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Abstract:

The constant increase of households’ bandwidthuoopson reveals the need of an
ultra broadband infrastructure. Furthermore, widely accepted that such
infrastructure will improve economic growth and dayment. However, the cost of
such a roll out is high and the households’ ratadufption is uncertain. Therefore
operators hesitate to invest massively. In suobnéext, public intervention could
help rollout.

But what exactly is the most efficient form of intention and to what degree is
each form most appropriate. This paper studiesermpecifically, subsidy strategies:
Subsidizing the demand by a contribution to eaalsbbold’s subscription fee for a
predetermined amount of time (a refund, a tax augubsidizing the infrastructure by
means of a contribution to operators’ infrastruetcosts? In this paper, we explain
that subsidizing the demand is more efficient, aifare terms, than infrastructure
subsidies as long as the consumers’ demand far lmtradband remains elastic
enough and that the decrease in costs is dynaraigyérto allow private operators to
extend the roll out of the infrastructure fast egltowithout subsidies.

1 Introduction

Public policies to promote broadband are quiterdified. There is a wide range of
alternatives and many papers have studied th&ctsffrom either a theoretical or an
empirical point of view. (Leighton 2001), (Gilledt al. 2004), as well as (Cava-
Ferreruela & Alabau-Munoz 2006) have drawn up anaxy of public strategies
according to the level of public authorities inveiwent; from the lightest ones, where
public authorities settle to create the approprateditions for market development,
to the heaviest ones where they invest directfyuiblicly owned network
infrastructures,(Jeanjean 2010). These strategebsde actions from both the supply
side and demand side.

The light-intervention strategy actions on the sypde usually consist of regulatory
rules in order to foster competition or to redueeriers to entry (unbundling policies)
or to reform ordinances that affect road and bagdionstruction codes, technologies
standards or cable pulling. The soft-interventiategies on the demand side



consists of educating the population in the useesf technologies, the promotion of
broadband applications and access for public utgirts.

Subsidies are a type of medium-intervention stratébey generally have been used
in geographic areas where broadband services awvaitable because there is a lack
of infrastructure. The high fixed-costs of the astructure deter the investments in
scarcely populated area where revenues are too low.

Several analysis have highlighted the positiveatitd both suppy-side and demand-
side promotion, (Cava-Ferreruela & Alabau-Munoz@0ind (Atkinson et al. 2008)
Empirical evidence, (Goolsbee 2003), (Wallsten 2008&s shown, that, in unserved
areas, supply-side subsidies had a positive ingpatroadband penetration.
(Goolsbee 2003) has compared the supply-side sabsidunserved areas with
demand-side subsidies in already served areaslér to improve the broadband
penetration rate in the USA. He found that demadd-subsidies had a better impact
on penetration than supply-side subsidies but Vesecost effective. The low cost
effectiveness of demand-side subsidies arises tinenfact that the action is limited to
already served zones. However, if we considerritiestment incentive for telcos in
unserved areas induced by the increase of consuwibirsgness to pay, the action
can become cost effective. This paper studiesdhditions in which such subsidies
are cost effective and when they are more costtefeethan supply-side subsidies, in
sections 3 and 5.

Indeed, operators invest in areas that are prddit#ts dense areas are more
profitable than rural ones, dense areas will beeskfirst. If we consider geographic
density as a continuum, there is a point whereaipes stop investing because it is no
longer profitable (Valletti et al. 2002), (G\otz@). This break-even point depends
on the one hand, on the infrastructure costs, wigict to decrease over time thanks
to learning and demand effects, allowing less dansas to become profitable over
time, and on the other hand, it also depends oratieeof network expansion, use
development and overall network effects . Becaossumer subsidies encourage
households to spend more on the services propgsepdrators, the business plans of
the latter are improved; subsidies given to inth&epublic demand allow areas that
would not have been served at one point of tinteetlme profitable sooner than
they would have been without subsidies.

This stimulates operators to invest earlier in éhaeas. Consumer subsidies serve
as a catalyst for investments which acceleraténtin@structure rollout. However, the
effectiveness of consumer subsidies depends omugwrs’ demand for ultra
broadband. The more elastic it is, the more conssineact affirmatively to subsidies
and the more operators are stimulated to inveieear

But subsidies should not last forever; they jugtch® last long enough to be an
incentive for operators. That is to say that thHeyud last at least as long as the
duration of the roll out without subsidies would/bdasted. In such a case, operators
are certain that their anticipated investments béllprofitable in the long run.

Subsidizing infrastructure boils down to a decraasefrastructure costs for the
investors which, just like consumer subsidies vadl@an anticipation of investment in
the areas that otherwise would not have been satvibat time. In this case,
however, subsidies are sunk costs, they are spleeit. effect is expected to last over
the duration of the investment lifetime and it &g possible to recover them once they
have been spent. Conversely, the duration of coassuabsidies does not necessarily
need to last so long. They should not last anydotigan the time to be incentive
enough for operators. If this time is shorter tHaminfrastructure lifetime, consumer



subsidies will prove more efficient over time.Hfhwever it is longer, then
infrastructure subsidies will prove to be moreéint.

Dense areas would tend to be served before ruesl. dine impact of an
investment on consumer demand is higher in deresesaand a slight decrease in
infrastructure costs allows a greater coveragesas®, therefore the time that
consumer subsidies should last, to remain a seffiancentive, is shorter. The
minimum efficient duration of consumer subsidies@ases with infrastructure costs
and likewise decreases with the density of the [ajon. That is why consumer
subsidies are more efficient at the beginning efrthil out in dense areas. Conversely,
in rural areas, the duration of consumer subsidi#dave to be longer and perhaps
indefinite. In which case the infrastructure sukesdvill be more efficient in the long
run.

This paper compares the welfare provided by thefomms of subsidies and
concludes that if the time required to subsidizzedamand is shorter than the
infrastructure lifetime, then consumer subsidiesraore efficient than infrastructure
subsidies.

The paper takes into account only the direct edfegplained above, but not the
indirect effects such as network externalitieshmovation spillovers, which improve
the case for consumer subsidies.

This paper consists of seven sections. The fistasntroduction, the second is a
basic model for pricing and coverage constraihis third is the detailed mechanism
of consumer subsidies, the fourth is the detailedmanism of infrastructure
subsidies, the fifth is a comparison of the tweetypf subsidies and the conditions
where each is more efficient. The sixth is a nuoapplication with the case of an
average-size country as an example, with an agpm@ishe infrastructure costs and
population spread. The seventh is the conclusioim same recommendations and
relevant policy implications. Both policy instruntenconsumer-side and supply-side
subsidies have been employed for broadband m@akez 2009) when the market
was already matured, these experiments often egsultpreferring the supply side.
(Leighton 2001) advised against resorting to swtsislies but that was in 2001 and
in a context of an already built network “The wimser which broadband service can
be transmitted are already in place-owned by telephcable, and even electricity
providers”, since then, the context has changed. &1 the present context, (Atkinson
et al. 2008), however, recommend consumer-subdigieagh an exemption of
broadband access from federal, state and locad iaxader to encourage the growth
of consumer demand. However, this paper showsritae case of an emerging
market, to consumer side can be very relevant.

2 The basic model

The firms are in competition for the ultra broadibaervices provided by the NGA
infrastructure.

The coverage of an area with the NGA infrastructanesists of delivering an ultra
broadband outlet in each household, but the sem#tallation of the outlet and the
terminal supply are not included.

The infrastructure co$tdepends on the density of the population

The cost of the outle€,« is the infrastructure cost for each household ce/dxy

the infrastructure. Let us assume thé the total number of households covered and
Sthe surface of the area.
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_ f(d) _ f(d)
Coutlet_ N - ds

Let us also assume thd},  is strictly convex and decreaseglinThe denser the

area, the less expensive it is to connect eacbkto(if f (d) is constant, thef,« is
convex and decreases in d. In fact, as certainrezapstudy show it, see chapter 6,

f (d) is not completely constant, but its variations arfficiently weak so tha€,«
remains convex and still decreases.in

A firm decides to invest in an area if its profithigher than its fixed costs. According
to the density of the population there can be tbheses:

1) No firm decides to invest. The area is not ceder

2) Only one firm decides to invest and has the moho

3) More than one firm decides to invest and a cditipe market is created. For
simplification purposes, we will limit our study tbe case of a duopoly.

We will consider a two-stage game: first, the firoch®ose the areas they plan to
invest according to the density of the population.

Second, the firms compete in price (Bertrand)

2.1 The demand

The utility function that we have chosen to adspquadratic and strictly concave
(Singh & Vives 1984), (Go6tz 2009), (Valletti et 2D02)

- (o +20q0, +q;)
2

U (., 0,) =a(g, +a,

g,and g, are respectively the probability that a househaltsubscribe to firm 1 or

firm 2's ultrabroadband services. We assume that Bausehold can not choose to
subscribe to both firms’ services gp+q, <1. aando are positive coefficientsais

the maximum willingness to pay for ultrabroadbaed/ees ando is the coefficient
of product differentiatiow [ [0,1]. Wheno =1 then the services of the two firms are

complete substitutes and when=  tlen they are completely independent.

We assume here that both firms propose servicas efjuivalent level of quality for
consumers. Consumers have the same willingnesayta for the services of the two
firms.

The representative consumer aims to maximize

U (q11q2) —0.p— 0,0,

p,andp, are the prices of ultrabroadband services providepectively by firm 1
and firm 2



This gives rise to a linear demand structure, is#elemands are represented by:

pp=a-q-0q,
p,=a-Qg,-0q,

We can write direct demand as follows:
al-o)-ptop,

ql( pl’ p2) = 1_0_2
— a( U) —Pptop
q2(p1’ p2) 1_0_2

The quantities of subscriptiong and y, respectively for firm 1 and firm 2 in the
area are given by, =g,n andy, =Q,n

Let us assume that the two firms have the sameinagpstsc. Therefore the firms’
profits are respectively:

a(l-o)—-p +o
(P, py) = n 2D REIR ( _
a(l-o)—-p,+to
772([31, p2)=n ( )_ p§ pl(pz_c)

1

As the firms are symmetric, the non cooperativehliNaguilibrium leads them to set
the same price

a(l-o)+c

pEp=p=—

(a-c)
(2-0)1+0)
(2-0)@+0)

Andthen =0, =Q = with g, +Q, <1. This gives rise to the

following condition:a < C+

and the quantities are:

(a-c)dS
2-o0)@1+0)

Yi=Y,=y=Qqn=

2.2 Decision to invest:

Firms’ profit depends on both the dengitgnd ond . It can be rewritten
accordingly: 71,(d,o0) = n,(d,o0) = n(d, o)
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md, o) = (p(@) ) q(d,a)n =39 4 5y
2-0)

Firms invest in the area if their profit is higtiean the cost price of infrastructure.
Cost price of infrastructure is the fixed costs aojed by an amortization coefficient

0

which is for a fully amortizing payment=—————
y g pay 1- 1+ p)"

whenpis the depreciation

rate andr the infrastructure life time.
We have chosen the fully amortizing payment in otdéhave a constant
coefficientr independent of time.

The coverage is at a maximum under monopoly, (G009)
7n(d,o)= f(d)7 or

f(d)r
(-9 =c,, @7

This leads to a condition 0@, (d)

2
a-c 1-o0
Coutlet(d)T < (2_0_) (14_ 0_)

Let us assume that the minimum density the firmazarer isd . d is such that

_(a-c (1-0
Coutlet(g)r _(2_0_] (14‘ 0_)

, a-c\(1-o _
C,uie decreases id and o) \1r0 decreases iw , therefore,d(0)

increases ing . For simplification purposes, we will no@(o) =d . d is ata
(a-c)*
ar

minimum whend = 0, in the case of a monopol@,« (do) = and it is at

a maximum wherg =1, C,,,(d;) =0

The coverage is at a maximum under monopoly, (G009)

Let us assume that the density of a country rafrgersa the highest tad the

Iowest.azgJ >d,>d

Market structure depends dn

In the areas wherd, > d >d, there is no investment, the density is too lowntke
the investment profitable, and so there is no siftecture. In the areas where

d >d>d,, amonopoly is the only structure that can beitable. In the areas



whered > d > d_, competition is possible, the density of the pafiah is high
enough to make the investments profitable for se\fams.

The willingness to pay helps investment whereas marginal cost@gters it.

The graph below (fig.1) illustrates the differeneéas in a country that are covered by
a competition market structure or by a monopolyeading to the density of the
population. As we assume the coverage starts fn@ndénsest areas to the least
dense, the households are ranked according todéesity, from highest to lowest.

a-c
In the case of a monopoly,, —c = 5

_ (a-c)1-o0) La-c
2-0 2
p,,and p,are respectively the monopoly and the competitarises.

In the case of competition, with # 0 p, —c¢

Coutlet /
P —C
P.—C
competition monopoly No investment R
g (High density+) d_ d, d (Low density-)
Households ranked according to decreasing population density
(fig.1)

3 Consumer subsidies

Consumer subsidies s consist of complementingdhsuwmer’s increased willingness
to paya for a limited amount of time(i.e. via refunds or a tax cut). The
complemented willingness to pay become=a+s.

C,ue iNcreases witta, the willingness to pay. Therefo, decreases i@. The
growth of the willingness to pay reduces the mimmdensityd , and d,, and at the



same time, both monopoly and competition priceseia®e, which therefore allows
operators to invest in a larger area.

BecauseC,« iS convex, the competition area grows faster tharmonopoly area .

The graph below (fig.2) illustrates the growth loé tareas covered by a monopolistic
or a competitive market structure.

outlet "

Prices rise
Competition area enlargement

N A / ______ v

F7
Pe = Choeememre e : ,
| —
No investment
g (High density+) d,— ds, dg*ds, d (Low density-)
Households ranked according to decreasing population density

(fig.2)

How does the penetration rate evolve when themniliess to pay increases?
Two factors have a conclusive impact on the efficieof the consumer subsidies
efficiency: The improvement of the investment coiodis over time (infrastructure
costs decrease and/or ultrabroadband adoptionaisesg and price elasticity.

3.1 Improvement of the investment conditions over time:

Apart from subsidies, investment conditions improver time. Infrastructure costs

and operating costs as well as the household amtogte for ultrabroadband evolve
and tend to improve due to technical progress andces developments: the skills
development of technical staff and the bandwididseof households increase.

The drawback of encouraging consumers is that ieeakvays a time limit to the
funding. When consumer encouragement comes to@rhaconsumer’s willingness
to pay is abruptly deterred, and, if the marketatibn has not been evolving , it will
revert back to its previous level. Firms will ortke into account the consumer
stimulation in their investment decision if the siglies last long enough to allow time
for investment conditions to improve substantialhlysuch a case, when the consumer

Monqgpoly area enlargement



stimulation abruptly comes to a halt, willingnesgay is nonetheless deterred,;
however, its level will be sufficient to cover thievestments. The duration of the
consumer subsidies is crucial. It has to be cleamlyounced ahead of time because
firms need this information to plan their investrnesadmap.

The longer the duration last, the more efficiems,iihowever, the subsidies will be
more costly. Therefore, it is crucial to determihe most cost effective duration of
time dependent on the improvement of the investroenditions. If the duration is
too short, there will not be enough incentive towlfirms to invest. If it is too long,
the incentive will be sufficient however the amoohthe subsidies will be
prohibitive. In fact, the investment conditions Mihprove faster when the optimal
duration is shorter and the amount of subsidiéswer.

Let us assume that the cost of an outlet decreasdime.C,, (t,d) is the cost of
an outlet at timé while the density is d, as a result of learninglbing effect and of
technical progress.

Let us assume that the costs decrease regulanytioweby a ratio ofJD[O;L] such
that Cy e (t,d) = Coer (0,d) (1~ 5)t

Let us assume that the consumer subsidies begim @&t The minimum density area
is covered by the monopoly with the densﬂiywhich confirms:

(a-o)°
Coue (0,d,) =——
‘outlet ( _O) 42_
Consumer subsidies increase the maximum willingteepay fromato a., the
minimum density area covered decreases fehyto ds, and ds, confirms:

Coutlet (O’ d_SO) = %

The duration of the consumer subsidies must la} émough to allow the cost of an
outlet the time to decrease enough to reach thsitgéls, . The minimum duration
must confirm:

Coutlet (Ld_SO) = Coutlet (O’QO)
Which means:

(as4_c)2 (1_5)§ — (a_c)2
T 4

4

And so,




The minimum duratiort increases irf and decreases id . The faster the costs

decrease, the shorter the minimum duration wilMde.can even wriﬂ?'qg =0;

whereas, if costs do not decreaissed; = +oo0 the minimum duration will last forever.

-

3.2 Cost of consumer subsidies

The total cost of the subsidies depends on theidarand the number of households
impacted.

The number of households impacted depends on sh&bdition of the population in a
country.

Let us assume that the distribution is definedhgydensity contingent on the surface
area of the country(S {fig.3 page 10). We assume the coverage of thetopu

begins with the high density areas and ends wehadWw density areas. If S=0
represents the highest density area ar8i=fS_, the total country surface,

represents the lowest density area.
The population covered at S is:

untry ?

dn=d(S)dS
The maximum density area i, thend(0) =d and the minimum density covered is

covered by the monopolg, for a covered are&n then d(S_m) =d,
Therefore the number of households covered is:

Sm
n:jd(S)ds

The number of subscribers depends on the limit batviee monopoly area and the
competition area. This limit is the densdy, for a covered are&.andd(S,) =d,

S Sn
y=q,[d(S)dS+q, [d(S)dS
0 S

g.and g, represent respectively the adoption rates in cditigpeand monopoly
areas
2(a-c) a a-c6

S ——————— ndg, =——
(2-0)(1+0) 2

The consumer subsidies increase the adoption rétefdmocompetition and for
monopoly. The adoption rate becomes:

2(a,-c)

O =—— 51— with the subsidies
2-o0)@+0)

_8-C
and =—
O 5

Let us assume the consumer subsidies are offetgdmtine newcomers for the
durationt, we suppose that all the newcomers take advawoftaye consumer

subsidies.
The number of newcomers created by the consumeidsedhss y,

10



S Spe S Sp
Y, = 0 [d(S)dS+q,, [d(S)dS~q, [d(S)dS~q, [d(S)dS
0 S 0 S

Scand S represent the areas covered, respectively, indh®etition and monopoly
areas without subsidies; aBd, Smws the areas covered with subsidies (fig.4 p11).

_a-c  _a-c _ 2(@-c - _ 2(a-0
I =y e = e T T ar o) T 2= o)A+ 0)

Ss, Sms, G, andqincrease im,, thereforey, increases ira, too.

The graph below (fig.3) illustrates a country’s dgndistribution.

A

d

Number of households covered |:|

Q|

Number of subscribers (competition area) l:l

\ Number of subscribers (monopoly area) [ ]

d,

NN

q 20
=0

ds,
Pty \

~— d(s)

»
»

Total country surface area

e

S S S,

The cost of demand subsidy for public authoritie€is y, (a, — a)t,.
Whent, <t, operators limit their investments to the areat aidensity higher than

glim >g0
d,., is such that
(8m —©)*
Cc d _ ="im 7
outlet (_Ilm) 42_

This densityd,,, corresponds to the value of willingness to jggy < a, such that

By = (1—5)’% (a-c)+c

11
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This leads to a less extensive coverage and a lowaber of subscribesg,, than
that which could be expected with the subsidigs.< y;.

This duration is not optimal because the level albsgribersy,, could have been
reached with a lower amount of subsidies, one wbarhesponded to the subscribers
willingness to paya,, .

While t, >t the duration is enough to encourage companies/&st and reach the
number of newcomerg ; however, all time beyont will be useless because it will
not allow companies to excegd

Therefore, the optimal duration for the consumeisglies ist, =t

The graph below illustrates the distribution of tresvcomers (fig.4)

A
d
Newcomers in the competitor's area [[[[T[l]
d Newcomers in the monopoly area B3
Subscribers turnover from the I:I
""“ monopoly to the competitor's area
d,
d_Sa | uulm]l
d,
ds, LS
| = d(S)
= o o Total country surface area
S S Sy S

(fig.4)

4 |Infrastructure subsidies

Infrastructure subsidies refer to the proportioof infrastructure costs granted in aid
to an operator in order to improve its coverage.

Subsidies lower the costs that companies havey@pa encourage them to increase
their coverage (fig.5).

Costs are shared between public authorities angbanims. Cost of an outlet inda
density area becomes,,,(d) @—a f9r a company and, . (d)a for public

authorities.
Thereforedi,, the lowest population density that a companyamarer with a subsidy

of proportiona, is located in the monopoly area.

12



di,is such that, . (di,) 1 - a) = Cyye (do)
The competitor’s area is also extended fobyto di,, such that:
Coutlet (Qa) (1_ 0’) = Coutlet (ga)

Coutlet
Pm—C
P, —C
(High density+) d— di, d, di, (Low density-)

Households ranked according to decreasing population density
(fig.5)

The subsidies allow the enlargement both of the aditign and the monopoly area.
The number of newcomers created by the infrastradubsidies is

S Sy
Y, = (0, = d,) [d(S)dS+q, [d(S)dS
S Sn

S, Sm are the areas covered with infrastructure subsidig.6).
The cost of infrastructure subsidies is the sumldfauseholds covered thanks to the
subsidies:

C = Tcom.a(d(S))d(S) ds+sfcom.a(d(8))d(8) ds |a
S S

13



Newcomers in competition area  [[[[IIlI

d Newcomers in monopoly area B
Subscribers changing over from I:I
monopoly to competition area

d

TN
N

di, 11]]”1

T ——_ d(S)

M

S S

C ci

Sm Sm Total country surface area
i

(fig.6)

We can notice that the number of subscribers reafdrean equal density is higher
with the consumer subsidies because they incrbéasadoption rate q both for
competition and for monopoly area (comparison betwigg.4 and fig.6).

There is a great difference between consumer anasinficture subsidies for the
authorities that grant them. While the former havenited duration, the latter are
tied up for the entire infrastructure lifetime T i is usually quite long, about 20 or
30 years. This means that when the duration of coassubsidies, is shorter than T

then they will be borne less time than infrastroetsubsidies.

5 Comparison

Infrastructure subsidies are spent over a longgdesf time and consumer subsidies
are spent little by little. The amount of the fornmezludes the amortization of capital
costs while the amount of the latter does not.

5.1 Coverage

We will compare both types of subsidies: When th@samer and infrastructure

subsidies cover the same surface area of the gowititr the same population density.

di, =ds,
In such a casecr, ., (di,)(1—a) =C,uu (dS,) - a) = C e (dy)

And therefore we can deduce that there is a reldtgween the infrastructure
subsidizing rate and the increase of willingness to pay.

14
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2
azl—(a Cj
a,—cC

aincreasesin,. If a,=a ,a=0andlima =1
as_.oo

Let us notice that ili, = ds, thendi, =ds,, i.e, the size of both zones (the
competitor and the monopoly) remains equivaleetspective of the type of subsidy.

(see proof in the annexes)
However, the number of subscribers is higher withstimer subsidies than with

infrastructure subsidies because the adoptionisdtetter.

5.2 Cost per newcomer

In this part, we will compare the cost of the sdies per newcomer, in the two types
of subsidies.

: . C,_C :
For high values of,, we can write— >—and for low values o, we can write

ys yi
C, _C o .
— <—L as we can notice in (fig.7) (see proof in the xesg
Ys Y
Cost/Newcomer
Infrastructure subsidies
I Ci
Yi
///’ Consumer subsidies
”,I[
I
I
!
a (fig.7) ag %

The cost of consumer subsidies increases in two veaythe one hand, with the
amount of the subsidy and on the other hand bedhaseecessary duration increases
too. That is the reason why the consumer subsidyeasrconvex. The cost of the
infrastructure subsidies increases quickly for i@lues ofa, because increases

quickly and then it slows down for higher valuesagbecause the growth af slows

down. That is why the infrastructure subsidy cusreancave.
Therefore where the paths of the two curves crbssetis a cross value af = a;.

So for the values o lower than the cross valua, < a; , the cost per newcomer is

15



lower with consumer subsidies; for the valuesiphigher than the crossing value,

a, > a_, the cost per newcomer is lower with infrastruetsubsidies.

The amount of consumer subsidies should not go lokffanservice price, this sets a
limit on the level ofa,.

a,—asp;a<(2-o)a+c

If this limit is under the cross valu€2 — o) a + ¢ < a_consumer subsidies remain the
most efficient means for the coverage.

We can observe (fig.4) that consumer subsidiestiead increase of newcomers both
in the newly covered area and in the formerly ceslearea. We must not forget that
even if the newcomers in the formerly covered a@aot contribute to enlarge the
coverage, they truly contribute to improve consusmgplus and welfare. That's why

the results concerning consumer surplus and weligeove consumer subsidy
advantages.

5.3 Consumer surplus and Welfare

In the previous paragraph we compared the coste@comer regarding consumer
and infrastructure subsidies. We will now compéaeeihcrease of Consumer Surplus
and Welfare resulting from the subsidies for thmedevel of coverage.

There is a value & =a_ beyond which it is advantageous to opt for infuasture
subsidies and below which it is advantageous tdarpgtonsumer subsidies (fig.8).
But this value ofa_ is higher than the one for the cost per newcomgr; a;

because consumer subsidies generate newcomersinat the newly covered areas,
but also in the formerly covered areas, and thesgomers improve Consumer
Surplus and Welfare.

If a, <a_ then AC\:NS > % and ifa, > a_ then% <% (see proof in the annexes)

S 1 S 1

AW
Cc
Consumer subsidies
|
\
A
|\
\‘\\\ Infrastructure subsidies
\\\\\“‘
\j\ T~ AW,
- B
AW,
CS
A a, a, &
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5.4 Dynamic of the model

The purpose of the subsidies is to accelerate thid bliverage of an area (region,
country). The dynamic of the coverage in this masiéhe decrease in costs which
turn non profitable areas into profitable ones #retefore encourage operators to
invest. Subsidies act like a catalyst which impsogeofitability, stimulates and
eventually anticipates private investment in armalteis also possible to determine
the amount of time it would have taken for the dacebe covered without any
subsidies. { for consumer subsidies).

Depending on the amount of time the public autiesihope to save when they
anticipate the amount of time it will take to coviee area, they will choose the

amount of the subsidies . If a, >a_ then they should opt for infrastructure

subsidies and if, < a_ then they should opt for consumer subsidies tdhbartost

cost effective regarding Welfare.

However, each year, market conditions change. dkeaf an outlet for a given area
decreases, and marginal costs may decrease aghislleads to an increase of the
ratio Welfare/cost both for consumer and infradtrtes subsidies, but this effect

favours infrastructure subsidies even more. Theeefy decreases and may even fall
below a, the value of the chosen subsidies. In the begghphases of coverage,

when a, <a_ , what may be most apt to happen, because cost® &igh, it may
seem wiser to choose consumer subsidies. Howéwar could become less efficient
than infrastructure subsidies at any timejfbecomes too low.

In order to formulate a judicious opinion on thepective efficiency of the two
subsidy models, a realistic example is essential.

6 Example: a numerical case of an average country

Imagine a country with 10 million households. Thigdstructure costs and the
distribution of the population given in chart 1 d&&| come from the Idate study
(Pouillot et al. 2009).

The population is distributed into seven zones witferent densities as follows:

Highly Wide area High rise Medium Residential [Concentrated| Wide area
Type of zone concentrated| concentrated - Total country
suburban |density urban| suburban rural rural

urban urban
Percentage of the 5% 5% 25% 5% 40% 10% 10% 100%
population
average number of 22 2.2 28 2.2 28 25 25 2.65
people per household
Number of inhabitants 131 131 6.57 131 10.52 2.63 2.63 26.29
(million)
Number of households 06 0.6 2.35 0.6 3.76 1.05 1.05 10.00
million)
Average population 20 000 5000 5000 2500 2500 1000 500 3775
density (per km?)
Average households 9091 2273 1786 1136 803 400 200 1565
density (per km?)
Surface (km?) 66 329 1643 2169 6376 9005 14 264 14 264

(chart.1)
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We can formulate the relation between the densitithe surface. This relation can

be formulated as a function in the form df.S) = A S™

Where A and B are constant positive parameters.
The graph below (fig.9) illustrates this relatiordats parametrical estimation.

Distribution of the population

10000
A

8000 1

6000 l

4000 ~

0

2000 fg

————————

Density (households/km?)

0

5000

10000

Surface (km?)

15000

—e— Tech-eco study

estimation

parametrical
estimation

(fig.9)

We have chose’, =115078&ndB, =0.6119in the figure above for the

parametrical estimation. The coefficient of determion R = 0. 9132demonstrates
that the parametrical model is relevant.

The cost of an outlet using the GPON 32 technolageterred to in the Idate study
in chart.2. (the details of the chart are explaimetthe annexe)

Highly Wide area High rise Medium Residential [Concentrated| Wide area
Type of zone concentrated| concentrated -
suburban |density urban| suburban rural rural

urban urban
cost of outlet (€) 274 502 450 701 1635 1875 2 895
Service installation and 450 450 450 450 450 450 450
terminal supply (€)

(chart.2)

We can formulate the relation between the costthadurface area covered. This

relation can be formulated as a linear functiog, (S) = A, S+ B,. (fig.10)
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Cost of an outlet
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(fig.10)

We have choser, = 0.182andB, = 310.25or the parametrical estimation, the

coefficient of determinatioR? = 0. 9868hows that the parametrical model is
relevant.

We check that,,, (d i convex and decreases in d (fig.11) like it dicated in
chapter 2.

Cost of an outlet

3500
3000
2500 ‘
2000 -
1500 -
1000
500 - \—‘\v_ .
0 ‘ ‘ ‘ ‘

0 2000 4000 6000 8000 10000

Density (household per km?)

(fig.11)

We will represent the evolution of the coveragevéred surface) over time in
different cases.

In each case, we will compare, on the one handartieunt of the subsidies generated
by consumer subsidies and, on the other hand,flastructure subsidies for the same
covered surface covered.

The infrastructure costs decrease by a réatol %
Let us assume the marginal cost is composex) p& portion which is constant, and

c,(t) =c, (0)(1-6)', a portion which decreases over tings; ¢, +C; .
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The constant portion corresponds to the acquisgtrmhadministrative costs that we
will suppose are constant and the one which deeseager time due to technical
progresd corresponds to service installation and suppiyrefterminal.

As an examplec, =12 € =13(1-6)'and6=10%

Therefore at =0;c =25 €

The coefficientr =0. 176
The substitutability coefficienr = 0ja the competition area.

The details concerning the origin of the valueshefparameters can be found in the
annexe.

Let us assume that the covered surface areaas n# O, therefore the cost of an
outlet isc,,, = B, and therefore the willingness to pay= ./4B,r +c =3990€.
This value ofawill generatep,, = 3245 €orresponding to the price the monopoly
will set.

At the end of the period, the ultra broadband woNer less than 50 % of the total
surface area and about 60% of the population.

Scenario 1 : slow coverage= ; the amount of subsidies, —a=2 er
newcomer. The graph below illustrates the coverageeénario 1 (fig.12)

Coverage with subsidies

2 years duration | ——Coverage without
subsidies

Expected coverage
with subsidies

—»— Effective coverage with
subsidies

country coverage

(fig.12)

In the first four years of the roll out, a 2-yearipd of subsidies,, is long enough,

but becomes too short in the fifth one.

From this moment on, the effective coverage, (graye), with the subsidy of
2€/month per newcomer, falls below the expecteaiamye (white curve). The
duration becomes lower than optim&l:<t . The operators will invest less than

expected because the coverage without subsidiesk(blurve) will taket which is

longer the 2-year period of subsidies, to reactstimee coverage. Therefore if the
operators had invested as expected, with the debstdncelled after only two years,
this would have led to a fall in the demand as &xplained in paragraph 3.3.
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The cost of the subsidies is clearly lower for consusubsidies as we can notice in
the following graphs (fig.13) and (fig.14):

Cost of subsidies

300
250

Rise of competition

200 A
M Infrastructure subsidies
M€ 150 A .
O Consumer subsidies

100
50 &
0 Jl]vljrl]vl]rﬂv‘ﬂfufur"r"r"r"r"r"r“v‘rﬂv‘r“r“r“r“r“r‘v—v—ﬁ—rr‘

SR A S D e e Db P

Years

(fig.13)

Running total costs of subsidies
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200
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Consumer subsidies
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(fig.14)

However, it is apparent that from the fifth yeamands, the cost of consumer
subsidies increases faster than infrastructuradielss From that time on, the actual
coverage slows down, therefore infrastructure slibsidecrease heavily. In contrast,
consumer subsidies remain high but their efficieisagduced by the insufficient
duration.

As of the fifth year, the infrastructure subsidaggpear to be cheaper, or else it will be
necessary to increase the duration.

Scenario 2 : alonger duratiofn:= ; the amount of subsidiesa, —a=2 ger
newcomer. The graph below illustrates the coverageénario 2 (fig.15)
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Coverage with subsidies
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(fig.15)

In this scenario, an increase in the duration efdhbsidies allows the maintenance of
the the expected coverage for 15 years. Howeverdhkt of consumer subsidies will
increase dramatically. In particular, during thstfiyears, the duration is too long

t, >t and therefore consumer subsidy costs are toonekmefor the results attained.

The ideal duration for the subsidiestis=t, but becausé¢ increases over time, and it

is difficult to constantly chandeg, the duration. However it could be a good idea to

readjust it regularly.
The subsidy costs are illustrated in the followiwg graphs (fig.16) and (fig.17):

Cost of subsidies
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(fig.16)

Running total costs of subsidies
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In the first five years, in spite of the long duwat consumer subsidies remain clearly
cheaper than infrastructure subsidies. The totdlafosubsidies is higher than in
scenario 1.

Scenario 3 : quick and expensive coverage ; thé® amount of subsidies
a, —a=5€ per newcomer.

The graph below illustrates the coverage in scerfa(fm.18)
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(fig.18)

In the first year of the subsidies, the coveragehes about 1600 km2 more than 10 %
of the country’s surface area . This representsnlllion households for

infrastructure subsidies and about 2 million fong@mer subsidies.

The 10-year period of subsidies is long but the isiytmmount, 5€/month, is also high
and eventually it is not sufficient after the nirytar.

The subsidy costs are illustrated in the two follogviwo graphs (fig.19) and (fig.20):

Cost of subsidies
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(fig.19)
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Running total costs of subsidies

5 000

4000 -

3000 A —e— Infrastructure subsidies
2 000

1000 -

O\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
XA e PP
Years

Consumer subsidies

(fig.20)

As noticed in paragraph 5.2, the cost is highec@rsumer subsidies due to the high
level of subsidies. The cost is very high, morenthéillion € for the first year and
about 5 billion € for consumer subsidies and “orfyiillion € for infrastructure
subsidies!

As demonstrated in fig.19, infrastructure subsidiesbetter fitted for quick and
expensive roll outs rather than consumer subsidies.

The quicker and more expensive the coverage isnthve adapted infrastructure
subsidies will be.

Generally, at the beginning of the coverage petioel consumer subsidies are better
fitted, and remain better fitted for a certain l#ngf time. The higher the amount the
subsidy is, the shorter the length of time will be.

In the following scenario, the duration of the sdigdhas been adapted on a yearly
basis,t, =t , in order to determine the optimal length ofdithat consumer subsidies

are best fitted. The following results are obtaifegl21):
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(fig.21)
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Above 9€/month, the predominance of consumer sidssldsts less than a year.

The chart below estimates: the total cost, the rurabsubscribers and the cost per
subscriber, for a 30-year roll out, using differeatues for the amount of subsidy.
Coverage starts with consumer subsidies duringitiieit is the most efficient and
finishes with infrastructure subsidies (chart.3).

Amount of Subscribers Subsribers due Cost/subsriber
subsidy (000) to subsidies Total cost (M€) due to
(€/month) (000) subsidies (€)
0 5378 0 0 0
0,5 5551 173 38 220
1 5 596 218 128 587
2 5810 432 369 854
3 6 018 640 690 1078
4 6 222 844 1094 1296
5 6 422 1044 1683 1612
8 7 002 1624 4137 2 547
9 7 190 1812 5 353 2954
(chart.3)

When newcomers who subscribe only because of teafive subsidies granted, the
subsidy costs per subscriber increase. As the pestsubscriber increase, the
proportion of households covered increases lessemsdjuickly in relation to the
total cost of the subsidies, as the figures beltustrate (fig.22) and (fig.23).

Cost per subscriber due to the subsidies (€) Population connected due to the subsidies
3000 20%
2500 ] 8
S 15% A
2000 —— 3 ’ /
€1500 3 10%
1000 4 2
Z 5%
500 1 . 5
L
0 . . . . 0% : : . . .
0 2 4 6 8 10 0 1000 2000 3000 4000 5000 6 000
Amount of subsidy (€/month) Cost of the subsidies (M€)
(fig.22) (fig.23)

The above are generated in relation to the decigasiio of the costd for the
infrastructure and for the marginal costs. The predominance of thesworer
subsidies increases th and 8, therefore the total costs of the subsidies aadtst
per subscriber due to the subsidies decreasésand 4.

7 Conclusion

The consumer subsidies are all the more relevanh wWieespeed of the coverage
without subsidies is dynamic. Consumer subsidiesheaper than infrastructure
subsidies when the coverage without subsidiesnamiyc enough and the example
above shows that this should be the case at tharbeg of the roll out.
Demand-side subsidies, from a dynamic point of yidevnot affect only the
consumers located in the already covered areashéytlso encourage the
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investment in non served areas because the thdeshptofitability becomes easier
to reach.

As soon as the investment incentive is high enoughthe roll out without subsidies
is fast enough to allow the duration of the sulesido remain short, consumer
subsidies are truely cost effective.

When the speed of the roll out without subsidiesi$seto slow down over time as it
reaches less dense areas. Therefore, the duratiba cbnsumer subsidies needs to
increase over time to remain optimal. This, in tumoreases the cost of the subsidies
and deters investment in unserved areas. In susds caubsidies affect almost
exclusively the already covered zones. This is &bt with Goolsbee [3] who
considers that demand-side subsidies affect oelallfeady covered areas. More
generally, the more the roll out without subsidgedynamic, the more the dynamic
point of view is relevant and, contrarily, whemsiinot fast enough, the static point of
view becomes more relevant. In the case of a n&asimucture roll out, like Next
Generation Infrastructure which leads to pull fibedles, the dynamic effect may be
significant especially in the beginning of the ralit. Notice that in the example in
section 6, the values @f and @ chosen are quite low. Actually, the roll out oéth
infrastructure improves the operators’ knowhow efitiency, (learning by doing).
This paper has not enquired about the effect ontheweonsumer subsidies stimulate
innovation and the deployment of new usages. Thmenshould be positive and
should improve consumer subsidies. Most of theemf@ntioned authors have noticed
that people’s predisposition and skills for usimgwtechnologies had a positive effect
on Broadband penetration and connection speed.eMeese should be true, because
application and content providers should be engrdao provide more applications
and more contents when a greater portion of thellatipn is connected. This, in turn,
would also improve people’s familiarity with newctaologies. There is no clear
evidence of this phenomenon yet, but | think & good strategy for future research.
The relevant policy implications that authoritieeghl take into account are: Firstly,
the estimation of the rhythm of infrastructure ooll without subsidies. Secondly, the
choice of the duration of the subsidies. Thirdlg #election of areas where consumer
subsidies are the most efficient way for the dorathey have chosen. Third, the
announcement of the subsidy rules (direct subsithees decreases, etc), specifying
in particular, the duration of the measure. Opesabave to know this duration to
plan the areas where they intend to invest. Fogrtebularly adjusting the duration
so that it remains at the optimal level and forecHse approximate moment in time
when the infrastructure subsidies would be the Wwagtfor the remainder of the roll
out.

8 Annexes

8.1 Proof of5.1

2
Indeed, ifdi, = ds, thena :1—( a—c] then
a,—cC

(o) (12232 (52 Ja-0) o
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Coute (d,) = Coue (s, ) X — ) and yetc, o (d,) =C e (di, ) @—a), see figure 5,
thereforecouﬂe’( (Qa) = Coutla (d_sa) and thusma = d_sa

8.2 Proof of 5.2

For the consumer subsidies we choose the optinhad ¥ar the duratiort, =t .
The cost per newcomers is:

S - (a, —a)t for consumer subsidies and

S

Y Sy
[ Cana(d(9)d(S) dS + [ €y (d(9))d(S) dS |
G_As < S < for infrastructure subsidies
Yi / '
(9 ~dy) [d(S)dS+aq, [d(S)dS
S S

We can insertg between two values which are easier to work with:
Yi

Couee (d,) @ . d _ .
e (9o) <G : Cona () @ Whena is low, < tends to come closer
max(qm’ qc - qm) yi mln(qm’ qc - qm) yi

. . C, .
to the left side’s term, whereas wherincreases— tends to come closer to the right
Yi
side.

Coutle ($) ( a-c¢ jz Ci Coutlet (Q) ( a—cC jz
1- <—Lt<— 1-
max@,,d. — d,) a,—c y, min(q,,d. —q,) a,—c¢

(as—a)ln( a—cj

) a,—c¢C
Let us rewrite—= =
Ys In(1-9)

8.3 Proof of 5.3

Let us divide the newcomers into two groups: Newerin the competition area and
newcomers in the monopoly area.
Newcomers generated by consumer subsidies:

S S Sy Sis
Ys = (0~ 6) [ d(S) IS+ (0s ~ Gy) [ A(S) dS + (0l — ) [ A(S) dS+ 0, [(S) S
0 S S Sn

competition area monopoly area

Newcomers generated by infrastructure subsidies:
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S S
Y, = (0, = d,) [d(S)dS+q, [d(S)dS
S Sm

competition area monopoly area

We notice that ifS_ =S thenS_ =S, because,,, (di,) = C . (dS,)
It is evident thaty, >y,

s S
Let us assumerc, = (d,, = d,) [ d(S) dS +(q, —q,) [ d(S) dS;
0 5

competition area

Sy Sy
YM, = (G —0,) [d(S)dS +q,, [d(S)dS
Ses S

monopoly area

Ss S
¥, =(d, = q,) [d(S)dS andym =q,, [d(S)dS
0 Sn

v v
competition area monopoly area

It is obvious thaty, >y, ; yc, > yc, and ym, > ym

The increase of Consumer Surplus generated by nmrssubsidies is:
C

ACS; = (8, = P,) ¥YC, + (& = ) YM, = (&, —C)[zy_—soﬁ%j

The consumer surplus with infrastructure subsidies:

ACS =(a- P,) ¥ +(a- p,) ym =(a—c)(%+ﬂj

2

The variation of the profit for consumer subsidies:
1+ o0)yc
AT, = (P, ~©) YC, + (P —C) ym, =(as—c>(( WY ymsj
2—-0 2
The variation of the profit for infrastructure subss:
1+o0)yc
AT = (p, ~) Y&, + (P —C) ym :(a—c>(( L y”‘j
2—-0 2
The variation of welfare for consumer subsidies:
AW, = ACS, + A7, = (a, —¢) (yc, + ym,) = (a, ~ ) y,

The variation of welfare for infrastructure subsili
AW, =ACS +Arm =(a-c)(yc +ym) =(a-c)y

It is obvious thatACS, > ACS,, Arr, > A7 andAW, > AW,
To compare infrastructure and consumer subsidiesyiM now calculate the ratio
variations of Welfare/Cost. This ratio, like thestper newcomer, illustrates that

there is a value of_ = a, beyond which it is advantageous to opt for infrasture
subsidies and below which it is advantageous tdarpgtonsumer subsidies (fig.8).
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But this value ofa_ is higher than the one for the cost per newcomgr; a;

because consumer subsidies generate newcomerslpat the newly covered areas
but also in the formerly covered areas, and thesgomers improve Consumer
Surplus and Welfare.

AW, _ (a,-¢)

C, (a,—-at
AC\:Ni = (@a-coy and we can inseﬁg between two values which are easier to work
with.

(@-C) max@y, 9 ~ ) , AW _ (@—C)min(@y, 9. ~ G)
Coutle'( (do) a Ci Coutlet (g) a

8.4 Values of chart 2

The Idate’s study gives the average investmensplescriber according to the
penetration/coverage rate by zone (chart.4). alsvs us to calculate the fixed costs
of the infrastructure in GPON 32 for each zone #rgdconnection costs (service
installation and terminal supply).

Investment per subscriber (€) Zone
Highly Wide area
concentrated concentrated

. High rise Medium density | Residential | Concentrated | Wide area
Penetration/coverage rate

urban

urban

suburban

urban

suburban

rural

rural

10%

3200

5500

7450

20%

1800

3000

3950

30%

1360

2100

1950

5900

6700

10100

50%

1000

1450

100%

725

950

(chart.4)

The investment includes the connection ansind the cost of an outlef,,,
accordingly:

C . .
| =c, +%‘e‘ where A is the penetration/coverage rate.

The connection cost can be deduced by the diffe@nes of investment for different
penetration/coverage rates:

LA =14

c, =— 1
(Ai - /]j)

wherel; and [, are the investment according to the penetratiomiame rate
respectivelyA, and A,
The value ofc, remains quite the same irrespective of the vabfiel and /;.
c. =450€
We can deduce the values of the cost of an outtegdch zone:
Coutlet = (I _Cc)/1
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And we obtain the results indicated in the chart 2.

8.5 Values of the parameters of paragraph 7

8.5.1 The value of r

P — and the rate of

1-(1+p)

r is the sum of the amortization coefficient=

maintenance.

The Idate’s study explains that technical operatomsts, including maintenance fees,
were measured as a percentage of the investm#ér gorresponding equipment.
This percentage varies depending on the technoleglpded, it is estimated at

m = 7% of the investments per year using GPON. That isg¢hson why m is added

tor, which is also a multiplier coefficient of the inwe®ent.

If p=10% andT =30years then7 =7, +m=0176
8.5.2 Marginal costs

The marginal costs include a fixed part comprisedogfuisition costs, management
costs and business expenses as well as a vargi|¢hg connection costs which
decreases over time.

Let us assume for the example of paragraph 7 lleatdnnection costs decrease by
tp =10% per year, representing the technical progress rate

The annual connection cost price is affected bymaartization coefficientr,, in
exactly the same as for infrastructure costs

1-@A+p) "
T, is the lifetime of the household terminal (OLT) wiis estimated, = 525years
Therefore, the cost price of the connectiog ig, +m )

Acquisition costs are also affected by an amottratoefficientr, = ﬁ
—_ p 3

T,is the lifetime of a subscription which is estinthig = 3years

The acquisition costs are estimated,at 80 pe€subscriber.

Management and business costs are estimated=80 per y@ar and per subscriber

¢, = 60€per year and per subscriber

We can write the marginal costs per month:

1
C=— Cc(rz +m)+CaT3 +C,tG,
12 , -
variablepart fixed part
The variation of the marginal costs from ye&r yeart+1 is:
C(t + 1) — C(t) - CC (t)(TZ + m) tp
12
Whent = 0,¢(0) = 25€ andc(t) =12+13(1-tp)"
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