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Tobacco use is by far the leading readily preventable cause of premature death in the United States.  Approximately 440,000 premature annual deaths in the United States are caused by tobacco use. In total, approximately 8.6 million people suffer at least one illness caused by tobacco use.  The economic loss is of great magnitude; some $75 billion per year on medical expenditures and $92 billion per year in loss of productivity. (Centers for Disease Control and Prevention, 2006)

In 2005, approximately 20% of adults and 25% of youths were smokers.  The Center for Disease Control (CDC) is funded with over $100 million each year in an effort to reduce the amount of people who smoke.  The CDC identifies preventing youths from starting to smoke and promoting smokers quitting as two of their main objectives.  (2006). To examine how to prevent smoking, it is crucial to consider the incentives surrounding beginning to smoke and the difficulties surrounding quitting smoking.
1.  Introduction

This paper examines micro-economic incentives for smoking cigarettes.  The key aspect considered is network effects, and how they can help explain the demand for cigarettes.  Common examples of network industries include telephone, email, computer hardware and, computer software.  A network effect is generally defined as a feature of a market that causes demand for a good or service to be dependent on the amount of people using that good.  The most common example of a market affected by network effects is in the market for telecommunication services and telecommunication products.  It is easy to imagine that the utility of a telephone would be quite low if no one else had one; and as other people begin to purchase telephones, the utility increases.  This effect is called a consumption externality, which is the most common form of a network effect.  

While the definition and discussion of network effects above is certainly the most common, the economic literature has identified numerous other examples of network effects including switching costs.  One easy to grasp example of a switching cost can be seen in the airline industry.  By offering frequent flier miles, the airline industry creates a switching cost such that by using a competing airline, one foregoes the value of miles from one’s frequently used airline.  Another example can be seen in the shaving products industry.  Companies such as Gillette will often give away their brand of shaver to men turning eighteen years old in hopes that these individuals will buy their replacement blades repeatedly.  As such, Gillette imposes a small switching cost when consumers switch shavers.  This is because to use a different brand of shaver, individuals would have to buy the shaver and the blades of the new brand rather than just the replacement blades compatible with the Gillette shaver.  While indeed a small cost, this switching cost is frequently enough to keep return customers.  
Consistent with the discussion above, network effects can be seen with regard to cigarettes.  Peer cigarette use influence increases demand (consumption externality).  This is to say that an individual’s demand for cigarettes increases as the quantity of cigarette users increases.  In the literature regarding cigarettes, this effect is referred to as a peer effect. This idea will be discussed in detail in section 2.1.
There is a second network effect, which was created by the industry.  This effect, which is analogous to the airline industry’s methods, is seen when companies offer redeemable points on the outside of cigarette packages.  For example, when Camel offers one redeemable point per package, and offers a Camel sweatshirt for twenty points, individuals who have already purchased a few Camel packages will lose out on the value of their points when switching brands.
The objective of this paper is to identify network effects as they apply to the demand for cigarettes and to suggest that these network effects are important to consider when estimating price elasticity, and effects of advertising, anti-advertising, and other variables chosen by researchers to study. 

The paper is organized as follows.  Section 2.1 explains how network effects and peer effects are one in the same.  Section 2.2 on brand choice introduces the ideas of consumption externalities and switching costs as they pertain to cigarettes.  Then profit-seeking by firms experiencing network effects is discussed.  In the case of network externalities, one can use the Undercut-Proof Equilibrium.  Analysis in this section suggests that the direct effect of advertising may be overstated in previous studies. Section 2.3 explores the notion of critical mass as it pertains to cigarette demand.  Discussion of critical mass naturally supports the main goal of the paper.  Section 3 concludes; and section 4 addresses limitations of the paper.
2.1 Peer Effects and Network Effects
, We will now discuss why peer effects are indeed network effects:  Consider a utility function of smoking:

U = s(x) + αη

Where s denotes smoking, x is the vector (x1,…,xn); and where the direct individual utility of smoking is equal to S = s(x1,…,xn).  x1 to xn represent direct variables such as price, advertising and other factors.  The right side of the summation represents the peer effects, where α (> 0) is a constant that represents the intensity of the network effect and η is the number of people in the network.  

If U > 0, then one smokes.
If U < 0, then one does not smoke.
When considering the network effects of this utility equation, the mere fact that peer effects can (in theory) change a non-smoker into a smoker suggests that peer effects, in at least some sense, are utility increasing.  This can be shown as:

When s(x) < 0, but U > 0, meaning that αη > s(x)
This example refers to the specific case when an individual who normally would not smoke decides to smoke because of the network effect. 
Recalling that a market demonstrating network effects is one where the utility of a consumer increases as a function of other consumers joining the network, one can see that peer effects create a network economy for cigarettes.  As such, the term peer effects and network effects are synonymous. 

Assuming that peer cigarette use indeed affects the individual’s choice to smoke, it follows that the addition of one smoker increases the utility of the smoking population.  Similarly, the reduction of one smoker from an individual’s social group will decrease the utility by α.  For this reason we hypothesize that prior studies have over-estimated the direct effect of price, advertising, and other elements as they pertain to the demand for cigarettes.  When considering a statistical study that does not mention peer effects, peer effects are thought to be hidden amongst the chosen variables of study.  After further discussion, this assertion will be discussed in detail.  

2.2 Brand Choice 
Marlboro and Camel have large market shares among young smokers. Prior analysis has largely credited advertising as an explanation of this fact.  Correlations used to support this are seen in data collected between 1979 and 1993. Marlboro advertising accounted for 12.7% of all tobacco advertising, Marlboro had 59.5% of adolescent sales and 21.9% of adult sales.  Camel had 4.9% of all advertising, 8.7% of adolescent sales, and 3.7% of adult sales.  With subsequent brands Newport, Salem, and others, the data continues to show that the greater the advertising share, the greater the adolescent sales (Pollay, Siddarth, & Siegel, 1996).  Additionally, researchers have asserted that youths are three times more sensitive to advertising than adults  (Pollay,  Siddarth, & Siegel, 1996).  With regard to these findings, it is no wonder that the tobacco industry would choose to target youths in their advertising. Also, the tobacco industry has an increased incentive to target youths because of the long-term revenue possibilities of addicted smokers.  Indication that cigarette companies are in fact targeting youths comes from the fact that surveys have shown that 90% of children aged 8 to 13 are able to recall Joe Camel and connect him to cigarettes (Levin, 1992) and that 50% of children aged 3 to 6 correctly matched Joe Camel with cigarettes (Mizerski, 1995).  Turning now to network effects, it is not our assertion that network effects and not advertising determines brand choice, but rather that network effects contribute to brand choice.  

Some economic literature does exist regarding peer effects or network effects, but little or none as it pertains to brand choice.  That is, most literature is far more concerned with the peer tobacco use as it affects smoking vs. non-smoking.  Recent literature reports that social interactions are important determinants of youth behavior (Powell, 2003).  Most researchers agree that the prevalence of smokers in one’s peer group increases the probability of an individual beginning to smoke. Prior literature suggests that changes in peer cigarette use increases the probability of an individual youth smoking.  Specifically, an increase in peer smoking by 10% increases the probability of youth smoking by approximately 10% (Norton, Lindrooth & Ennett, 1998).  Powell suggested that moving a student from a school where no one smokes to a school where 50% of the peer population smokes will increase the moving student’s probability of smoking by 28 percentage points (2003).  Clearly prior research suggests that network effects can increase the probability of individual smoking, but how does this pertain to brand choice?


New smokers frequently smoke their first cigarette from a peer’s package which leads to development of taste and preference toward that particular brand. Because of this, when one smoker chooses a brand, it is likely that his friends or siblings will choose the same brand when they purchase their first packages.  Oversimplified evidence of this can be seen in studies that have concluded that black smokers are more than twice as likely to smoke mentholated cigarettes as whites (Cummings, 1987).  This evidence is oversimplified because it assumes that blacks have black peers and whites have white peers. Tobacco companies recognize these effects and attempt to exploit this by advertising.  That is, Cummings’s study concludes that magazines similar in content, but that target black readers, contain far more advertisements for mentholated cigarettes (1987).  As mentioned earlier, prior research largely credits advertising for cigarette brand choice; but without regard to network effects, the effect is inflated or overstated.  
Next we can model the ideas above from a cigarette firm’s perspective. When discussing network economies, Shy (2001) found it useful to consider consumers facing two types of goods A and B which are produced by two firms A and B, respectively.  For simplicity, we assume these two brands are produced by firms facing equal costs, meaning that we can ignore cost in the model.  Next assume a population such that ηA = ηB ,where η is the quantity of consumers and the subscript denotes the cigarette brand they prefer.  In other words, there are equal numbers of consumers of brand A and brand B.  Consider homogeneous consumers with the utility below.  Because consumers are homogeneous, we can also ignore s(x) in this case.  Thus we are only examining prices set by firms and network effects of consumers.
UAA = -PA    
 where the first subscript with U represents which brand is preferred, and the second denotes which brand is chosen.  And where PA represents the price of brand.
UAB = -PB - δ
when observing a  consumer that prefers brand A consuming brand B, where PB represents the price of brand B, and where delta represents the switching cost from consuming a less preferred brand.  To observe this, it must be the case that -PB - δ < -PA.  This case is referred to as when firm B undercuts firm A.
Referring back to the utility function U = s(x) + αη , -δ is the same as αη such that the switching cost is the negative amount of the positive network effect.  This will be important when discussing how a firm can increase profits.  Changing the notation in this way mathematically prepares us for the undercut-proof equilibrium discussed below.
Similarly,

UBB = -PB   
when consuming brand B; and
UBA = -PA – δ
when observing a consumer who prefers brand B consuming brand A
Next, we can consider profit maximizations of firms A and B to find prices PA and PB and consumption choices by consumers A and B.  Once profit formulas are determined, profit seeking can be discussed.  In the case of network economies the competitive firms end up in equilibrium according to the Under-Cut Proof Equilibrium.
The Under-Cut Proof Equilibrium (Shy, 2001)

To define undercutting, we can recognize that firm A undercuts firm B if:  PA< PB – δ thereby subsidizing consumer B’s disutility from consuming brand A cigarettes and receiving the additional quantity of sales from all type B consumers.  That is, firm A must set its price low enough to entice those who prefer brand B to now consume brand A; by doing so firm A has undercut firm B.  Similarly, firm B undercuts firm A if:  PB < PA - δ.  


Next, for a given PB and ηB, firm A chooses the highest price PA subject to 



πB = PBηB > (PA – δ)(ηA + ηB);

and, for give PA and QA, firm B chooses the highest price PB subject to 



πA = PAηA > (PB - δ)( ηA + ηB).

These equations suggest that each firm sets its price as high as it can, subject to not being undercut.  In other words, their price must still be low enough that it is not profitable for its rival firm to undercut them.  Given these two equations, we can solve for equilibrium prices as a function of quantities.  
PA = 
(ηA + ηB) (ηA + 2ηB)δ 


 (ηA)2 + ηAηB + (ηB)2          
PB = 
(ηA + ηB) (2ηA + ηB)δ 


 (ηA)2 + ηAηB + (ηB)2

Now, to make the model more interesting and less symmetric, assume that brand A consumers are twice as loyal as brand B consumers, or that brand A consumers undergo twice the switching cost when switching to brand B, as brand B consumers have switching to brand A (UAB = -PB – 2δ).  One explanation of this could be that brand A smokers are younger, and the peer effect is stronger.  Or, you could even consider that brand A provides points on the outside of their packages, driving up the switching cost.

To make the model easier to grasp (by using numbers rather than variables) we can set ηA = ηB = 50 and test the equilibrium when firm B sets its price at $5 (and thus profit $250).  Solving the algebra of two equations and two unknowns, we can conclude that the PA will be $6.25 making $312.50 in profit.  To further explain the undercut proof equilibrium, firm A would have to sell at $3.12 to undercut firm B and make a profit of (100η)($3.12) equal to $312.00 < $312.50.  From the equilibrium we found above, we can conclude that brands facing consumers with larger switching costs and thus stronger peer effects can set higher prices and earn higher profits.  


By using another example, another important conclusion can be drawn when looking at firms facing differentiated products. Using the model above with δ equal across consumers, if we now set ηA = 100 and keep ηB = 50, we will find an interesting result.  Firm A will have to set its price equal to $4 in order to not be undercut.  Firm B will continue to profit $250 while firm A will now profit $400.  When δ is equal across all types of consumers, the firm selling to the larger number of consumers will earn higher profits despite being forced to sell at a lower price.   It should be clear that the larger the value of δ (equal to αη) the more profit a firm can expect to earn.
This network effect can even create a barrier to entry.  If a firm is selling close to unit cost and has already created a network/switching cost, entering firms facing similar cost will have to sell below unit cost to compete.
2.2 Critical Mass 
It is estimated that one billion packs of cigarettes are consumed annually in the United States by people less than 18 years of age (Pollay, 1996).  The World Heath Organization predicts half of youths who smoke throughout their lives will be killed by tobacco use (Voelker, 1995). As pre-teens become teens and as early teens become late teens, they, in most cases, are faced with the choice to smoke cigarettes.  Consistent with literature and discussion presented in previous sections, this model adopts a utility function where utility from smoking increases as the number of youth smokers increases.  This is synonymous with saying that the odds of an individual youth smoking increases when in an environment of other youth smokers.  
Consider consumers facing the utility function:
U = s(x) -P + αη
where P represents price

By analyzing this function, we can draw an important conclusion.  We can imagine a price (P) greater than the highest consumer’s direct utility (s(x)) such that the number of consumers (η) will be equal to zero.  If the price were slightly less such that someone chooses to consume, they will create a network.  If it were the case that many other consumers experience similar demand functions, they may now choose to smoke because of the positive network effect.  To generalize, if  s(x) + αη > -P,  then one will choose to smoke.
It is useful now to introduce the definition of critical mass.  Critical mass (Qcm) is a quantity such that a given consumer benefits from smoking.  To grasp the idea of critical mass, one can consider the example of a dancing club or a restaurant.  When the amount of people in a club is zero, it is less desirable to dance there.  As the number of people increases, the club is more desirable, and soon enough the club is full.  Critical mass is often considered a price low enough to “get the ball rolling,” such that a network is created. However, firms can increase the quantities through advertising and promotions as well.  It is complicated to raise prices as quantity increases, but it can be done.  One example of this is happy hour at a restaurant.  Another is charging no cover for the first 50 people at a club.  Fortunately for society, it is very difficult for cigarette companies to price discriminate as they could vary prices based on addiction.  That is, they could sell cigarettes to young people for $1.00 while charging an addicted adult $9.00 a package.  As such, they could reap the benefits of network effects by creating large networks among youths and still sell at high prices to smokers who are highly addicted.
To look at how price and network intensities affect critical mass, we can let
Qcm   = P/α,  
Critical mass varies across consumers, but types of consumers can be identified and critical mass can be discussed.  It makes sense that as P increases, so would the critical mass (the network size needed to get one to join), and as α (the intensity of the network effect) increases the critical mass decreases.  In our context, as cigarette prices go down, a lesser quantity of people is needed to create a critical mass for a type of consumer. Also, the more the value placed on others smoking, the smaller the quantity of people needed to create a critical mass. 
From a marketing prospective, knowing the critical mass of types of consumers is important because it can indicate how much advertising is needed to “sway” certain consumer types.  Once the quantity is increased via advertising, even after the advertising ceases, if the critical mass has been reached, consumers will continue to buy (Shy, 2001).
Once grasping the idea of critical mass, it should follow that if one were to study the effect of a new tobacco policy, one would need to consider the critical mass of consumers types.  For example, consider a new policy that makes cigarettes harder for youths to get directly, causing some youths to stop smoking and some to never begin.   One would next expect that other potential smokers would not begin to smoke as the network is not strong enough.  To further explain, imagine that the policy caused an older brother to not smoke, later causing the younger brother to not smoke.   The total effect of the policy is the number of people who did not smoke as a result of the policy.  However, part of the reduction was actually caused by the shrinking of the network.

3 
Conclusions 

Given that the U.S. government is trying to reduce cigarette use, this paper has many policy implications.  Section 2 suggests that regulating price and advertising will yield a large result.  This is because regulation will directly reduce the amount of smokers and result in an indirect reduction due to the smaller network.  Specifically, section 2.3 suggests that an increase in price will cause a great decrease in demand, depending on the value of α.  To explain, when price increases and the number of people in the network decreases, there is an extra reduction in utility equal to -∆η(α).  This is often referred to as a multiplier effect.  Similarly, when advertising brings new consumers into the market, there is extra utility ∆η(α).  When considering critical masses of consumer types, we would expect to see a large increase in demand if the tobacco industry were to become unregulated.  Confirmation of this can be identified when referring back to the example involving the older brother and the younger brother.  If no taxation or advertising regulation existed, we would expect that many more people would be smokers---both as a direct effect of not taxing and allowing advertising and by the increase of the network effect.  In our example, the younger brother would be more likely to smoke as an effect of the directed effect and of the increased probability of his older brother smoking.
To shrink the network effect another way, policy makers could attempt to reduce the intensity of the network (α).  Some attempts of this have been seen in recent television commercials.  One commercial features a male youth packing cigarettes.  When a female youth looks over at him, he suddenly turns into an ape.  Clearly the commercial’s intent is to suggest that smoking is not “cool”.  A similar strategy could be to insist that movies featuring frequent smoking receive an R rating. 

At the same time, this paper yields strategy implications for tobacco companies.  One could imagine that a large, but temporary, price cut could increase the network effect, attracting many new smokers and increasing profits in long run.  Or, tobacco companies could launch a massive, but short in duration, advertising campaign.  By doing this they could “sway” new consumer types that will continue to smoke even after advertising ceases.  In direct contrast to the policy implication regarding the intensity of the network, tobacco companies could strive to make cigarettes look “cool” in movies and other media.
It should be clear what network effects are, how they pertain to the demand for cigarettes, and that they can be used to examine both brand choice, and the choice of smoking vs. not smoking.  Most importantly, this work suggests that it would be inadequate not to mention network effects when studying the effects that advertising, price, and other variable have on the demand for smoking.  This is because, when left unexamined, network effects will become hidden within other variables.  That is, we suggest that if a researcher concludes additional advertising boosted sales 10%, the boost could have been 7% from the advertising and 3% from the network effect.

4.
 Limitations
This paper has several limitations, and thus means for improvement.  One limitation is that the magnitude of the network effect is not mentioned.  With this in mind one could attempt to explain the magnitude statically.  Another limitation is that the alpha (α) term is treated as a constant in the models.  One could explore the term further and even treat it as a function. To explain, we can refer back to the telephone example.  When a family member or close friend purchases a telephone, the intensity multiplier (α) of the additional person will be higher than when someone one barely know joins the network of owning a telephone.  To relate this back to cigarettes, findings suggest that youths beginning to smoke are highly dependent on smoking behavior by parents and siblings.  One study found that 44% of youths with an older sibling who smoked were themselves 
smokers.  Similarly, 40% of youth whose parents smoked were themselves smokers.  (Lawton, 1962).  Nevertheless, using α as a constant should not undermine the veracity of our conclusions.
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