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Abstract

In a standard OLG model of a small open economyh wit
logarithmic utility and endogenous fertility we shathat the
reversion of the relationship between fertility am@dges (i.e. a
transition from the Malthusian to the Modern fatyilbehaviour)
may be possible in presence of intergenerationdllipuransfers
(i.e. public national debt or PAYG pensions). Iotfas known, the
latter have been implemented mostly in the advans&stern
Countries, where the fertility behavior reversidras mainly
occurred. We show that such a reversion is mosyliko occur in
economies that are entailed with low interest rdtay costs for
raising children and low degree of patience, anghhpreference
for children.
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1. Introduction

The process of economic development and in paatictihe so-called Demographic
Transition have been the object of intense resaarckrent years.

According to Galor and Weil (1999) three distinelgimes have characterised the process of
economic development: the ‘Malthusian’ Regime, ‘thaest-Malthusian’ Regime, and the ‘Modern
Growth’ Regime.

The first and the latter regimes are those releffaging the Post Malthusian one a regime
that “fell between the two just described, [andqrgldl one characteristic with each of them.” See
Galor-Weil, 1999, p. 150) as regards the relatietwieen changes in wages and changes in fertility,
which is the relation of interest in this paper,tivat theMalthusian Regime (Modern Growth
Regime is featured by @ositive (negative)elationship between income per capita and popuiati
growth.

The economic reasons lying behind the transitiomfthe Malthusian to Modern fertility
behaviour have been largely investigated, as bslaweyed. However less attention has been paid
to the possible role played by the diffusion (start from the nineteenth century) of
intergenerational transfers (typically, pay-as-gmy-PAYG, pension systems and, similarly, public
debt), mainly in the European countries which axacly those in which the reversion of the
fertility behaviour has been completed.

In this paper, taking seriously into account thesewlation of Galor (2005, p. 45): “The
simultaneous reversal in the significant upwaradrén fertility rates among Western European
countries suggests that a common economic forcehaag triggered the demographic transition in
this region...” we investigate whether and how pelcentailing redistributions among generations
(i.e. pension systems and public debt) widely imp@ated in most Western European Countries
might have played a role in the reversion of thélfiy behaviour.

Therefore in this paper we try — in a context oBBrapen OLG economies - an explanation
which can add to the established explanationsrsenfierged in the literature. Since we analyse the
determinants of the long-run relationship betweenility and wages in the presence of pension
systems (public debt), then it is worth to notettladthough such issues are not new in economic
research, in general they have been so far anabgmatrately.

In fact, several scholars have focused on theioeksttip between fertility and income
although disregarding the role of intergeneratiot@nsfers (see, for example, Jones and
Schoonbroodt 2010 and Renstrom and Spataro 201f2rathe role of technological shocks).
Conversely other works focused on demographic sswéh PAYG pension systems but
abstracting from the fertility-wage relationship.glevan Groezen et al. 2003, Fenge and von
Weiszacker 2010 and Fanti and Gori 2012).

As regards the fertility-wage relationshigsome modern theories of fertility predict the
reversion of Malthusian fertility, both because enduitable circumstances increasing wages lead
to substitute quantity of children with their gugl{see, e.g., Becker (1960), Becker and Tomes
1976) and because of the negative substitutiorctetié (female) wages on fertility, due to the
potential increase of female participation (e.gnééir, 1966).

For instance a fertility transition in the modedst(up in an overlapping generations context)
of Becker et al. (1990), Tamura (1998), Lucas (39@®d Galor and Weil (1998) occurs as
individuals begin to trade off quantity for qualityn Galor and Weil (1996) a demographic

! In fact Galor-Weil (1999, p.152) focus on “theperience of Europe and its offshoots, since thene e
areas that went through the complete transitiom filee Malthusian Regime to modern growth”.

2 See Galor and Weil (1999) and Guinnane (2011)aforoverview of several different theories of the
demographic transition.
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transition is generated through a difference inghdowments of men and women and a shift in
comparative advantage.

More in general the literature proposed differemchanisms triggering the transition: for
example 1) Becker and Barro (1988), in the conbéxt model of intergenerational altruism, show
that increased (Harrod-neutral) technical proghessgs upon a higher growth rate of consumption
and a lower rate of fertility; 2) Jones (2001),developing an idea-based growth model, introduces
a third effect of increasing wages on fertility, addition to the standard income and substitution
effects - the subsistence consumption level effeavhich is not traditionally present and is
responsible for the emergence of the crucial featirthe demographic transition: in fact as the
wage rises starting from low levels, the subsisteaonsumption level which the consumer is
required to purchase gets cheaper, leading consutoenave more after-subsistence income to
spend on both more children and more consumptiohab the wage gets sufficiently large this
effect tends to vanish. 3) Galor and Weil (200@uarthat the positive effect of technical progress
on the return to education and the feedback etfebigher education on technical progress brings
upon a rapid decline in fertility accompanied byelerated output growth; 4) Fanti and Gori
(2007) attempt to provide a further explanationjnptementary to those already existing in the
literature, focusing on the effects of the uniotic@a of the economies as a cause of the emergence
of modern fertility behaviour in place of the Malgian one.

As mentioned before, all these contributions owkladhe analysis of the role that
intergenerational transfers might have played itemeining the transition of modern fertility
behavior. In fact, there are a few exceptions. &@ample, Fanti and Spataro (2009) analyze the
relationship between public debt and fertility m@LG model with fixed costs for raising children,
and show that the latter relation can be ambiguous.

Conversely, other works focused on demographicessuth PAYG pension systems but
abstracting from the fertility-wage relationshipgieCigno 1993, Zhang 1995 and, more recently,
van Groezen et al. 2003, Fenge and von Weisza€idr @nd Fanti and Gori 2012). However none
of these works focus on the characteristics andhenpossible reversion of the wage-fertility
relationship.

In this paper we aim at filling this gap. We bebethat our attempt is relevant for at least
two reasons.

First, for theoretical purposes (to the best of knowledge such an analysis in presence of
intergenerational transfers has not been doner¥oSacond, for policy reasons, since the recent
financial crisis has raised concern about the iitgmf sustained growth in presence of increasing
levels of public debt and/or public pensions.

The main finding of the present paper is that wiilethe absence of intergenerational
transfers the standard logarithmic OLG model waqariedict either a Malthusian fertility behaviour
or even independence of fertility choices from wégecause with logarithmic utility and time-cost
of childrearing — as assumed in the present pafiegre is an exact balance between income and
substitution effectsj,when intergenerational transfers are introducedréation between fertility
and wage may become of Modern type, provided tbatesconditions on the love for children
(sufficiently high) and rearing costs, interesterategree of patience (sufficiently low) hold.
Noteworthy, we show that this result holds not amhgler constant public debt (i.e. public debt a la
Diamond 1965) but also under a Defined Contributmension system. Therefore our paper
provides a novel, although partial, explanation cekhcomplements the other well established
theories of the transition from a Malthusian to addrn fertility behaviour.

® The one or the other outcome strictly dependsherassumption on the typology of children costdatr
in another paper Fanti and Spataro (2009) have rstiost when the cost of rearing children is fixeddrms
of consumption goods the Malthusian Regime alwaysis.
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The work is organized as follows: in section 2 \ag but the model and in section 3 we
carry out the analysis of the relationship betwesstility (and savings) and public debt. Section 4
investigates such a relationship under a PAYG peanstheme. Conclusions will end the paper.

2. The model

In this work we extend a standard OLG model (Diachd®65) in order to entail endogenous
fertility®. We imagine that individuals live for three pesoghildhood, young adulthood, and old-
age). In the first period individuals do not make aecisions. In the second period young adults
are endowed with well-behaved preferences desctiyed utility function U. Such a function is
defined over consumption in the second and thindogeof life (c1, ;) and on the number of
children per adultr(), respectively, which are given birth by young asluMoreover, in the second
period individuals receive a salamyfor their labor services (exogenously supplied) dacide how
to split such an income over life-time consumptooron child-bearing. More precisely, we assume
that each child costs a fixed fractiog, of wagew’. Since we imagine that every single young
adult can have children, it follows that the steathte population will be stationary or increasing
nis equal or bigger thah(thusn-1is the long run growth rate of the population).

2.1. Firms

We assume that firms run their business in a piyf@ompetitive environment and own a
Constant-Returns-to-Scale production technolB@¥,L) by which they transform physical capital
K and laboulL (which is identically equal to the young-age p@pioin N) into a consumption good
Y. As a consequence, each firm hires capital anoulabp to the point in which the cost of the last
unit of input is equal to its marginal productivitjence, by defining=K/L the capital intensity,
homogeneity of degree oneBfyields w= f(k)- f'(k)k andr = f'(k), wherer is the real interest

rate, (in the case of absence of depreciation)oif '(k)—l (in the case of full depreciation) ahd

indicates the derivative dfwith respect tdk. In this paper we focus on the case of small open
economy, where the interest rate is given and wagescapital intensity are also fixed (although
the latter are also functions of the productiorction parameters).

2.2. Government

We imagine that the government implements a religive policy between generations, by
lump sum taxes or benefits. More precisely, weyaeathe following two cases:

1) By following Diamond (1965), we assume that athedate the government issues a non-

negative amounB; of national debt and finances it by partly rollingover and partly by levying
lump sum taxes upon the young adults, so thatyhardic equation of debt is:

Bt+1=BtR —1,Ni-1 [1]

(whereR; = 1+r¢, 711 is the lump sum tax and.1=L). In per worker terms we get:

* We adopt a standard method for endogeneizinditieiti OLG models, following, for instance, Galand
Weil, (1996), Strulik (1999, 2003).
®> See for example Strulik (1999; 2003) and Boldrid dones (2002), who make the same assumptioreon th
cost function. This function captures the modemwwiof a time-cost of childrearing in terms of fongo
wages.
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Brr1n=biR; -71.¢; [2]

moreover, again by following Diamond (1965), weusss that government pursues the constancy
of debt in per worker terms, such that:

T]_’t:b(Rt' nt) . [3]

2) a PAYG pension system, according to which a lwsam contributiong;, of the young
generation of workers finances a lump sum pensenefit, z,, paid to the old generation.

In this case we have that, at the equilibrium:
Z-2,t Lt—l = Z-SI.,t Lt [4]

Or, in per worker terms:

Top =01y [5]

2.3. Individuals

The young aduli faces the following maximization problem:
maxU (cit ,Chors Y ) =zlogc,, +2,l09,Cl,,, +Z,logn; [6]
Under public debt, the budget constraint is

i
C2,t+1

i NAl —
Ce ¥ Twan =W 7y, [7]

+1

While, under a PAYG pension system, the latter bexo

Ci2t+1 = i Lo
— tWan, =W T t——. [8]

+1 +1

[
C, t

We can realise the fact the two policies exert lsimeffects on the budget constraint and, hence, on
the individual’'s behavior. In fact, under publidotleby using eq. [3], €q. [7] at the steady state |

G+ Wi =wb(R-n) [0

while under a PAYG pension system, at the steaatg by using eq. [5], eq. [8] becomes:

c, r.(n-R)

c, - wgn' = w+ [10]



Note that we omit the superscrigor nin RHS both of egs. [9] and [10], in that we assum
as usual, that individuals do not internalize tkeemality that their own fertility choices exem o
the aggregate fertility rate and, hence, on thesteoutive policies.

By comparing egs. [9] and [10] we can see thatathltases, when>R, the net life-time
transfer comprised in either policies is positiwdile, if N<R, such a net transfer is negative as a
whole. The main difference is that, in the cas@ublic debt, whem>(<)R the lump sum tax on
the young adult; is negative (positive)while under a PAYG pension systetnis positive in any
case and the net life-time transfer is positivegéatiee). Thus, when>(<)R both public debt and
pension benefits represent net positive (negatia)th for individuals

3. Steady state analysis in presence of public debt

We now start the analysis by focusing on the stesalye equilibrium in case of constant per capita
public debt.

3.1. Characterization of the solution

Under public debt issuing we the steady state isplsifors andn are:

st = ZZW'qVNV_—bR [11]
wov - bz,
and
n* = stll_—m ) [12]
wqv - bz,
with v=z + z, + z,. In order for botts* andn* to be positive, it must be that:
w ma{ R,é} [13]
b qv
or
W min{ R,é} [13]
b qv
Moreover, by taking the derivative of [11] with pest tow, we get:
* _ 27
ow (WG - bz,)

® By passing, we note that with public debt youngge face a “variable” lump-sum taxation. In sewté
we investigate the case of Defined Contribution BAYension system, in which young people face a
“fixed” lump-sum taxation.
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which has two roots fow:

W, :9—23[11 -2 RJ. [15]
qv 4

The latter roots are real only fé > R. Hence, it follows that:
qv

If i< R, then:

~

qv

0s*
ow

>0,n* >0, >0, Ow [16]

If L > R, then:

qv

0s*
ow

>0,n*>0,s*>0, Ow>w, or w<w, [17]

However, since we are dealing with a long run OL@Gwdh model and we expect, in line with
observed historical data, that wages tend to iseréa the long rud,we may drop case [13]
(which imposesv to be sufficiently low) and focus on case [13].

Furthermore, it seems reasonable to impose th#tgeimbsence of public transfers, lifetime income
w(1- gn*) is positive, such that, by [7] and [12]:

w_ W gR-1

1-gn*)>0 e —>—=——— . [18]
=am) b b Gz+z)
Note that
|
RZY _RZS, [19]
<Db <qgv

In the light of the above analysis, we can write fibllowing:

Lemma 1: Sufficient for havingai, n*,s*>0is W ma{R,ﬂ] with w; =?§—b 1+ 1-TR
ow b b qv z,

and(z +z,)>z.

" We note that also in the small open economy conteges may steadily grow due to an exogenous fabou
productivity growth (here disregarded for simpiiciHowever, if explicitly considered, such extemsio
would not affect the generality of the results)this sense when we investigate how fertility gemnwith
increasing wages, we may think that the latter gdow to exogenous technical progress (while therest
rate would be unaffected, keeping constant andleqguiz international level. See Appendix A).
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Proof: By focusing on case sub [13], we are left V\I-I\é\-,lP ma{R,é}. Moreover, if R>é, by
qv qv

condition [16] and [19], then\g—/ > R is sufficient condition.

|
If R<-2 then by condition [17] and [18% > ma{%,"ﬂ is sufficient. Finally, since, by egs.
qv

2

2—
[15] and [18] lewl - RZZ3 (glJrZZ) , it descends that, by assumirg, +z,)>z,, if
v

R<Z then? > is the sufficient conditidh
qv b b

In the reminder of the paper we will assume thatddmns provided in Lemma 1 hold.

We now discuss the shape of the relationship betviesility, on the one side, and public
debt and factor prices, on the other side, in dlsspan economy context.

3.2 The role of public debt and factor prices

As for public debt, the results of the steady-stai@parative statics can be summarized as follows:

* *
Result 1: 9s zO, on* > =5
b <

J— - K——

ob < > qv
Proof: by differentiating egs. [11] and [12] with respézb we get:

0s* .~ Z3— RQv on* z, - Ryv
—=zZW(——— and—— Wor——— .
b Vwav-bz) T ob " (wav-bz,)

The economic interpretation of such a result canbbter appreciated through the following
Lemma:

Lemma 2: Rfé iff niR.
> qv <
_ » _z;- Ry
Proof: By exploiting eq. [12] we get— R = W~—b, such that Lemma 2 follows.
W\ — D7,

As for the economic rationale behind the conteriRe$ult 1, recall that, by eq. [9], wher> (<)R

public debt is net positive (negative) wealth fodividuals. Hence, an increase in debt brings about
higher (lower) lifetime wealth, through which indgivals increase (decrease) life-time consumption
of goods,c; andc,, and of childrenn. Moreover, since higher public debt implies higfiewer)
disposable income for the young adults, and gihanthe latter pursue higher (lower) consumption
in both periods of their adulthood, increases ihligudebt entail also higher (lower) savings.

8 The restriction(z, + z,) > z, is set for the sake of simplicity and does nogeifthe generality of

the results.
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Finally, by mere observation of Result 1 we cao giovide the following Corollary:

Corollary 1: Higher public debt may simultaneously increasergse) both savings and fertility
if love for children is sufficiently low (high) anthe interest rate, the cost for raising childred a
the intertemporal discount factorfz) are sufficiently high (low).

As regards the relationship between savings, itgrtiind factor prices, preliminarily it is
worth noting that, by observing egs. [11] and [1&]the absence of public debt such a relationship
is clear-cut:s is independent of and is a positive function af, while n is independent of any
price.

However, things do change in presence of positu@ip debt. As for the role of the interest
rate, it is easy to see that, when b>0,

0s* ~ b on* b
==z ———<0and =-z,—<0. 20
or 2 wav - bz, or ° wgv-bz, [20]

As for the role of wage, things interestingly charag well, and it can be shown that the following
result holds:

on” > it p> %

Result 2: . =
ow <0 <\

Proof: By derivating eg. [12] we get:

AP i W e
ow  (wdv-bz,)” < <\

As regards the economic interpretation of the Itemoove, firstly we note that the wage is
both the labor income and a measure of the cobawihg children (\j). Hence a wage increase

raises both individuals’ income and children costsentailing both an income and a substitution
effect on the choice of the number of children.the absence of pensions systems and with a
logaritmic utility, as the present one, these tiffeats, as known, offset.

Moreover, we can show that:

Lemma 3: The income effect fon with respect tav is positive.

Proof: see Appendix B.

Hence, wherb is positive, ifn>R (R<—), the increase iw implies that the negative substition
v

effect prevails on the positive income effect. @a bther hand, ih<R the income effect prevails
on the substitution effect. Hence, in the firstecaghere debt favours income of young adults, an
increase irw is followed by a fertility decrease, while in teecond case in which income of young
adults is burdened by the presence of debt, whigrcreases fertility increases as well.

Hence, the following corollary holds:

11



Corollary 2: if g, z,/z, i.e. the individual's degree of patience and iR, sufficiently high (low)
and z, is sufficiently low (high) then the relationshiptiveenn andw is positive (negative).

Finally, in order to check the robustness of theva results, in the next section we modify
redistributive policy by focusing on the case ofibed Contribution scheme.
4. Defined Contribution pension scheme

In this section we develop the case of PAYG (i.efied Contribution) pension scheme. First
order conditions imply the following steady stapéusions fors* and n*:

S = (w- Tll(zz WoR - 23T1) and [21]
WOVR - z,7,
=z WoT)R [22]
WVR- z,1,

In order for boths* and n* to be positive, it must be that:

ﬂ > ma){ ZE ’]} [23]
4 z0R

Inequality [23] simply requires that, as usual my@LG growth model, labour productivity and
thus wages must be sufficiently high to allow fdeasible economic system (in line with Lemma 1
referring to the case of debt).

Moreover, by taking the derivatives of [21] and][2&th respect to all parameters, under condition
[23], we get the following table:

Table 1. Comparative statics in presence of a dff@ontribution pension scheme

0s* -0 0s* >0 0s* <0 0s* <0 0s* >0 0s* <0 asj >0
ow or 0T, 0z, 0z, 0z, aq
an*z? 6n*<0 an*z? 6n*<0 6n*<0 an*>0 an~*<0
ow or o7, 0z, 0z, 0z, aq

The ambiguity of sign of the relationship betwdertility, on the one side, and wages and
lump-sum pension contribution, on the other sitieyws in Table 1 is investigated more in detail in
the following:

x - R
on* _ z,Rw——2 ¥ - Zo -RSE [24]
or, (Rwoyv - 7,2,)° < > qv

* R_
N o ZRr, MRTB 25 g75 [25]
ow (Rwgv - 7,2, )* < <qv
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Some remarks are in order with respect to the abable: in comparison with the case of
public debt, we note that now, differently from tvious case, savings are always decreased by
higher lump-sum pension contributions. The reasorthiat higher contributions imply lower
disposable income for young adults, and this in fanoduces a crowing-out of savings, even if such
a policy may leave individuals either richer or pgro Moreover, differently from the case of public
debt, now savings increase with the interest rate.

By contrast, fertility behaviour with respect td lle parameters are exactly the same in the
case of debt and pensiohdn particular, focusing on our main objective, wey state the
following noteworthy results (easily proved througgn [24] and [25], respectively):

Result 3: higher pensions — in the form of Defined Conttibm schemes — stimulate (reduce)
fertility depending on whether love for childrensisfficiently high (low), the interest rate, chigalr
costs and the degree of patience are sufficieatly(high).

Result 4. wage increases — in presence of Defined ContobuPension schemes — stimulate
(reduce) fertility depending on whether love forldten is sufficiently low (high), the interest eat
children costs and the degree of patience arecgarifly high (low).

From both Results 3 and 4 we observe that pensomdertility-reducing (augmenting)
when families have a Malthusian (Modern) behaviour.

Moreover, the main comment in order here concertire role of wages of fertility is the
following: results 1 and 2 concerning the case eiftcare equal to results 3 and 4 applying in the
case of a Defined Contribution pension scheme.

Therefore, having shown that the same conclusabrair model in presence of public debt
also apply in an economy entitled with a PAYG pensystem, we are confident in the robustness
of the following conclusion: the present paper mesdthat, under a standard logarithmic utilitye th
introduction of pension systems (and public deb@yjjunder plausible circumstances (e.g. low
international interest rates, preferences for @dsamption, that is low degree of patience, time-
costs of childrearing and high love for childrep)pduce the main component of the demographic
transition: fertility falls - instead of rising -sahe wage rate rises. Alternatively, the preseasice
pension systems (public debt) allows for the passagm a Malthusian to a Modern fertility
behaviour under some appropriate change in one are rof the above mentioned economic
parameters.

5. Conclusions

In this paper we have analysed the behaviour afifiein an OLG model of a small open
economy in presence of intergenerational distrdsupolicies. The main result is that an increase of
wages can be beneficial (detrimental) for fertilitlien: i) the interest rate is sufficiently higbhwl),

i) the preference for children is sufficiently loghigh) (relative to the preference for both own
young and old consumption) and iii) the time-castdhildbearing is sufficiently high (low). This
result provides a new possible channel — the imetaation of intergenerational transfers policies -
for the historically observed change - especiallgdvanced Western Countries - from a Malthusian
to a Modern fertility behaviour.

® Given that the focus of the paper is on the fartiage relationship, we do not further pursue the
comments on the different savings behaviours utigetwo different types of redistributive policy.
13
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Appendix A

Here we show a possible interpretation of the waweges analyzed in this work. We assume, as
usual, a Cobb-Douglas technology, such that Gk" (where G>0 is a constant index of

technologyy is output per worker anklis the weight of capital in the production functias well
as the distributive share of capital), and assumiedépreciation of capital, then, we have that, at
any time t, the market equilibrium implies:

_ <\ . hG ?lh
1+1,=hclk, [ =k _LHJ [A1]
AR VARt I L 1-h .
w =k’ Ja-ne=(-ne {—“J L+ )=—=k [A.2]

It is easy to see that, in a small open economygewamay increase under positive

improvements of the exogenous technical progr€ssin that, by equations [A.1] and [A.2],
% =1+ r‘)?% >0’. Note that the interest rate is not affected lgydhanges in G in that, in

small open economy, it is equal to the internatiamarest rate.
Appendix B

Proof of Lemma 3:

_~ -~

Recall that, by eq. [15], Lemma 1 implies that WI’I{feni thenVEV >R, and whenR < % then
Vg S

W,
>

w.ow
b b’

Moreover, since, by Slutsky equation:
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Where the second object at the RHS of [B.1] isittteme effect (IE) and M is the equivalent
variation of income. By equation [29] it is eas)stow thatM = W(Ejn—l), such that:

oM -
—=(gn-1
o (Gn-1)
. on _  z
Moreover, since— =———=—— >0, we can conclude that
oM  wgv-bz

sigr{IE] = sign1- gn)

which is positive under eq. [18] and Lemma 1.
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