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Abstract

Recent work has emphasized the importance of new goods for consumers and the
economy. When there are fixed costs associated with the development and diffusion of these
new goods, taxes can generate large efficiency costs by slowing the rate of innovation. This
paper develops an empirical methodology for quantifying this dynamic deadweight loss of
taxation in the context of the value of Broadband and taxes on Internet access. Combining data
on individual demand for broadband by market with data on supplier entry into broadband in
those same markets, the paper yields estimates of the consumer and producer surplus and the size
of the fixed costs of entry. Applying a tax to Internet access reduces the quantity of broadband as
in a conventional calculation but in a few markets also pushes producer surplus below the level
necessary to incur the fixed costs of entry. In these markets diffusion is delayed and the entire
lost consumer surplus and part of the lost producer surplus become an additional deadweight loss
from the tax. The results suggest that the pre-tax consumer surplus from Broadband access is
almost $700 million per year at the time of the sample and that the dynamic deadweight loss
adjustment is more than double the conventional deadweight loss calculation. The standard
calculation of incidence also significantly understates the share borne by consumers when it
slows the introduction of new goods.
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1. Introduction
Recent work in industrid organization and macroeconomics has emphasized the importance of

new goods in the economy and the potentidly large consumer gains from such goods (see Trajtenberg,
1989; Bresnahan and Gordon, 1997; Hausman, 1997; Petrin, 1999; Nevo, 2000; Goolsbee and Petrin,
2000). The study of new goods has generally not affected the analysis of taxes or other public palicies,
however.' If the value of new goodsis especidly high and there are fixed costs associated with cregting
these new goods, taxes have mgor impacts on consumer welfare by dowing diffusion rates and this
could be an important part of evaluating such policies.

This paper examines a specific case—the vaue of broadband and the impact of taxes on
Internet access. It develops an empirica methodology for estimating the magnitude of the welfare cost
of atax that dows diffuson. Typicaly, the impact of taxesis based on the satic demand curve for the
product. Here, in addition to the conventiond welfare effect, there will be some loca markets where
the after-tax profits from serving the market do not warrant the fixed cost of entry (but would if the tax
did not exist). In those cases, the entire consumer surplus and part of the producer surplusin those
bypassed markets becomes an additiona deadweight loss from taxation.

Beyond the methodological point of incorporating the analysis of new goods into public
economics, | examine the case of broadband in particular for severd reasons. Fird, thereis
condderable interest in estimating the welfare gains from telecommunications products (see Wolak,
1996; Hausman 1997, 1998, 1999; Greenstein and Spiller, 1997) aswell as with the extent and the

gpread of Internet Access and the rise of the digital divide (Downes and Greengtein, 1998; Hoffman and

1 Exceptionsinclude the work of Romer (1994), Feenstra (1995), and Klenow and Rodriguez-Claire (1997) that consider
the impact that tariffs can have on the availability of new goods and Hausman (1998) on the welfare costs of
regulatory delay in the telecommunications industry.



Novak, 1999; Compaine, 2001). In addition to andyzing the impact of taxes on welfare, | will be able
directly estimate the vaue of broadband for consumersin the spirit of the industrid organization
literature on new goods.

Second, the issue of fixed costs in the spread of broadband and the influence of government
policy on the incentives to invest in the technology is one of the centrd issuesin the open access
controversy over whether cable companies should be required to alow other Internet Service Providers
access to their cable lines into the home (see, for example, the arguments made by Owen and Rosston,
1998).

Third, the issue of whether to gpply taxes on Internet accessis currently a subject of politica
debate. Previous to the passage of the Internet Tax Freedom Act in 1998, ten states applied sales
taxesto Internet access fees. The Tax Freedom Act placed a three year moratorium on Internet access
taxes but thisendsin 2001. Theissueislikdy to become highly charged since, as Goolshee
(forthcoming) shows, the potentid revenue from taxing accessis possibly even greater than the current
revenue loss from not enforcing sdestaxes online. Thisisthe first paper to present empirica work on
the economic impact of taxes on Internet access”?

The paper uses data on individua level demand for broadband to construct city specific demand
curves that can be used to estimate the amount of consumer surplus as well as to make a traditiona
andydgs of taxes. The results suggest that at the level of demand in late 1998/early 1999, the consumer

surplus from Broadband was about $667 million per year in markets where it was available and would

2 There has been arather substantial related literature on how peopl€’ s use of the Internet responds to prices (see,
for example, Varian, 1999, Beckart 1999, the discussionsin Mackie-Mason and Varian, 1995 or the papersin McKnight
and Bailey, 1997). Thisliterature has become less relevant for analyzing taxes on access, however, since most
Internet Service Providers (1SPs) currently charge aflat monthly fee for unlimited use.



be as high as $1 Billion if it were available in dl markets at that time. The results dso show that at
current market prices, the demand for broadband is highly eastic. A conventiond andysis of the impact
of atax on broadband indicates that the deadweight loss in this market islarge, as much as 200 percent
of the revenue generated even before the dynamic adjustment.

Cdculating the implied producer surplus before and after the tax and estimating the size of the
fixed cost of entry suggests that there are severd markets where profit would be sufficient to warrant
entry before tax but not after tax. Adding the deadweight loss from the bypassed markets (medium
gzed aress like Milwaukee and Tampa) the dynamic adjustment arising from the lost consumer surplus
in those markets is more than double the conventiond deadweight loss. The incidence of the tax isaso
quite different than in the conventiond caculation sSince it o includes the lost benefitsin the bypassed
markets. It will tend to imply the burden is borne much more heavily by consumers.

The paper proceeds in four sections. In section 2, | present an overview of the theory behind
evauating taxes on new technologies as well as the empirica gpproach for estimating such effects.
Section 3 gives adescription of the industry and the data sources | use in the study. Section 4 presents
the estimates of the city level demand curves as well as the conventiona tax andlyss of the industry.
Section 5 then uses those city level demand curves to estimate the Size of the fixed costs of entry and

provides the dynamic andysis of deadweight loss and incidence.

2. Theory and Methodology
The idea behind the approach is quite straight forward and begins with the notion that there are
fixed cogts associated with creating anew product. As described below, the spread of anew

technology like broadband requires the supplier to incur some rather substantial fixed costs of entry into



the market. Following on the idea of Romer (1994) that the true welfare cost of tariffs may be much
larger than gtatic calculations suggest because they can reduce the variety of imports, the welfare costs
of taxing Internet access may be much larger than in conventiond calculations because it may reduce the
spread of broadband coverage.

Consder the market for broadband where the suppliers (local cable monopolies) face
downward doping demand curves and charge a price in excess of margina cost asin Figure 1.

FIGURE 1

Q. Q Q

In aconventiond (datic) analyss of taxesin such amarket, imposing atax of t will reduce the
number of people interested in the new product and thiswill creste a deadweight loss that depends on
the dadticity of demand. Before taxes, the supplier will produce at the level where margind revenue is
equa to margina cost according to the familiar rule. Before the tax, the priceis Py, the quantity is Qp,
the consumer surplusisthe area ABC and the producer surplusisthe area DEFG.

If the government imposes a per-unit tax on the sdller, this raises the cost curveto MC+t. The
after tax pricerises to P, and the quantity falls. The consumer surplus after the tax isA. The producer

surplusis BD and the revenue raised isarea F. The lost consumer and producer surplusin area CEG is



the deadweight loss of thetax. Thisisaconventiond analyss of taxation under monopoly Smilar to
Sumner (1981).

Let usassumethereisadistribution of markets such asthat in figure 1 which are of different
gzes and in each of them the firm is consdering whether to enter. To do o, the firm must pay some
fixed cost F. So long as the producer surplus earned by the cable company after the tax (area BD)
exceeds F, the firm will enter that market and the DWL from taxation will be exactly as caculated in the
conventiona approach. 1If, however, area BD does not exceed F the company will not enter the
market. For these margind markets, those where DEFG > F > BD, the entire producer and consumer
aurplus are logt (although the firm does not have to pay the fixed cost). The importance of this dynamic
adjustment isadrictly empiricd matter. It depends on the eadticities of demand and the cost structure
and whether there are any markets where gpplying taxes would reduce profits sufficiently to dow or
prevent the spread of broadband.

The incidence of thetax infigure 1 is dso changed because of the dynamic element. In the
typica incidence cd culation, one computes the change in the after tax price to consumers as a share of
the total tax and usesthat as the share borne by consumers. In the case where markets are bypassed,
however, there are codts that are borne that are not proportiona to revenue. To the extent that new
goods generate large consumer surplus but only modest producer surplusin excess of the fixed codts,

the incidence will tend to be borne significantly more by consumersthan in the typicd estimate.

B. Empirica Methodology
In order to estimate the quantitiesinvolved empiricaly, one needs to have information about the

demand curves, codts, and entry. | will follow athree step gpproach. Inthefirg step, | estimate a



demand curve for broadband at the city level by aggregating data on reservation prices a the individud
level. Thisyiddsaseries of demand curvesin every city (including those where entry has not occurred
yet) that can be used for a conventional market and tax andysis—price and quantity before and after
the tax.

In the second step, | compute the producer surplus arising from each market’ s demand curve
(assuming congtant margina costs and Bertrand competition) and then use the observed entry patterns
to estimate the Sze of the implied fixed cost of entry for a Broadband provider. Thisis done by
estimating a Probit of the decision to enter on the total profits that could be earned in the market.

Then, the third step takes this estimate of the fixed cost and compares it to the before and after-
tax profits for each market in the first step to determine if any cities are on the margin meaning producer
aurplusis high enough without taxes to enter but not high enough after taxes. In those cases, the entire
consumer surplus and producer surplus in excess of the fixed costs becomes deadweight loss.

Findly, | condder the issue of tax incidence in this dynamic context and document that the true

burden is much more heavily borne by the consumer than the conventiond caculation indicates.

3. Background and Data
A. Broadband and Cable Modems

Broadband, and specificdly cable modems dlow Internet users to receive data from the Internet
over their fiber-optic cable line rather than over conventiona telephone wires. This alows the user to
access the web at speeds up to 100 times faster than standard dial-up modems. As this technology
becomes widespread, it will certainly lead to mgor changes in the information content of the Internet,

potentidly fostering the growth of online television, video-on-demand, distance learning, or many other



services that require large amounts of bandwidth. At the time of this sample broadband accounted for
only 2-3 percent of online users (Mines, et a., 1998; Strategis Group, 1999). Its growth rates are
extremely rapid, however. The subscriber bases have grown from less than 40,000 in 1996 to about
750,000 by mid-1999 and andysts forecast that by 2002 or 2003, the number of broadband users
could range between 4 million and 27 million, as high as 35 percent of tota online subscribers (Mines €.
al, 1998; Kinetic Strategies, 1999; Kasrd et al., 1999; CATC CyberLab, 2000; Gillett and Lehr,
2000).

The mgor current competitor to cable modemsis DSL, a service provided over telephone lines.
At thetime of the datal use, however, DSL availability was dmost non-exigtant for resdentid
customers (see Freed and Derfler, 1999; Gillett and Lehr, 2000). Even now, cable modems have
between 75 and 90 percent market share (Scafidi and Zohar, 2000; Strategis Group, 1999). Thisis
probably because DSL isonly available for alimited distance from a switching station (Speed decreases
very rgpidly more than 20,000 feet from the station), has primarily been targeted to small businesses,
and is, on average dower and more expensive than cable modem access. At the time of the samein this
paper, cable modems were widdly regarded as the superior consumer choice (PC Magazine, 1999) so
| will treat each broadband provider as having aloca monopoly over broadband initsarea. Thetypical
fee for broadband access through a cable modem is about $40 per month. For people not currently
subscribing to cable thisis typicaly about $20 higher.

When cable companies want to introduce cable modem service to alarge community (as
opposed to a pilot project), they typicaly must make mgor investments in upgrading the cable lines,
electronics, and head-end equipment as wdll as extensve marketing efforts and the per-customer

expenses of ingalation and the cost of the cable modems themsalves (usudly rented to the customer as



part of the monthly service, somewhat like a cable box). These potentidly large fixed costs make up the
critical issue in analyzing the impact of taxes in these markets. The cable firms must decide when to
enter various markets and the way they do this depends on how profitable they think the markets will be
compared to the fixed costs of entry (see Owen, 1999 or Carriere et a., 2000 for more detailed

discussions of the the potentia costs of entry).

C. Data sources

To make these estimates | will combine severd sources of data. Thefirgt isindividud leve
reservation price data on people s willingness to pay for broadband as given in the surveys of
Forrester’ s Technographics 1999 program. Forrester is aleading market research company who
studies the information economy and each year they conduct a survey of close to 100,000 people about
their usage of various products as well as demographic information. More detail on the Forrester
survey can be found in Bernhoff et d. (1998) or Goolsbee (2000). The precise question involved is one
that asks consumers how much they would be willing to pay (in dollars per month) for high-speed
Internet access up to 100 times faster than on conventional modems. Their answers are of the form
“Lessthan $5", “$5-$15", “$15-25", and so on up to “$65+.” | will sum these individua demand
curvesin each of thetop 70 metro areas. These answers give demand curves even for markets where
there is no broadband access yet.

These demand curves make up the heart of the andlysis and since they are not based on
transaction data, | will be very concerned with establishing whether they are reasonable estimates of the
demand curve for broadband. To check the plausibility of these demand curves | will compare the

results to independent sources of aggregate data as well asto results using the micro datain the



Forrester survey of whether people actualy have cable modemsin locations where they are available.
The results are quite conastent. For the avallability of cable modems a the time of the survey (late
1998), that are necessary for estimating the fixed cogts of entry, | use the information in PC World

(1999).

4. Demand curves & Static Tax Andysis
A. Demand for Broadband by Market

Anayzing the impact of taxes on broadband in ether the conventiond or the dynamic context
must begin with ademand curve. Using the data on reservation prices, | sum the number of
respondents in a market who say they would be willing to Sgn up for high speed access a a series of
prices ($65, $55, $45, and so on) and do this for each of the 70 most populous television marketsin
the U.S. (together accounting for about 75 percent of the tota population). | make two restrictions of
the sample. Firt, | use only people reporting reservation prices of at least $15 per month to keep
people far from the equilibrium prices from influencing the estimated shape of the estimated demand
curve. Second, | useinformation only for those people that aready report having internet access from
home. | do this both because this prevents people that have never used a dia-up modem or perhaps
have never been on the Internet from giving a vauation of fagter Internet service.

Asan example, | plot the demand curve for the San Francisco metropolitan areain Figure 2.
There are 70 such demand curves, one for each market. Price per month is on the vertical axis and the
number of respondents who would purchase broadband at that price is on the horizontal axis. Asthere
are 1,680 respondents from the Bay area and 2.4 million householdsin that market, each respondent

represents about 1410 households (Nielsen, 1999).



FIGURE 2: DEMAND CURVE FOR BROADBAND (SAN FRANCISCO AREA)
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For each of the markets, | then fit a quadratic inverse demand curve to the data. For San

Francisco, thefull results arelisted in Table 1.

TABLE 1: Estimated Demand Curvefor San Francisco

(1) 2
Dependent Variable: P Dependent Variable: In(Q)
Quantity -.2814 (.0839)

Quantity? .00044 (.00019)

Ln (Price) -3.1728 (.3330)
Congtant Term 57.152 (5.631) 15.016 (1.203)
Number Obs. 6 6

R .90 .96

Notes: The two columns give estimates of the demand curve for broadband in San Francisco as described in the text.

The coefficients for dl the cities are listed in Table 2. The R ishigh in every market. Thefirst column
ligts the caculated dadticity for the market at aprice of $40. In San Francisco, this dagticity is—2.65
and they range from —2.15 to —3.76. The second to last column of Table 2 gives the coefficient from a
log linear regression of log quantity on log price (the last column gives the R2 from that regression). In

mogt of these cases, the dadticity here isdightly higher than in the quadratic. The averageinthe



quadratic specification was around —2.75 and in the log linear was about —3.20.

A typica problem with caculating consumer surplus (i.e., integrating under the demand curve) is
the mgor influence exerted by the smal numbers of people with very high estimated vauations (see
Petrin, forthcoming). Obvioudy thisis rather extreme in the case of the log demand curve Snce thereis
no price at which quantity falsto zero. For the results below, | will use ether the quadratic specification
because it is smple and because it has a zero quantity price (it is the congtant term and is reported in the
second column of table 2) or dse the log linear curve but capping the maximum price a $65 (the highest
vaue actudly given by the respondents). The capping has no impact on the equilibrium price or the

estimated producer surplus.

B. Checking the Demand Curve

Obvioudy if demand for broadband is this price eadtic, the efficiency cost of taxing Internet
access is going to be quite high indeed. Since this demand curve is from reported willingness to pay
data rather than actud transactions, it isimportant to check whether these results seem reasonable.
There is acongderable literature in psychology and marketing about survey design and how to dicit
measures of price sengtivity (see Nagle and Holden, 1995 for an overview) and Smilar issues arisein
the discussions about contingent vauation in the environmenta economics literature (see Diamond and
Hausman, 1994; Hanemann, 1994). The literature suggests this problem is particularly pronounced for
non-market goods or for goods where people have no direct experience or information. For this
reason, these results are based on people who aready have Internet access (and can, presumably,
gppreciate the benefits of access 100 times faster than a traditional modem).

| have three pieces of evidence that suggest these results are not overly price sendtive. First



these price dadticities of broadband are in the same range as the dadticities found in the Berkeley
INDEX experiments where individuas were placed in randomized experiments and given different
prices of Internet access and their online behavior was tracked. The own price adticities of high
bandwidth were generally between —2 and -3 (Varian, 1999). Thisis not the same margin asthe onein
this paper Snce it concerns an incremental hour of use versus the discrete choice of getting broadband
but the dadticities are amilarly high.

The second piece of evidence about the reservation price data comes from looking at the take-
up ratesin places whereit is dready available (at prices between $40 and $50 per month). The
reservation price data suggest that among Internet users who live in places without cable modem access,
about 4.7% report they would be willing to pay more than $35 per month and about 2.0% report that
they would be willing to pay more than $45 per month for broadband access.  Using data from PC
World (1999) to identify mgor metropolitan areas in which cable modems were widdly available
(though often not universaly within the region), | caculate that the actud take-up rates in those areas
was about 2.2% in the Forrester data and the take-up rate among those actudly having the ability to get
access computed in other sources is somewhere between about 3 and 5% (see Kinetic Strategies, 1999
and Gillett and Lehr, 1999). This aso suggests that the reservation price datais not overly price
sengtive,

Thefina check uses the Forrester micro-data in locations where cable modems are available.
The problem with directly estimating the dadticity of demand for broadband using the observed datais
that there is not much price variation across markets to identify the effects. Instead, | explait the fact
that in most markets in the sample, cable companies offered different prices for cable subscribersthan it

did for non-subscribers. The average $40 per month price is for cable subscribers. Non-subscribers



typicaly had to pay about $60. Assuming that the decision to purchase cable is made independently of
cable modem choice (i.e., people with cable dready had it when they made the decision to get acable
modem), | can use adummy variable for whether the household has a television hooked up to cable as
an indicator of theprice. | usethelog of 40 or 60 dollars as an gpproximation, though thiswill tend to
introduce measurement error and bias the price eadticities toward zero. Table 3 presents results from
linear probability models for people who report having access to the Internet a home in markets where
cable modems are available. Thisis measured in one of two ways. Thefirg isin the question asking
whether the computer has amodem and if so what type (dropping al observations that answer variants
of “unknown”) and classifying those with cable modems asaone. The second measure uses responses
to the question asking what services the individua recaives from their cable company (one of them is
Internet access from the cable company) and classifying anyone that says they pay a monthly amount for
cable Internet service asaone.

These areindividud levd regressons that dso include the price for the individud (determined by
cable ownership), aswell as dummies for individua income, education, age, gender, race, marital status,
presence of children, years having been online, dummies for ownership of 24 other high-tech products
such as a cordless phone, apersond stereo, etc., and dummies for every televison market-state
combination (e.g., NYC market in New York state, NY C market in New Jersey, and so on).

The results show that, contralling for individud characteridtics, there is a sgnificantly increased
likelihood of having a cable modem for people with lower prices (i.e., for people that are cable
televison subscribers). The magnitudes in the first column suggest that the dadticity of broadband with
respect to the price is about —2.8. In the second the eadticity is—3.5. These dadticities at market

prices are large and are very close to the eagticities that come from the reservation price data



Each of the three tests gives results that are consistent with the willingness-to-pay dataso | will
use the survey data demand curves as being accurate representations of demand in the separate

markets.

C. Consumer Surplus and the Conventiond Tax Caculation

With no fixed cods (i.e., when every market gets served), the aggregate demand in 1998 the
entire United States would be about 922,000 households in the log linear demand curve and 1.6 million
householdsin the quadratic. Integrating under the demand curves will give the consumer surplus arisng
from access to broadband. To get the market price in the markets, | assume that the loca cable
monopoalies price in a Bertrand manner and that they have a constant margind cost. To edtimate this
cog, | note that it will be related to the market price according to the familiar mark-up rule P=MC* (-
1/h). The average adticity in markets that actudly have cable modem access at the time of the sample
is-2.75 and the average actua market price is approximately $40. ThisimpliesaMC of about $25 per
month or $300 on an annuaized flow basis. Thisisin the same bdlpark asthe actual per-customer
costs described in Owen (1999) and very close to the cost estimates in Carriere et d. (2000). 1 will
assume it to be equal across markets.

Given thismargind cost and the quadratic inverse demand curves, | can solve for the margind
revenue function in each market and set it equa to margind cost to get the quantity sold and the market
price. Inthe caculations here, the projected market prices across areas form arelativey tight band
around $39.50 per month for the quadratic demand curve. Thisis comforting given thet thereis not
much actua variation in prices of existing broadband services across markets.

The firg thing to come from the demand curve estimates is a caculation of the potentid welfare



gansto the new product. Using the estimated market prices, the producer surplus will be (P-MC)*Q
for each location and the consumer surplus will be the integra of the demand curve out to the market
quantity. To get the numbersinto understandable units, | will weight each city by the average number of
households per survey respondent (i.e., about 1220). For San Francisco, the projected priceis $40.05
and the quantity is 95,000 with the quadratic demand curve, $36.51 and 52,000 with the log linear.
Integrating under the demand curve, the consumer surplusis about $4.6 million per month in the
quadratic, $2.1 million per month in the truncated log linear (thisis where the truncation matters).
Summed across al markets the total consumer surplus adds up to about $955 million per year in the
quadratic or $448 million in the quadretic (in only those markets that currently have service, the totds
are $667 million and $313 million).

The second thing that comes from the demand curve andysisis the sandard andysis of the
projected tax on Internet access. Consider a $2 per month tax on Internet access that is paid by the
cable company, raising the margind cost from $25 to $27 per month.  Solving through the same process
as before, this would raise the average equilibrium price to $40.60 from $39.50. The share of the tax
born by consumersin different areas ranges from 50 to 60%. After the tax, the totd quantity fallsfrom
1.63 million to 1.51 million so the annud revenue raised by the tax ($24 per customer per year) is about
$36 million. With the new prices, the totd consumer surplus summed over al markets fdlsto $875
million per year and totd producer surplus fdlsto $250 million. The after tax surplusisthe sum of these
three and amounts to $1,161 million. The $64 million drop in socid surplusis the deadweight loss.
Here, the DWL of the tax is 180% of the revenue raised by the tax. Thislarge efficiency cost arises
because of the large elagticity of demand at equilibrium prices.

The other thing to come out of the standard model is a caculation of the producer surplus



arigng in the no-tax environment. This producer surplus will depend on both the sze of the market as
well asthe elagticity of demand. The largest producer surplusis New Y ork City with $23.2 million per
year in the quadratic case. The producer surplus in the median market is only about $180 thousand.
The producer surplusin each market islisted in Table 4. Matching these vaues with the decisions about

entry will yield an estimate of how big the fixed costs must be.

5. Fixed Cogs & Dynamic Andysis
A. Esimating the Size of the Fixed Cost

In the producer surplus rankings, there is a noticeable postive relationship between potentid
profit and entry (correlation of .5), condstent with afixed cost of entry. Firms have thus far been
reluctant to enter markets where profit istoo smadl. To estimate thisfixed cog, table 5 lists the results
from a probit regression of whether the metro area had generd access to cable modems at the time of
the survey as afunction of the producer surplus. Because these are assumed to be loca monopoly
providers, there are none of the key strategic adjusments to the etimation as in Bresnahan and Reiss
(1990; 1994) and Berry (1994). Instead, ameasure of the fixed cost of entering the market is smply
the congtant term divided by the coefficient on producer surplus. This measure givesthe dollar vaue
past which the probit index is greater than zero. This measure predicts about 75 percent of markets
correctly (about 5 percent of the time a market did not have access when the model predicted it would
and 20 percent of the time had access but were predicted not to). The vaue of the fixed cost is
estimated to be about $4.1 million per year for the quadratic demand case. This suggests that profit in
al but 23 marketsis not great enough at the time of the sample to warrant entry. Interestingly, the data

in Kinetic Strategies (1999) suggest that there was entry into three of the four locations where the



predicted profit would seem to justify entry but there was no broadband available at the time of the

survey.

B. Adjusting for Dynamic Deadweight Loss from Taxing New Goods

With afixed cost of $4.1 million per year, the sandard tax analysis must be modified. Firg, the
conventiond andysis will apply only in the 23 markets (together accounting for about 46% of the U.S.
population), where prdfit is high enough to judtify entry. In addition, imposing the $2 per month tax,
however, reduces the amount of producer surplusin four of the areas (Miami, Cleveland, Tampa, and
Milwaukee) such that it falls below the fixed cogt. If thistax were in place before the investment
decison (as opposed to applying the tax after the fixed cost has been incurred), the firms will bypass
this market until demand grows sufficiently thet profits will exceed the fixed cost after tax. Inthe mean
time, dl of the consumer surplus and producer surplus minus the fixed cost in these markets will become
deadweight loss from thetax. Thislost surplusis the dynamic adjustment from taxing a new technology
that must be added to the conventional calculation.

To illugtrate the magnitude such adjustments can have, note that in the 19 markets served both
before and after the imposition of the tax (where the conventiona DWL caculation is correct), the
deadweight loss from the tax is $43 million per year and the revenue is $23 million per year. The lost
consumer surplus from the four bypassed markets is $56 million and the lost producer surplus (minus
the fixed cogts) is about $14 million. Thus the dynamic deadweight |oss adjustment of $70 million
exceeds the conventiona deadweight loss by afactor of 2 (raising the total DWL from 187 percent of
revenue to 491 percent of revenue). Thiswas adso truein thelog linear case (raising it from 55 percent

of revenue to 166 percent) dthough in that case the margind cities are different than in the quadratic



case because the profit measures, demand eadticities and the size of fixed costs differ in that
specification.

Obvioudy, the upward trend in demand for broadband is likely to mean that these markets will
not be bypassed forever 0 the dynamic deadweight lossis unlikely to be permanent from these
markets. To the extert that the tax also dows the potentid pread of broadband into the smaller

markets, though, it may be that asmilar dynamic losswill exist for many years.

C. Dynamic Incidence Andysis

Given the projected dynamic deadweight |osses from taxing Broadband, the traditional concept
of incidenceisdso changed. Typicdly, the share of the tax borne by consumersis cdculated by
comparing the pre-tax to the post-tax consumer price. This gives the share of the burden borne by
consumers assuming that the division of the deadweight loss is the same as the division of the
revenue. Unfortunately, in the dynamic setting thiswill not be true. Thisis because the consumer
surplus from the new goodsis likely to exceed the producer surplus minus the fixed cost. The dynamic
deadweight loss of losing new technologies arises, dioroportionatdy, from lost consumer surplusin the
bypassed markets so the consumer burden of the tax rises.

In the case of broadband, the overadl burden of the tax calculated the convertiond way shows
that the average price before tax went from $39.50 to $40.60, suggesting that consumers pay about 55
percent of the $23 million tax revenue. The correct burden of the tax exceeds $23 million in revenue,
however since it includes the deadweight loss, too. In the dynamic setting, the total burden of taxation
on producers and consumers (equa to revenue paid plus lost consumer and producer surplus minus

fixed cogts) is $136 million. Of that $136 million, $93 million or 70 percent is borne by the consumers.



In other words, the consumer incidence is serioudy understated in the standard caculation.
Thisraises the possibility that subsidizing the expansion of broadband, say with an investment

tax credit, could generate sgnificant gainsin consumer welfare.

Concluson

This paper has developed an empirica gpproach to quantifying the deadweight loss from taxing
new technologies and applied that method to thinking about the spread of broadband Internet access.
The dynamic adjustment comes about from the lost consumer and producer surplusin markets where
suppliers delay entry because of the presence of taxation. Such markets are those where profits before
the impodition of atax exceed the fixed cost of entering but after the tax do not. This Smple point
makes amgjor difference to the results from atax on broadband. The deadweight loss of the tax triples
with the dynamic adjustment and the conventiona incidence ca culation understates the burden borne by
consumers by about 20 percent. Given the importance attached to new goods in the work in industria
organization and macro-economics, the findings in this paper suggest that taking into account the impact
of taxes on innovation and technology may be fundamentd for understanding the role of government

policy in the new economy.
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TABLE 2: DEMAND ESTIMATES BY MARKET
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TABLE 3: LINEAR PROBABILITY REGRESSIONS OF
THE LIKELIHOOD OF HAVING BROADBAND

Cable Modem Internet fr/Cable
In (p) -.0378 (.0064) -.1097 (.0086)
Dummies Own 24 goods Own 24 goods
Yearsonline Yearsonline
Income Income
Education Education
Race Race
Gender Gender
Age Age
Kids Kids
Metro Area-State Metro-Area State
n 12,673 14,665
R2 .03 .05
Edtimated Price Eladticity -2.78 -3.50

Notes. Each regression isalinear probability modd where the dependent variableisa{0,1} variable for
whether the individua has Broadband Internet access at home. The price varigble is $40 per month for
people without cable television a home and $60 per month for people without. There are dummies for
other control variables aslisted in each column.
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TABLE 4: PRODUCER SURPLUS BY MARKET
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TABLE 5. PROBIT OF MARKET ENTRY AT THE METRO AREA LEVEL

Congtant
Producer Surplus
n

Implied Fixed Cost

-.8394 (.2623)
.0030 (.0009)
69

$4.1 Million per market

Note: The dependent variableisa 1 if the datain PC World (1999) indicates the metro area had cable

modem access a the time of this sample.

TABLE 6: MARGINAL MARKETSAND DYNAMIC LOSSES

Metro Area Pre-Tax PS Post-Tax PS Pre-Tax CS
Miami 4.4m 3.9m 13.8m
Clevdand 4.4m 3.8m 14.5m
Tampa 4.3m 3.7m 13.9m
Milwaukee 4.3m 3.7m 13.5m

Notes: Author’s caculations using the quadratic demand curves. These are the markets where the
producer surplus exceeds the fixed cost before the tax but does not after the tax.
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