

smuggled/generic cigarettes, and coupons. The researchers proposed that higher 

cigarette prices resulted in decreased cigarette consumption, but price sensitive 

smokers would seek lower priced or tax-free cigarette sources, especially if they 

were readily available. Finally, the researchers indicated that most smokers were 

price sensitive and seek out measures to purchase less expensive cigarettes, 

which may decrease future cessation efforts.   

Other household characteristics such as gender, age, educational level and 

number of working people in household showed significant effect. The cigarette 

consumption was positive correlated with the ratio of male people in a household, 

in other words, household with more male would consume more cigarette than 

the households with lesser male members. 
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Age was also an important factor to analyze, as mentioned in the last chapter, 

the paper expected that age would cause non-linear effect. In this way, the paper 

took the square of average age per household into consideration. The result was 

significant in the regression results. Household average age was generally 

positive correlated with cigarette consumption, however the marginal effect of 

age decreased as age increased. Older household would lower their cigarette 

consumption due to health concern. 

Furthermore, household average educational level were negative correlated 

with cigarette consumption, household with higher educational level would also 

reduce their cigarette consumption because they would have better sense of 

health care. 

Hence, the number of working people in a household was positive 

correlated with cigarette consumption. Households with more working people 

would earn more income and often gain more stress in their working 

environment. Therefore, they were more likely to purchase cigarette. It was 

worth noticing that the quantile regression results showed the similar trend as the 

OLS regression. 
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Table 5.2.1: Quantile Regression and OLS Results 

t statistics in parentheses 

◎p<0.1* p < 0.05, ** p < 0.01, *** p < 0.001

Quantile OLS 0.05 0.2 0.4 0.6 0.8 0.95 

lnrdi 0.117*** 0.0557◎ 0.119*** 0.145*** 0.123*** 0.124*** 0.143*** 

 （11.31） （1.80） （7.35） （9.16） （13.61） （11.27） （7.66） 

lnp -0.289*** -0.363* -0.209* -0.161◎ -0.231*** -0.220*** -0.701*** 

 （-4.82） （-2.23） （-2.30） （-1.76） （-4.36） （-3.51） （-7.18） 

avg_sex 0.301*** 0.297*** 0.219*** 0.316*** 0.240*** 0.281*** 0.440*** 

 （13.17） （4.48） （6.16） （9.05） （11.96） （11.69） （11.24） 

avg_age 0.0156*** 0.00920 0.0183*** 0.0187*** 0.0142*** 0.00900*** 0.0200*** 

 （8.03） （1.63） （6.10） （6.31） （8.35） （4.49） （6.23） 

avg_age2 -0.000192*** -0.000135* -0.000219*** -0.000216*** -0.000172*** -0.000117*** -0.000248*** 

 （-8.94） （-2.18） （-6.64） （-6.62） （-9.16） （-5.31） （-6.98） 

avg_edu -0.0261*** -0.0158** -0.0225*** -0.0307*** -0.0209*** -0.0222*** -0.0385*** 

 （-14.54） （-3.06） （-8.14） （-11.24） （-13.28） （-11.81） （-12.93） 

workP 0.0729*** 0.0737*** 0.0556*** 0.0778*** 0.0508*** 0.0694*** 0.0993*** 

 （12.86） （4.47） （6.33） （9.00） （10.18） （11.60） （10.46） 

_cons 4.717*** 4.391*** 3.767*** 3.649*** 4.727*** 5.054*** 7.154*** 

 （16.53） （5.67） （8.74） （8.41） （18.81） （16.89） （14.78） 

N 30790 30790 30790 30790 30790 30790 30790 
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Graph 5.2.1 was drawn by the quantile regression and the OLS results of 

this research. The horizontal axis represented the quantile and the vertical axis 

presented the estimated coefficient from the research. The OLS results were the 

vertical blue dotted line in the graph, and quantile regression results were the red 

curves. Furthermore, the grey area were the 95% confidence interval of the 

quantile regression results. 

According to Table 5.2.1, the income elasticity of the OLS estimation was 

0.117. On the other hand, the estimates varied with the level of quantile. The 

income elasticity raised up from 0.0557 at 0.05 quantile to 0.143 at 0.95 quantile. 

The results were also presented in Graph 5.2.1. The blue dotted line（OLS）

stayed at 0.117, and the red curve (Quantile Regression) showed the change of 

estimates. Before 0.2 quantile, the quantile regression results was lower than the 

OLS result. However, the quantile regression exceeded the OLS result after 0.2 

quantile. 

As for price elasticity, cigarettes were more elastic in the area before 0.2 

quantile and after 0.8 quantile, the estimates were -0.363 and -0.701, respectively. 

Meanwhile, the quantile regression results showed that cigarettes were less 

elastic than the OLS estimates during 0.2 to 0.8 quantile. The estimates was 

around -0.209 to -0.231 while the OLS estimates were -0.289. 

The graph of average sex ratio per smoking household showed that the 

effect of male became more significant as quantile level increased. Generally, 

gender were positively correlated with cigarette consumptions. 
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Graph 5.2.1 also pointed out that educational level were generally 

negatively correlated with cigarette consumption. The effect decreased as the 

quantile level increased. 

The average age and number of working people in smoking households 

show an increasing effect as a whole. However, the correlation was unable to 

speculate according to the graph. 
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Graph 5.2.1: Quantile Regression Results 

In addition, the paper used the characteristics of smoking households to 

estimate the effect to cigarette consumption in Taiwan. In this section, the paper 

would adopt the characteristics of household “head” as sensitivity analysis to re-

estimate the effect. The sensitivity analysis results were shown in A1. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

Chapter 6. Conclusion 

 

46 

 

Chapter 6. Conclusion  

Tobacco products had been thought as “demerit goods” which would 

produce negative externalities and external social costs. Not only the nicotine in 

the ingredient of tobacco products was hazardous to smokers, but also the 

second-hand smoke produced by smokers would harm non-smokers when they 

were in the same place. Tobacco products had already drag huge attention to the 

world. Therefore, the products were thought to be taxed and hence controlled the 

consumption of the products. 

The research purpose of the paper was to investigate the characteristics of 

cigarette consumptions in Taiwan, using the data of “The Report on Survey of 

Household Income and Expenditure” in 2009-2014.  

As for research method, the paper adopted quantile regression model to 

analyze the effect. The paper discussed the effect of household characteristics 

such as real household disposable income, gender, educational year, age, number 

of working people in a household and also the average cigarette price among the 

0.05, 0.2, 0.4, 0.6, 0.8, and 0.95 quantile of cigarette consumption. 

The results showed that the income elasticity of cigarette were positive, 

indicating that cigarettes were regarded as normal goods in Taiwan. As for price 

elasticity of cigarette demand, the result in 0.2, 0.4, 0.6 and 0.8 quantile were 

similar to the OLS result, about -0.161 to -0.231.  
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However, the price elasticity was -0.363 in 0.05 quantile, which was 

relatively higher than the price elasticity in 0.2, 0.4, 0.6 and 0.8 quantile. For low 

cigarette consumption households, the households were easily to be affected by 

cigarette price, since the households were less addicted to cigarettes. 

Furthermore, the price elasticity changed to -0.701 in 0.95 quantile, a 

possible explanation for this phenomenon was that households with higher 

cigarette consumption were highly addicted to smoking, when the cigarette price 

increased, they would try to change smoking habit such as buying cheaper 

cigarettes or smuggled cigarettes. 

Hyland et al.（2003）pointed out that there existed risks of price sensitive 

smokers seek out measures to purchase less expensive cigarettes when they were 

highly relied on cigarettes, such as smuggled cigarettes, which may decrease 

future cessation efforts.   

Furthermore, the household characteristics also displayed significant effect 

to cigarette consumptions. Households with more male people would purchase 

more cigarettes than households with less male people, older people would 

reduce their cigarettes consumption because they started to care more about their 

health condition. Higher-educated people would also reduce their smoking 

behavior due to they had acquired more healthcare knowledge. Households with 

more working people were more intend to purchase cigarettes since the 

households were more likely to earn more income and also have more stress in 

their working environment. 
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According to the research results in this paper, the empirical results showed 

that the relationship between cigarette consumption and household 

characteristics were significant. The government should also take the 

consumption characteristics of smoking households into account when 

implementing the tobacco control policy. 
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Appendix 

A1: Quantile Regression and OLS Results (Sensitivity Analysis) 

t statistics in parentheses 

◎p<0.1* p < 0.05, ** p < 0.01, *** p < 0.001 

Quantile OLS 0.05 0.2 0.4 0.6 0.8 0.95 

lnrdi 0.117*** 0.0545◎ 0.127*** 0.126*** 0.119*** 0.123*** 0.145*** 

 （10.97） （1.66） （7.22） （8.65） （12.60） （11.10） （6.99） 

lnp -0.250*** -0.393* -0.200* -0.135 -0.199*** -0.224*** -0.524*** 

 （-4.17） （-2.27） （-2.07） （-1.64） （-3.74） （-3.70） （-5.01） 

sex 0.0936*** 0.105** 0.0840*** 0.0955*** 0.0665*** 0.0812*** 0.125*** 

 （7.63） （2.87） （4.18） （5.68） （6.14） （6.64） （5.97） 

age 0.00902*** 0.0113◎ 0.00826* 0.00796** 0.0107*** 0.00611** 0.00724◎ 

 （4.00） （1.70） （2.27） （2.59） （5.34） （2.66） （1.76） 

age2 -0.000131*** -0.000163* -0.000115** -0.000116*** -0.000146*** -0.0000929*** -0.000124** 

 （-5.92） （-2.52） （-3.21） （-3.84） （-7.48） （-4.11） （-3.07） 

edu -0.0258*** -0.0228*** -0.0215*** -0.0274*** -0.0210*** -0.0221*** -0.0382*** 

 （-15.31） （-4.36） （-7.77） （-11.88） （-14.08） （-12.93） （-12.45） 

workP 0.0637*** 0.0637*** 0.0496*** 0.0686*** 0.0416*** 0.0643*** 0.0903*** 

 （11.22） （3.71） （5.29） （8.84） （8.26） （11.05） （8.81） 

_cons 4.863*** 4.701*** 3.924*** 4.177*** 4.886*** 5.290*** 6.903*** 

 （16.99） （5.75） （8.54） （10.69） （19.23） （18.14） （13.30） 

N 30790 30790 30790 30790 30790 30790 30790 


