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Ercan Uygur \Y

Editor’s Introduction

This second issue d&konomi-tekpresents papers with a theoretical basis
that continue our mission to provide frameworks @miderstanding today’s
economic ills and to suggest solutions and politieaddress these troubling
times.

The “great recession” that followed the financiekis of 2008-2009 has
given rise to contentious debates about the wisdbthe stimulus measures
undertaken by many governments trying to jump-sthgir economies.
Central to these debates has been the issue ot ponxstment, specifically
its quality and sources of financing against thekdeop of overall state
spending. The first paper in this journal focusasthtis very topic: Mustafa
ismihan and Giilgin Ozkan compare and assess twal fisgimes, one based
on a balanced budget with tax financing, the ofielowing the so-called
golden rule using debt financing. The authors astelthat not only the level
of public investment but also its rate of returrd gsgroductivity should be
taken into account by policymakers.

In Turkey, as a developing country, which suppljesiactors stand out as
being better able to enhance growth prospectstéwiaup concern is how to
decide which sources of growth should be suppaatedi encouraged by the
government. The second paper in this issue is m¢Bfeldan, who seeks to
answer the above questions. More explicitly, withhe context of an
endogenous growth model, he asks whether humatatépmation through
education, or research and development (R&D) digs/should be promoted
through subsidies to foster capital accumulatiod gnowth. The author
comes to the conclusion that governments shouldngt® human capital
accumulation through education in the short to mmaditerm and R&D
activities in the medium to long term.

Looming deficits in national pension systems caubgddemographic
shifts and related worries have an important place the agenda of
economists and policymakers. In the third papethi issue, Miryam de la
Concepcion Gonzalez-Rabanal and Luis M2 Saez dedlfiuSanz examine
the possibly discriminatory effect of European Unlaws governing pension
plans. The authors assess the effects of such tawvnly in their own
country, Spain, but also in France, Germany, It&weden and the United
Kingdom. They find that there is indeed discrimioatagainst women and
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that it rises in tandem with the retirement ageshould be noted that this
unequal treatment of women has been a consequéneenoen surviving
longer than men on average.

This second issue &konomi-tekhas been somewhat delayed in getting
out to you, our readers. The summer holiday slod@en every aspect of our
production process including reviewing, revisingl aaditorial work. But that
is now behind us and we look forward to providinguywith stimulating
articles in the future.

With the hope of meeting you in the coming issues......

Ercan Uygur
Editor
Ekonomi-tek
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The Golden Rule of Public Finance: A Panacea?

Mustafa/smihan and F. Giilcin Ozkan

Abstract

The fiscal stimulus packages that were put in plagke wake of the re-
cent global financial crisis consisted of massiublig investment spending.
Moreover, substantial increases in public debtl&eire the aftermath of the
crisis have highlighted the importance of fiscaaipline and thus the appro-
priate form of fiscal policy regimes. Motivated Hyese experiences, this pa-
per provides a comparative assessment of two fisgimes: a balanced-
budget rule with tax finance and a golden rule wigivt finance, with special
reference to the level and the efficiency of puloticestment. We find that,
although the golden rule is likely to be more pohlhvestment-friendly,
adopting a golden rule rather than a balanced-huddge does not guarantee
that public investment will improve economic out@snOur results suggest
that only when the rate of return on public capisagireater than the cost of
public borrowing expansion of public investment &fécial. As such, we ar-
gue that policymakers should prioritize the protlitgt of public investment,
not just its level.

JEL Classification: E62, H50, H63
Keywords: Public investment; public debt; golden rule; Inaked budget rule.
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1. Introduction

Massive fiscal stimulus packages put in place i wWake of the recent
global financial crisis and subsequent increasgsiitic debt in many countries
have brought fiscal policy issues to the centertha& international policy
agenda. However, earlier, over the previous twades, the issue of optimal
choice for fiscal institutions had already beenagating wide interest. This
interest was mainly a response to sharp risesfioitdend debt levels in both
industrialized and developing countries during 1880s and 1990s, which
required corrective action. The issue of fiscalgyotiesign received particular
attention in Europe during the formation of the Mtary Union, for which
fiscal discipline was viewed as a prerequisite. Bitebility and Growth Pact
(SGP) was adopted in 1997 to make sure fiscalplisei was maintained, as
defin(lad by clear deficit and debt limits set outtie Maastricht Treaty of
1992.

One major criticism of the original SGP has tardete implications for
public investment. It has been argued that thesrafethe SGP seriously re-
strict policymakers' willingness and ability to canh public investment in
member countrieSCentral to these arguments has been the notiomptiwic
capital spending is intrinsically different fromhet types of public spending;
it has the capacity to enhance the future outpterpial of an economyAn
alternative fiscal rule that has been at the ceotdhe policy debate is the
“golden rule” of public finances followed by the UKne crucial difference
between the UK's golden rule and the SGP is imatlmevance for public in-
vestment in the former: it excludes public capéapenditures from deficit
targets. In contrast, the rules of the SGP trepitadaand current expenditure
as the same. This aspect of the SGP has been vigsvadmajor drawback,
especially given that public investment as a sb&mtput has been falling in
EMU countries since the 1970s and was almost Hatfat in the US at the
end of the 1990s (see, e.g., Blanchard and Giavagn4)* As a result, a

1 The original SGP had set deficit and debt limit3&6 and 60% of GDP, respectively. The
pact also had a uniform medium-term objective (MTW@hich required the member states to
aim for (or get as close as possible) to a balancedrplus budget.

Pereé and Valila (2005) present an empirical ingagon of the link between fiscal rules
and public investment in Europe.

See, e.g., Romp and De Haan (2007) for a surveheoiibk between public capital and
economic growth.

Potential consequences of subjecting public investnto the same fiscal constraints as
current spending have also been recognized byMte Having acknowledged the contri-
bution of public capital spending to a country'sife public revenues and growth potential,
the IMF has proposed new initiatives to promoteligiibvestment in countries under IMF-
supported programs (see, Hemming and Ter-minasai{4,).
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number of proposals have been put forward in fa¢@dopting a golden rule
in the eurozone instead of the framework specifigdhe original SGP (see,
e.g., Fitoussi and Creel, 2002; Blanchard and Gizy2004)’

In 2005, the SGP was revised when many countridading Germany
and France —had failed to comply with the rulestipaarly the 3% deficit
limit, over the 2002-04 period. Although thewSGP allows more budgetary
room to maneuver so that public investment canupeldd, it still aims at
(close to) a balanced budget over the medium tespecially for the euro
area® However, the unprecedented scale of the rescueges implemented
since the recent global crisis has led to a sicpuifi deterioration in budget
balances, especially in industrialized countriesanyl EMU countries, for
instance, continue to face severe challenges irimgethe fiscal costs of the
financial crisis without breaching the rules of tiewised SGP (see, e.g., Bé-
nassy-Quéré and Ribeiro, 2009). More recently,ofdihg the debt crises
faced by Greece, Ireland and Portugal, Europeaicypoadkers are consider-
ing tightening up the SGP in an effort to avertiiddal market panics (see,
for example, De Grauwe, 2011). This turbulent bagkgd raises the inevita-
ble question of how the members of the EMU willtprd public investment
while satisfying the requirements of tight fiscalaes. Safeguarding public
investment while maintaining fiscal sustainabilityalso crucial for the US,
where recent legislation introducing wide-rangirgalth-care reform and the
size of the fiscal stimulus package reignited tlebale over optimal fiscal
institutions’

Motivated by these observations, this paper prevale assessment of the
role of public investment in macroeconomic perfongc® under two fiscal
regimes: a balanced-budget rule with tax finana agolden rule with debt
finance. This is done by utilizing a simple two-pér policymaking model
that explicitly incorporates the productivity-enlsarg role of public invest-
ment. Our analysis differs in important ways froglated existing work,
which mainly focused on the effect of public inveent on long-run growth

5 An evaluation of various forms of golden rules MU can be found in Balassone and
Franco (2000).

5 More specifically, the revised SGP sets limits onritry-specific objectives—for eurozone
and ERM Il member states—ranging from 1% of GDPaditefor high potential growth/low
debt countries to close to a balanced or surplugdiufor low potential growth/high debt
countries. See ECOFIN Council (2005) for more detailshe revised SGP.

" Creel and Farvaque (2009) argue that, in the UStigiahs historically favored legal ac-
tions that resembled a balanced-budget rule rétiaera golden rule at the federal level.
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rates and/or fiscal sustainabilftyMost of the existing studies have investi-
gated growth performances under alternative fisegimes by using endoge-
nous growth models (see, e.g., Ghosh and Nolan/,28@d the references
cited therein). In contrast to our model, theselistido not take into account
the quality or the efficiency of public investmeMoreover, unlike in our
framework, monetary policymaking and hence the rrargeand fiscal policy
interactions were absent in such models. Thusjnipact of public invest-
ment on the inflation rate cannot be analyzed witthese models, making
them difficult to reconcile with the widely held I that fiscal rules are
eventually aimed at preserving price stabilityitathe case of the ).

Our analysis yields a number of interesting resuittscontrast to the ex-
isting studies, we show that the productivity oalgy of public investment
plays a crucial role in determining what happensm#xroeconomic perform-
ance after such spending has been expanded, uattelatbalanced-budget
rule and a golden rule. Furthermore, we find tlutpding a golden rule rather
than a balanced-budget rule does not guaranteepthmic investment will
improve economic outcomes. Our results suggestahigt when the rate of
return on public capital is greater than the cdgpublic borrowing will the
expansion of public investment be beneficial.

The rest of the paper is organized as follows.i&e@ sets out the basic
model, presents the characterization of equilibrinuicome, and provides a
discussion of the main results. Section 3 pregéetsverall conclusions.

2. The basic model

Consider the following two-period macroeconomici@ghaking model
that features explicit interactions between a fiseahority (the government)
and a monetary authority (the central bahkKpe government, acting through
the fiscal authority, controls the instruments istél policy—i.e., taxes and
public spending—while the monetary instrument,atifin, is controlled by an
independent central bank.

Preferences and output supply

To explore the implications of the policymakergastgic decision re-
garding the composition of public expenditure, vstidguish between two

Buiter (2001), for instance, analyzes the role gbllen rule on government's solvency and
fiscal stability but does not consider the rolepablic investment on macroeconomic out-
comes.

Different variants of this model are used, for epanby Beetsma and Bovenberg (1999)
and Ozkan (2000), among others.
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broad spending categories: investmeg’t)( and consumption d®). Public

investment spending consists of expenditure, f@mmgle, on infrastructure,
health and education that has a positive impacbwerall productivity. In
addition to these favorable consequences in futarads, public investment
spending also yields contemporaneous utility to pleicymaker. Current
utility also derives from current or consumptioresging, which consists of
public wages, current public spending on goods, @thér government ex-
penditure that may yield immediate benefits. Takagether, these suggest
that the preferences of the fiscal authority cardéscribed by the following
loss function:

o1& 1 T2 c %2 i N2
L =5 2R 10 + (%~ %) +,(97 9" + (g~ )] (D)

where L? denotes the welfare losses incurred by the goventyvr, is the

inflation rate, X, and X: are the (log of) actual and desired level of otjtpu

o’ (g;) and af(at) are the actual and desired public consumptioneétiv

ment) spending as shares of outpdjt, d, and J, represent, respectively, the

government's aversion to the deviations of irgkatipublic consumption and
investment spending from their respective targeth vespect to the devia-

tions of output from its target, an@; is the government's discount factor.
The target inflation rate is taken to be zerontticgate the desirability of price
stability.

Likewise, the preferences of the central bank eaddscribed as follows:
CB 1 t-1 v \2
L= = EZIBCB[/JJZ;Z +(% = %)] (2
t=1

where L® denotes the welfare losses incurred by the cebtmak, 4, is

the central bank's inflation stability weighf,; is the central bank's discount
factor. The independent central bank is more ceasge than the elected
government;/, > o, and it does not discount the future at as higate as

the elected governmenif3.; > ;. Also note that no terms relating to

gand gi enter the central bank's loss function, since ipudpending im-

pacts upon the welfare of the elected governmehinbuthat of the central
bank.
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Now consider a representative competitive firmrigcihe following pro-
duction function: X, = AN/, where X, represents outputN, represents

labor, A represents the level of productivity in peribdand0< )y <1. The
firm's profits are given byR (1-7,)AN/ -W,N,, where R is the price
level, W, is the wage rate, ang is the tax rate on the total revenue of the

firm in periodt.’® The representative firm chooses labor to maximizsits
by taking P, W, and 7, as given. The resulting output supply function is

. 1
given by a(p, + —a —w, —7,) + z, where lower-case letters represent logs,
4

eg.,.a=4Y1-y), In(1-7)=-r andz=alin(y).

Our formulation of the productivity effect of publinvestment is based on
Ismihan and Ozkan (2004) and is as folloas= a, + {g;_,, where >0."
Substitutinga, into the above given output supply function, tinenmalizing
output by subtracting the constant teret aa,/y, for simplicity” and util-

izing w, = p7, where superscript denotes expectation, yields the following
normalized output supply function:

X = a(m +yg, 7~ 1,) 3)

In equation (3),X is the normalized (log) outpur7® is expected inflation,
¢ (={ly) is a measure of the productivity or the qualifypablic invest-
ment, and other variables are as defined earlignation (3) suggests that a
rise in public investment it =1 raises output it = 2 through improved
productivity.

The government budget constraint creates the letlwden the fiscal and
monetary policies, which is formally given by:

10 It must be noted that is imposed on the firm’'s revenue and not on laggmnings. In a
more general framework, variations in tax rateshinajso have labor supply effects that are
absent from our model.

11 |smihan and Ozkan (2004) explore the real effettentral bank independence in a simpli-
fied framework that abstracts from public debt édesations. Ismihan and Ozkan (2011)
also use a similar framework but do not considergbiden rule of public finance.

12 This normalization (z+afa0/y: 0) of output supply function does not affect the
qualitative nature of the results derived in traper.
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g +0, +(1+r_)d,_, = k7 +7, +d, (4)

whered,_, denotes the amount of single-period indexed puigt issued
(as a ratio of output) in peridell and to be repaid in peridd r,_, represents

the rate at which it is borrowedl, is the new debt issue in peribdandk is

the real holdings of base money as share of ottp@n the left in equation
(4) are the outlays consisting of current publiosamption spending, public
investment and the current debt service. On thiet Bge the sources of fi-
nancing for these outlays: seigniorage, revenuestaxd new borrowing.

Equilibrium under the two fiscal rules

In what follows, we consider two alternative fis@akrangements corre-
sponding to a “golden rule” and a balanced-budglet The first is a simple
form of the golden rule that allows the policymakerun a deficit equal to
the amount of public investment. Such a rule ingptieat only public invest-
ment can be paid for by public borrowing, as gitsgn

d, =g (5)
A balanced-budget rule still applies to currentrglieg, which has to be
paid out of current revenues.

The second fiscal regime we consider is a balabcedet rule, where
public spending—both public consumption and pulrliestment—has to be
paid out of current revenues. Under this regime, libdget constraint takes
the following form:

gc+g =ki +1, (6)
where all variables are as defined earfter.

Under both regimes, the government and the cebtaak play a Nash
game in both periods, where the former's choicgadfbles consists of public

13 As is standard in the existing literature on monefescal interactions, we take the interest
rate, r, to be exogenous. Endogenizing r wouldirequodeling the financial sector, which
is beyond the scope of this paper. See, Ozkan €2@10) for an analytical framework in-
corporating the role of both demand and supply twms in determining the cost of public
borrowing.

14 For simplicity, we assume that the initial levelmfblic debt is zero. In practice, balanced-
budget rules require that public spending be etuplblic revenues, which does not neces-
sarily imply zero public debt. However, this sinfiglition does not affect the qualitative
nature of our results.
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spending (both the level and the composition) dedtax rate and that of the
latter of inflation. The model is solved recursivstarting fromt = 2. Both

d, and gti are chosen only it =1, given that both debt repayments and
return on public investment are due with one peldag andt = 2 is the final
period. Tables 1 and 2 present the equilibrium a@uts for the two fiscal
regimes, where the superscrifizR and BB are used to indicate outcomes

under the golden rule and the balanced-budgetmedpgctively (the details of
how the equilibrium outcomes are derived are prteskim the Appendix).

Table 1. Macroeconomic outcomes under the golden lei(GR)

gi R = dGR = l'IJ[O(_ X2 + gz) + gl]
1/
et = ”1 (— +g;)

—c 1/5 1- —
(gl—gl)GR o (Cx+g)

~

(xa = %)% = “(— +9;)

1 I —
nzeR:%[n(_h"'gz)_‘/legﬂ
cyor - 19

(9, -0 Z[I'I(—Xz+gz) wN‘Pgll
— 1/
(X2 - Z)GR——”[H(—Xﬁgz) TN
Note: {/, = (1+r)s_i+i+ IBG /BGSD,
a’ 9,

AN

=1.1.9 0 inﬂG W=1/(1+¢,06)>0

and M =1-¢,06¥ > 0.

Note that in Tables 1 and 2 outcomes are defineghps between the tar-
geted and the actual values of the relevant variaektept for inflation, where
the target value is 0. In what follows, we analylze qualitative effects of a
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rise in g; and gi by working out the implications of a rise ﬁllc and 5‘1 as
09,/ 66; andag, / 65‘1 are always positive.

Table 2. Macroeconomic outcomes under the balancduitdget rule (BB)

| 1- —cC 1- —cC —i
»= @[/J’G ([ Xx2+0,)=(%*0:)+3:Sg,]

1/ " 1- —c 1- —c 0. —i
7 = g’l[eﬁew(—xZ+gz)+q>(;xl+gl)1+fegl

1

—c BB 1/52 3
(9, -0;7)" = [@ﬁew(— X2+, )+q>(— X1 +;)]+ 5 @gl
(X0 %)™ —”—”[@ﬂew(—mg )+¢(—xl+g )1+—3@gl

s _ 1t - 3
® = ;‘[:(—Xz+gz)+ew(—xl+gl)17@wgl

1

s _ 110
>) 2[ (—Xz+92)+®w(—x1+gl)] ;ngl

2

(92 9,

ss _ 1/ 1- O, —i
(X2 = %) ——"[ (—xz+gz>+ew(gxl+gl>] Soyg,

N

Note: @ =1/(1+ J,S+ B ¢%), ®=1-0>0, ==1-08,¢*>0
N

andS, S and B are as defined in Table 1.

We now turn to exploring the macroeconomic outcomnader the golden
rule versus the balanced-budget rule. Outcomesmies in Table 1 suggest
that there are clear differences between the iapbics of current spending and
public investment. Given that, under the goldem,rplublic investment is fully
financed by public borrowing, this approach hasowetemporaneous effect on

macroeconomic performani':%;@nfR/aail = 0, d(g, —gf)GRlaail =0 and

15 This is also due to the assumption that the refiam public investment is due with a one-
period lag.
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6(;(1 - Xl)GR/aa1 =0. In contrast, current or consumption spendingtbdse

paid out of current taxation—either revenue or ithfation tax—and taxes
are distortionary; higher revenue taxes reduceudugnd higher inflation is
undesirable. Thus, as is seen from Table 1, pwolitsumption has an unfa-
vorable contemporaneous effect on macroeconomic forpesnce,

07°%ag, > 0 andd(x - x)°/dg, > 0.

The asymmetry between public consumption and publiestment does
not disappear even when both types of spending toeleel paid out of current
resources, as is the case under the balanced-budigeAs is clear from Ta-
ble 2, a rise in public consumption pushes upwarth lwurrent and future
inflation and brings about deviations of outputnfrits target. In contrast, a
rise in public investment improves economic outcema future,

109, < 0, d(x.—x,)®/dg, <0 and (g, - g5)*/dg, < 0. There
are two channels through which public investmenmhmmitted today affects
future outcomes. One is the direct effect; expamdimblic investment in

t =1 expands the productivity and thus the equilibriootput—and hence
the tax base—irt = 2. The greater the productivity coefficient,, the larger

the scale of output expansion fr= 2. This is the case under both debt and
tax finance. The second is the indirect effecsiag due to the implications of
servicing the public debt ih= 2 that was raised it =1 to pay for the pub-
lic investment; such implications only appear wigdgbt finance is involved.
Clearly, the first effect is favorable, and them®at is unfavorable. Neverthe-
less, a rise in public capital spending in thetfpsriod is only possible by
lowering public consumption in the same period undax finance,

agf‘BBldal <0 andd(g, - gf)BE’ldal > 0. Moreover, the balanced-budget

rule requires that public investment be paid forchyrent revenues, with ob-
vious distortionary consequences on inflation aotpat in the same period

(anfB/6§i1>O and 6(?(1—X1)BB/6§;>0). It follows, therefore, that the

cost of public investment falls on the first periodder tax finance and the
second period under debt finance.

A glance at the equilibrium of public investmentdenthe two cases sug-
gests that the golden rule is likely to be moregiment friendly (the first line
in both tables). This is because public spendirggh(ltonsumption and in-
vestment spending) is paid for out of current taxaunder the balanced-
budget case and is therefore constrained by teedeariod’s distortions. For
example, a higher output target in the first penieduires a lower tax rate,
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limiting the revenue base that the policymaker deaw on to pay for public
investment. Similarly, a policymaker with a gregteblic consumption target
would have less room to maneuver when trying towobhresources towards

public investment; thus?(l and 6; have negative coefficients in the expres-

sion for g, in the first row of Table 2. In contrast, undee tolden rule, pub-
lic investment is entirely paid for out of publiorbowing, and, hence, there is
no role for the first-period distortions in detemninig its level. In this case, the
unfavorable consequences of having to pay for pubirestment in the first
period is postponed tilt =2, and the impact of public investment on the
second period's macroeconomic performance depantisedoenefits of pub-
lic investment () relative to the costs of public borrowing«r,). Under the
balanced-budget rule, however, the cost of expangublic investment is
immediate, which limits the scope and thus the mi@k benefits of public
investment to future economic performance. It idelyj argued, for instance,
that myopic governments—such as those facing ati@tein the near term—
tend to favor current expenditures over publiestment, due to fiscal strin-
gency (see, for example, De Haetral.,1996). Indeed, such shortsightedness
is obviously more likely under the balanced-budg#e, with the inevitable
damaging effects on future macroeconomic outcomes.

Overall macroeconomic performance

What determines whether public investment improwggscroeconomic
outcomes over the whole period under the two cafabfe 2 suggests that a
rise in public investment under the balanced-budgket imakes for a better
overall macroeconomic performance{ff >1. This, in turn, requires highly
productive public investment projects. Propositibriormalizes these argu-
ments.

Proposition 1 Under the balanced-budget rule, a rise in publieastment

committed int =1 improves overall macroeconomic performanceit>1
holds, and vice versa otherwise

Proof. The derivatives of inflation, output and publimsamption gaps in

t =1 with respect to the public investment target ame/aa‘l = éG),
U

1
6(;(1—)(1)38/631:%6 and a@j—gf)BB/aal:%e. Similarly, in

2
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t=2, am®l9g. = -20w, a(x-x)®g. = %0y and
H a

- 8B A _ _ O
0(9,-9,;)" /09, = 5
2
AmBIdg, +0m®ag,,  d(xi—x)®/0g, +d(x2 —x,)*/dg,  and
a(ﬁz—gf)BB/0§;+0(§Z —gg)BB/aEl to be non-positively >1 is a pre-
condition.

oy. It therefore  follows that for

Under the golden rule, the overall impact of puldicestment would be
determined by the net productivity effegt, =¢ —(1+r,). This can be seen

in Table 1. The three values corresponding A6, (g, - g<)®® and

(;(2 —xz)GR are all unambiguously negative functions¢f,, suggesting a

favorable effect in the presence of positive nedpctivity. That is, expand-
ing public investment it =1 makes the policymaker better off ire 2 only

when ¢, > 0. Given that public investment had no contemporasesifect
under the golden rule, the condition for it to kooserall macroeconomic
performance is given by > 0. In contrast, in countries where return from
investment is low relative to the cost of publiciowing, ¢/, <0, expanding
public investment is likely to deteriorate the alemacroeconomic environ-
ment.

The below proposition formalizes these relationship

Proposition 2Under the golden rule, the higher public investmrigrih the
first period, the lower the inflation rate, publconsumption gap and output
gap are; hence, overall macroeconomic performasdeetter ify/,, >0, and
vice versa otherwise

1/’:1 w,W, and this

Proof. The derivative ofﬂ;SR with respect toa1 is —
derivative is unambiguously negative (positive) whg, >0 (¢, <0).
Similarly, the derivatives d(g, —g;)GR/aEl and 9(x. —XZ)GROE1 are

1 1
- /862 YW and —gt/lNLP, respectively, which are again negative (posi-
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tive) if ¢,>0 (@, <0). It is straightforward to show that
07®19g, +07E%0g,, 90 =) *10g, +d(x: = x,)*"/0g, and
6(§f—gf)GR/6§il+ a(az—gg)GR/aa‘l are unambiguously negative
(positive) when ¢, >0 (¥, <0), given that d7°%idg. = O,
0(9, - 6})*™/dg, = 0 andd(xu—x)/dg, = 0.

It is clear from the above propositions that undiet finance, policymak-
ers face a more strict requirement ¢ 1+r ) for public investment to be

seen as demonstrably advancing national macroedonmenformance over
the whole period, compared to tax finance (for \Whice relevant condion is

W >1).

However, it must be noted that, in an environmehem® interest rates
vary with the borrowing requirement and the lendtogditions, the impact of
public investment on the overall macroeconomic aoie would be less clear-
cut. We would expect that, when interest ratesirisesponse to higher bor-
rowing, additional public investment could only fianced with higher pro-
ductivity, as compared with the exogenous interatt case. This is all the
more true under debt finance.

3. Concluding remarks

What does this analysis suggest for the relevahgev®ernments’ policies
on public investment spending? We have two maialtes=irst, we show that
the golden rule of public finance is likely to beoma public-investment
friendly than the balanced-budget rule by allowthg policymaker to borrow
for it, delaying the unfavorable cost implicatiohwever, we also find that
adhering to the golden rule rather than the balubcelget rule does not
guarantee that public investment will improve eaoitooutcomes. We show
that expanding capital spending under the goldém iraproves macroeco-
nomic performance only when its productivity copfiion exceeds the cost
of public borrowing. This, in turn, implies thatetlgolden rule necessitates
higher returns from public investment projects, pamed to the balanced-
budget rule, in order to yield favorable overallameconomic outcomes. As
such, we argue that policymakers should aim to meedn@he productivity of
public investment, not just its level. Thus, ousuks point to the importance
of well-functioning public financial management ®ms with proper mecha-
nisms for appraisal, selection and monitoring obljguinvestment projects.
Indeed,this has been widely advocated by the prqsnof reforming the
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SGP in favor of a golden rule in the eurozone. TMIE's recent proposals for
providing help to countries under IMF-supportedgpemns in project evalua-
tion is also based on the recognition of this pplec Overall, our results indi-
cate that a properly functioning public financigisem committed to the
quality of public investment projects is essenfidlis is also relevant for the
long-term macroeconomic consequences of the fitalulus packages that
involve substantial public investment components.
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Appendix
Derivation of the equilibrium outcomes under tloédgn rule

In this decentralized policymaking framework, ttevgrnment and the in-
dependent central bank play a Nash game in botiodserMore formally,
after the nominal wages are set, both the fiscdl raonetary authorities act
simultaneously to choose their respective instrusen

Solution int =2

The central bank chooses inflatiorr,() to minimize the welfare losses in
t = 2, taking the government's action and expectatiasigjiven:

/11775 + (Xz — X2 )2

(A1)

1
2
Combining the first-order condition (FOC) with thatput supply function
and, then, rearranging far, yields the following reaction function of the
central bank:
-_a

e AT Ty xe] (A2)

7T,

Likewise, the government minimizes its in-perioddes with respect to
7,and g; subject to the budget constraint and output sufiphgtion by

taking the central bank's action and expectatiengieen (note thag' and
d are not among the choice variablesm 2). Also note thatgl =d, (due

to the presence of the golden rule), and they akent as given it = 2.
Hence, by substituting output supply function itite loss function irt = 2,
the final-period Lagrangean of the policymaker barwritten as follows

1 i o c_ ¢
£, :5[51772? +(a(m+yg, - 15 - 1,) _X2)2 +0,(9; 92)2]

+/]2(g§ +(1+ rl)gi -7, _kﬂz) (A3)

where A, is the Lagrange multiplier associated with the eggoment's
budget constraint in the final period.
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The FOCs forr,and g, can be written, respectively, as follows :
—a(a(m, +l//gl —7,)~ X2) A, (Ad)
—C
%,(9,~-9;) = 4, (A5)
Eliminating A, from the above two-equation system yields theofaihg:
= _[a(ﬂz YL -7 - 1,) ~ Xl + 0, (A6)

Combining (A6) with the budget constraint yielde thovernment's reac-
tion function, as in the following:

=@ KT+ @+ S, g-a T —axe + 5,07] (A7)
2

After imposing the rational expectations conditide. 7z, = 77,) on the

above two reaction functions, equilibrium valuesrnf and 72 are obtained.

Similarly, it is straightforward to solve for edjbitium values ofg, and x,
by using the budget constraint and output supphction. Thus, the second

period outcomesyr,, (;2 -X,) and (5: —g5), in terms of the first period's

public investment gi), can be written as follows:

1/,u1 1-

= (gz+_ 2_ngl) (AS)

e 116 1-

(9,-03) = 2(92+ X2 = G1) (A9)

&z—xz)=1’?”(g + L% -pg) (A10)
a

where S—i+i+L andg, =d,
a’ o i
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Solution int =1
The central bank and the government play a Nashegant =1 as in

1 —
t = 2. The central bank chooseg to minimizeE[,ulﬂf +(x, —X)?]. Rear-

ranging the FOCs forz; yields the following reaction function of the ceait
bank,

a —
m=——[a(m +1,)+ X (A11)
1 ,U1+a2[ ( 1 1) ]
Similarly, the fiscal authority chooses, g; and gi to minimize its in-
tertemporal loss function, taking the central bamdction and expectations as
given. Formally, by substituting the equilibriumlvas fromt =2 and the

output supply function into the fiscal policymakemtertemporal loss func-
tion int =1, the first-period Lagrangean can be written a®vw:

£, = J187 +(@UR -7 1) =%’ +&,(05 - 6,)° + &,(0) - 9,)]

O

S - . i c
t(U2)Pe 7 (la+ g, ~Yn9)° +A(gf — 1, — k) (A12)
where A, is the Lagrange multiplier associated with thedmictonstraint
in the first period and S= iz +i +£ , S'= i2+i +% and
a oJ, a o, #“
Yy =¢—(1+r).
The FOCs forr,, gf and gi can be written, respectively, as follows,
—a(@(m -1 -1)~x) = A (A13)
ACETREN (A14)
o — SD — —c .
53(91_91):‘//Nﬂeg(lea"'gz_ngi) (A15)

The equilibrium outcome fogi is directly derived from (A15). In order to
derive the equilibrium outcome for the rest of Magiables int =1, initially,
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A, is eliminated from (A13) and (Al14), and then tla¢ianal expectations

condition (i.e. 7z = 71) is imposed. Finally, combining the resulting equa
tions with the budget constraint and the outputpugunction yields the
equilibrium outcome fog;, 7z, and X, in the first period appearing in Table 1.

Derivation of the equilibrium solution under thalénced-budget rule

The equilibrium outcomes under the balanced-budget—as shown in
Table 2—can be derived by following the same praceds above, utilizing

the relevant budget constrairgy + g; = K7z, +7, .
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Turkiye Ekonomisi Icin Beseri Sermaye ve Bilgi
Sermayesi Birikimine Dayall Bir icsel Bilyiime Modeli
Ering Yeldan

Ozet

Bu calsmanin amaci Turkiye ekonomisinin dinamiklerininasuzun do-
nemde izlenmesine olanakgtayacak bir icsel buyime modeli kurgulamaktir.
Model, buylmenin kaynaklarini, ge¥i sermaye birikimi ve bilgi sermayesi
(Ar-Ge) birikimini i¢csel olarak ¢ozmek Uzere elurulmustur. Model c¢als-
masinin temel vurgusu kamunugitem ve bilgi sermayesi yatirim harcamala-
riyla, 6zel sermaye gruplar tarafindan yurutulédgi lsermayesi ve agir-
maJ/gelitirme yatinm davraglar arasindaki tamamlayicilik gkisine da-
yanmaktadir. Boylece Turkiye ekonomisinin biyumeadniklerini ayrgtir-
may! amaclamaktadir. Model yardimigia soruya somut yanitlar ararytm:
bltce kisiti altinda hareket eden kamu idaresimsge birikimini ve iktisadi
blyumeyi artirmaya yonelik olarak dncelikle hangtiateye destek gta-
malidir: begeri sermaye maliyetlerinin desteklenmesi mi, yoksé&e yatirim
maliyetlerinin desteklenmesi i

Model bulgularina gore devlet degit@n sadece @tim harcamalarini te
vik etme stratejisi, ulusal gelirde ilk gga olumlu bir etki yaratmakta, ancak
bu etki uzun dénemde zayiflamaktadir. Sgitie yatirimlarinin tevik edil-
mesine dayali bir kamugek programindan beklenen olumlu sonugclarin orta-
uzun dénemde zayiflamasinin tespiti modelin en dinealgusu olarak goze
carpmaktadir. Bu gozlemler altinda, devlet kaynaktekleme stratejiiisa-
orta donemde @tim tesvikleriyle olwturulurken, orta-uzun dénemde Ar-Ge
yatirnmlarinin 6zendirilmesiyle birjéirilerek hibrid bir programin amaclan-
masidaha uygun gozikmektedir.

JEL Kodlari; 041, 032, 125

Anahtar kelimeler: i¢sel biiyime; bgeri sermaye; Ar-Ge; genel denge; Tur-
kiye ekonomisi; kamugtim ve Ar-Ge politikalari.

Bu calsma TUBTAK Hizli Destek Programi cercevesinde 110K057 wmgiroje kap-
saminda desteklengtir. Yazar, stz konusu proje degitdcin TUBITAK'a; galismanin
¢esitli asamalarinda deerli goris ve elatirilerini esirgemeyen Ebru Voyvoda, gra Saglam
ve Caacan Dger'e; Ekonomi-TEK dergisinin editérii sayin Ercanduya ve iki hake-
yuriten argtirma asistanlari Filiz Ozge Yaiba ve Giing Kolsuz'a tgekkiir borgludur.

" Yasar Universitesi, Bornovdzmir. erinc.yeldan@yasar.edu.tr
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An Applied Endogenous Growth Model with Human and
Knowledge Capital Accumulation for the Turkish
Economy

Abstract

The main objective of this research is to analym @ssess the interactions
among knowledge-driven growth, acquisition of hunsapital, and strategic
public policymaking for the Turkish economy withime context of a general
equilibrium model. This model aims to investigadtege policies that are con-
sidered to foster the development of human cafsiath as investments in
education) and enhance total factor productivitpaigh direct investments in
fixed capital and innovation (such as subsidiesR&D activities). Through
this model, we seek answers to the following qaersfor a government with
significant budgetary constraints, which type obl subsidization policies
are more conducive to enhancing economic growthcamital accumulation:
promotion of human capital formation through subesdto education, or
promotion of new R&D advances through subsidieRi&D activitie®

According to the model findings, a single-focusatdgy of subsidizing
only the education sector in order to promote hurepital formation falls
short of achieving desirable growth in the mediwridng run. In fact, the
growth and welfare results will be disappointingigak unless increased hu-
man capital leads to a rise in the number of rebepersonnel employed in
the R&D sector. That being the case, it can be eatginat public policy
should be directed toward R&D promotion in the medito long term, to
complement an emphasis on education that is aimesustaining human
capital formation.

JEL codes: 041, 032, 125

Keywords: Endogenous growth; human capital; R&D, generallibgium,
Turkish economy; public policy for education and R&
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1. Giris

Bu calsmanin amaci Turkiye ekonomisinin dinamiklerininasuzun do-
nemde izlenmesine olanakgtayacak bir icsel buyime modeli kurgulamaktir.
Model, blyimenin kaynaklarini =i sermaye birikimi ve bilgi sermayesi
(Ar-Ge) birikimini icsel olarak ¢ézmek lzere kurgaistir. Model calsmasi-
nin temel vurgusu kamunuggigm ve bilgi sermayesi yatirirm harcamalariyla,
O0zel sermaye gruplan tarafindan ydritilen bilgrnseyesi ve ardir-
ma/gelstirme yatirrm davranlari arasindaki tamamlayicilik gkisine da-
yanmaktadir. Boylece Turkiye ekonomisinin blyumaeadiiklerini ayrgtir-
may1 amagclamaktadir.

Sadece fiziksel sermaye birikimine dayali bir biyimodelinin strdiru-
lebilir nitelikte olmadg! artik bilinen bir gercektir. Solow (1956) gathasin-
dan bu yana bilinen bu gercek, sermaye birikimirigfeki en énemli engelin
azalan getiri oranlan olgunu ortaya koymaktadir. Nitekim yeni-iktisadi
blyume yazini @tim, bilgi (Ar-Ge) ve dger sosyal altyapi harcamalari ile
milli gelirin bdylumesi arasinda @goudan ve kuvvetli ikkiler bulundigunu
goOstermektedir. gtim yatirimlar sgicunin verimlilgini dogrudan yikselt-
mekte ve sirdurdlebilir bir blyume icin dnemlisghlliklar sglamaktadir.
Buna ek olarak, 6zel sektdr ve kamu sektori tadahnyiritilen Ar-Ge faa-
liyetleri, bilgi donanimini yukselterek sermaye ikimine yol a¢cmaktadir.
Bdylece iktisadi buyime biribirini etkileyen iki aaktan beslenmektedir:
Egitim ve Ar-Ge sermayesi birikimi. Kgkusuz, her iki eylemin de birbiri
Uizerinde carpraz gdim etkisi vardir. Bilgi dahilindeki agtuirma faaliyetleri-
nin sonucunda farkhiariimigs sermaye mallarinda aytelde edilmekte; bir
diger deysle teknolojik gelsmeyle birlikte bir dizi farklilatiriimis sermaye
malinin da cgtlili gi artmaktadir. Her bir "sermaye mal girdisi", niludarak
Ar-Ge aktivitesi sonucunda elde edifniir patent ya da tasarim ilegKilidir.
Teknolojik da&ilma etkisi fiziksel sermaye yatirimi ile gk beseri sermaye
edinimi ve Ar-Ge faaliyetleri "cgtlilik ile 6 grenme" (earning via varietiep
aracglyla oluturulmakta ve her iki aktivite sonucu gan bilgi birikimi de
kamu politikalarina kar duyarhlik gostermektedir. Caianin ana odak
noktasini da bu tir ghalliklarin icerilmesine yonelik en uygun kamusas-d
tek politika aletlerinin tespiti ve goreceli etkigilkonulari olgturmaktadir.

Yeni buyime teorisindeki gefneler, tlkelerin verimlilik, ki basina gelir
ve blydme orani gibi makroekonomikgikkenlerindeki farkliliklari acikla-
makta, bgeri sermaye ile bilgi sermayesi (Ar-Ge) birikiminimemini belirt-
mekte ve vurgulamaktadir. Bir kisim teorilersée sermayenin dahil edilme-
siyle daha gegibir anlam kazanan sermaye birikimini, ekonomik dxingnin
itici gticl olarak gérmekte ( King ve Rebelo, 1998 Romer, 1989); bir der
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yaklasim ise dgsal ekonomilere blylume sirecinde 6nemli bir romedttedir.
Bu modellerde her firmanin fiziksel (Arrow, 196X%ya begeri (Lucas, 1988)
sermaye yatirimi, dolayl olarakgdir firmalarin sermayelerinin verimigline
de katki yapar. Romer (1990), Grossman ve Helpni®@91), Aghion ve
Howitt (1992) tarafindan 6nciii yapilan tcinci yakjan ise bgeri serma-
yenin yeni teknolojilerin gedimesi ve benimsenmesi kanaliyla blylimeyi et-
kilemesine odaklanmaktadir. S6zi edilen yazarlacig yoldan gidenyeni-
blyume yazinbilgiye dayali ekonomi kallarinin temsilinin énemine daya-
narak, 6zel sanayi Uretim faaliyetlerinin, sermapggitlili gi Gretiminin ve
teknik beceri daliminin buyimeye onculik egii analitik modeller gelitir-
mektedir.

Egitime yoOnelik kamu harcamalari ve 6zel harcamakar ywl OECD (il-
kelerinin konsolide gayri safi yurt ici hasilasif@SYH'nin) ylzde altisindan
fazlasini olgturmakta, ya da kabaca 1,550 milyar ABD dolarirerabktadir
(Temple 2001a ve 2001b). Avrupa BiliLizbon Stratejisi (2005) de beri
sermaye ve AR-GE'ye daha fazla yatinm yapma gerénemle vurgula-
maktadir. Benzer bicimde, OECD verileri sadegiirae yonelik kamu har-
camalarinin énemini vurgulamakla kalmayip, ayni aada devletin @tim
hizmetlerinin de birincil sglayicisi oldgunu gostermektedir (OECD, 2008 ve
2011). Son olarak, bircok gghnekte olan llkedegitim, yoksullusu azaltma
ve sirdurdlebilir ekonomik biyime icin bir dnceldtarak goérilmektedir.
Barro (1991), Tanzi ve Chu (1998), Jung ve Thorbe2003) ve Sequiera
(2000) ekonomik buytmeyi artirmadgitemin ve yapilan kamu harcamalari-
nin boyut ve etkinfiinin 6nemini vurgulayan c¢aimalar arasindadir.

Ozet olarak, bu ¢aima yukarida d#nilen iktisat yazini dgrultusunda (¢
ana amag etrafinda diizenlegtini

1) Turkiye ekonomisi icin maliye vez#im/Ar-Ge politikalarinin analizin-
de kullanilabilecek bir kiigik ve @ acik ekonomi, dinamik genel denge mo-
delinin kurgulanmasi;

2) Bu modelleme cercevesinden yararlanarak kamuneugi ve harcama
politikalari ile &itim ve argtirma-gelstirme tevik politikalarinin bitce ki-
sitlari altinda iktisadi buytme kriterleri dikkeagnarak sinanmasi;

3) Piyasa ekonomisi dengeleri ve optimizasyon daslar! altinda 6zel
sektor ve kamu sektorll arasindaki regulasyon, kegrgjrme, tgvik ve yati-
rim iligkilerinin Turkiye ekonomisinin orta-uzun dénem binyg hedefleri
acisindan analizi.

Bu amaclar dgrultusunda, ¢cagmanin temelini olgturan model, iktisat
yazininda i¢sel (endojen) blyume konusunda katkiudanan iki ana yakla-
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simin, Lucas (1988) ve Romer (1990), analitik kueguia dayanmaktadir.
Her iki analitik yaklgaim da buyimeyi teker teker ayri unsurlarglamakta-
dir. Bunun da 6tesinde, ekonomik faaliyetler buylyagininda ¢gunlukla
soyut iktisadi modeller Gzerinden kurgulanmakteovialama (representative)
bir tiketici sahis Gizerinden ¢amaktadir (bkz. Cass, 1965). Burada kurgula-
nan model ise gercek veriler Gzerinden ve kalkirtenadtan bir Ulke olarak
Turkiye ekonomisinin genel anlamda makroekonomikllidderini ve hete-
rojen yapisini koruyarak irdelemeyi amaclamaktadir.

Kullanilacak model, "hesaplanabilir genel dengeG@®) yaklaimi cerce-
vesinde ulusal ekonominin Uretim (gelirlerin yadragasi), talep bilgenlerini
piyasa ekonomisi kisitlari altinda benzetimlemekteldodelde dort Gretim
sektort, formel (bgeri sermaye) ve enformedguicti kategorilerinden ofan
emek piyasasl ve kamu sektdr dengeleri cebirsdtleter araciigyla ay-
nstiriimaktadir. Uretim surecigitilmi s/vasifli isgiicti (bgeri sermaye), basit
isgucu ve fiziksel sermaye mal girdilerinin kullahgd geniletilmis Cobb-
Douglastipi Uretim fonksiyonuyla betimlenmektedir. Seldbiiretim fiziksel
sermaye birikimine b#i olarak artmaktadir. Fiziksel sermaye ise anciftyi b
sermayesinin (Ar-Ge) sirdirdlmesi ile mimkin olradkt. Bilgi sermayesi
yatirimlari oligopolist nitelikli Sumpetergil) §letmeler tarafindan surdurul-
mekte, monopolist karlar Ar-Ge yatirim harcamalafimanse etmektedir. Bir
yandan da ortaya c¢ikan sabit maliyetler fiziksehsgye birikiminde oOlcge
gore artan getiri yaratmakta ve biyimenin i¢selaidairdurilmesine olanak
sagglamaktadir. Modelde farkhi@uriimis sermaye mal  Uretimi  sektorl
monopolisttir ve telif haklarina sahip ollu patentleri kiralayarak kazang
elde ettgi varsayilmaktadir. Monopolist olarak segtiklerrsaye kira bedeli,
nihai mal Gretimindeki marjinal Grindn Ustindedu kira bedelleri, yatirm-
cilari, tasarimlari elde etmek icin gereken 6n yediliyatirmaya tevik eden
odullerdir. Bundan dolayi, kendinden dnceki modetjdi, bu model de ¢
noktada piyasa tokezlemesini gerektirmektedir: iasairetimindeki kaynak
dagihmi etkisi, bgeri sermaye okumundaki kaynak dalimi etkisi ve fark-
lllastirilmis sermaye mali Uretiminde tam rekabet ortaminirkégsi

Bilgi sermayesinin birikimi ayni zamandasee sermayenin Uretilmesine
dayanmaktadir. Beri sermaye hanehalklarinin dinamik, dénemler atiasi
ketim optimizasyonu davragharina b&l olarak icsel olarak ¢ozulmekte; bir
yandan da kamu sermayesinirgsail etkileriyle beslenmektedir. Boylelikle
iktisadi blylumeyi sglayan ¢ ana unsur ortaya ¢ikmaktadir: bilgi seesay
birikimi, beseri sermaye birikimi ve kamu sermayesi birikimi. ridardan ilk
ikisi ©6zel yatirmcilarin piyasa fiyatlarinin  kisiti altinda rasyonel
optimizasyon davrasglarina, sonuncusu ise kamunun orta/uzun vadedeki Ar
Ge tavik ve aiitim sermayesi yatirimlarina gladir. Boylelikle bu cagmada
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kullanilan makro genel denge modeli, hem 6zel séktdptimizasyon gele-
rini, hem de kamunun stratejik blyime hedeflerinidbaya getiren 6zgin bir
planlama yaklggmini kurgulamaktadir.

Mevcut calsmanin en ayird edici 6zddii kullanilan metodolojinin ampirik
calismalara ve iktisat siyasasi 6nermeleringrddan olanak sunmasidir. Bi-
yime yazininda yer alan yaklmlar genelde analitik ve dolayisiyla soyut
dizeydedir. Teknik modelleme cabalarinin ampirikrak gercek bir veri
setinde uygulanmasi ve uzun donemli bir dinamikejelenge modeli aracili-
glyla irdelenmesi daha az rastlanir katkilardantemple (2001a ve 2001b),
Diao vd. (1999), Diao vd. (2005), Fougere vd. (2008 Fougere, Mercenier
ve Marette (2007) bu konuda 6ncii ygktalar arasindadir.

Statikgenel denge modelleri Turk iktisat yazininda daheeleri de cgtli
konular Gzerine agaairmalarda iga edilmitir. Ancak, Turkiye ekonomisi icin
Cass-Koopmans-Ramsey  tipi  tuketim  patikasi  esgeflmesine
(consumption smoothipglayanan dinamik genel denge modeli uygulamasi
iceren analitik uygulamali genel denge modelleduéta az sayidadir. Diao,
Roe ve Yeldan (1998) modelleme galasi Tirkiye’nin maliye politikasi
altermatiflerini; Voyvoda ve Yeldan (2005a, 200%g kamu borcunun stir-
durdlebilirligi icin alternatif politika seceneklerinin nesillarasi refah etkisini
icsel ve d¢sal biylme modelleri cercevesinde incelemektedir.

Calmanin bundan sonraki bolimleri sobaslik altinda tasarlanrgiir.
Bundan sonraki ikinci bélimde Tirkiye ekonomisiinGe ve beeri ser-
maye verileri tanitiimakta ve Turkiye ekonomisituilyime yol&inin karak-
teristik dzellikleri tartgilmaktadir. Modelin analitik cebirsel kurgusu Gclinc
bolimde tanitiimakta; politika analizleri ise dondii bolimde strdirilmek-
tedir. Calgmanin bulgulari bgnci bolimde 6zetlenmektedir. Cebirsel mode-
lin kullandigl veri seti ve kalibrasyon stratejisi EK bélumdéndaletayli ola-
rak tanitilmaktadir.

2. Turkiye Ekonomisinde Ar-Ge ve Bgeri Sermaye
Birikiminin Ana Ozellikleri

Tlrkiye, Ar-Ge yatirirm harcamalari bakimindan tipik gelsmekte olan
Ulke gorunumi sergilemektedir. Devlet Planlamgkilati'nca (Kalkinma
Bakanlgi) yayimlanmg olan2011 Yih Ekonomik Prograrna gore 2008 yili
itibariyle Ar-Ge harcamalarinin GSYH icindeki pakyiirkiye’de yizde 0.73
iken, bu oranin AB-27 ortalamasinin yiizde 1.9 gldgoérilmektedir. Ozel
sektor tarafindan gercekteilen Ar-Ge harcamalarinin toplam Ar-Ge harca-
malarina orani 2005 yilinda yizde 33.8 iken bu d28608 yilinda yizde
44.2'ye ylUkselmitir. S6z konusu oranin AB-27 ortalamasinin ylizde7 63
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oldugu disunadlurse, Turkiye'de 6zel sektdrin Ar-Ge talebiamiriimasinin
Onemini korudgu gorulecektir.

Ayni veri kayng&ina gore, 2007 itibariyla Turkiye’de Ar-Ge persanel
toplam istihdamin ytzde 0.56’sini glurmaktayken, bu oran AB-27 (lkele-
rinde yizde 1.57°dir. Turkiye'de tam zamagdezeri (TZE) cinsinden toplam
Ar-Ge personelinin 2005'te ylzde 30.4'U 6zel sek&iafindan istihdam edi-
lirken, bu oran 2008'de ylizde 40.8’e ciktm. AB-27 Ulkelerinde ise toplam
Ar-Ge istihdaminin yizde 52’sinin 6zel sektdrceayddigl gorilmektedir.
Tarkiye'nin bilim ve teknoloji tretimi alanina gkin temel gdstergeleri Tablo
1'de 6zetlenmektedir.

Tablo 1. Tarkiye'nin Bilim ve Teknoloji Alanindaki Temel Gostergeleri

2004 2005 2006 2007 2008

Ar-Ge Harcamalarinin GSYlitindeki Payi 0.67 0.79 0.76 0.71 0.3
Gayri Safi Yurtici Ar-Ge Harcamasi!

(Milyon TL, 2003 Sabit Fiyatlariyla) 2,564.6 3,143.4,283.6 4,200.7 4,447[1
Gayri Safi Yurtici Ar-Ge Harcamasi

(SAGP*, Milyon ABD Dolarr) 3,653.0 4,373.0 4,883.0 6&%F 7,034.0
Kisi Basina Den Ar-Ge Harcamasi

(SAGP*, ABD Dolari) 514 60.7 69.2 93.2 98.4

Sektorlere Gore Ar-Ge Harcamasinin Payi (%)
Yilksek Ggretim  67.9 54.6 51.3  48.2  43|8

Ozel Sektor 24.2 33.8 37.0 41.3 44.2

Kamu Sektori 16.0 17.9 17.8 15.1 14.7

TZE Cinsinden 10 bin kiye disen Ar-Ge
Personel sayisi 18.1 204 245 30.6 31.7

*SAGP: Satin Alma Gicu Paritesi
Kaynaklar: DPT, 2011 yih Ekonomik Programi, Tab IV.26; T,
www.tubitak.gov.tr

Tablo 2'de icerilen ilave bilgi secilmiOECD LUlkeleri icin Ar-Ge harca-
malarinin yakin gecrtieki trendini ayrgtirmaktadir. Tablo 2'de icerilen ve-
riler OECD ulkelerinin bir grup olarak 2006’da taph argtirma ve gektir-
meye 817.8 milyar dolar harc&thi gostermektedir. Bu toplam o yilin milli
gelirler toplaminin % 2.26'sin1 ojturmaktadir. Ar-Ge harcamalarinda énde
gelen tlkeler, ikiskandinav refah devletsveg (% 3.73 ile) ve Finlandiya (%
3.41 ile) olup, onlari Japonya (% 3.39 ile) ve Giik®re (% 2.23 ile) takip
etmektedir. En diik Ar-Ge paylari Guney Avrupa cevre Ulkelerinde g6z
lemlenmektedir: Tarkiye, Yunanistan ve Portekizrdpa'nin gegi ekonomi-
si olarak adlandirilan ekonomilerinin, 0zellikle |®wya, Romanya ve
Slovakya ve Meksika'nin milli gelirlerine gore gik Ar-Ge paylarina sahip
olduklarini gézlemliyoruz.
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Tablo 2. Uluslararasi Karsilastirma: Ar-Ge Yatirim Harcamalari ve
GSYH igindeki Pay

ArGe Harcamasi  ArGe Harc./GSYH ArGe Harcamasi  ArGe Harc./GSYH
Ulke/ekonomi (milyon SGP$) (%) Ulke/ekonomi (milyon SGP$) (%)
(ABD (2006) 343,747.5 2.62 Danimarka (2006) 4,651.6 2.43
Norveg (2006) 3,686.2 1.52
G-7 iilkeleri (2006) 667,911.1 250 Gek Cumhuriyeti (2006) 3,489.1 1.54
Avrupa Birligi-27 (2006) 242,815.6 1.76 Polonya (2006) 3,110.0 0.56
irlanda (2007) 2,490.4 1.33
OECD, tiimii (2006) 817,768.9 2.26 Portekiz (2006) 1,839.5 0.83
Japonya (2006) 138,782.1 3.39 Macaristan (2006) 1,831.3 1.00
Almanya (2006) 66,688.6 253 Yunanistan (2006) 17346 0.57
Fransa (2006) 41,436.2 211 Yeni Zelanda (2005) 1,189.3 1.16
Guney Kore (2006) 35,885.8 3.23 Luksemburg (2006) 542.1 1.47
Birlesik Krallik (2006) 35,590.8 1.78 Slovakya (2006) 467.1 0.49
Kanada (2007) 23,838.9 1.89 izlanda (2005) 293.0 278
italya (2005) 17,827.0 1.09
Ispanya (2006) 15,595.7 1.20 Diger Ulkeler
Isveg (2006) 11,815.3 373 Gin H. Cumh. (2006) 86,758.2 1.43
Avustralya (2004) 11,698.1 1.78 Rusya Federasyonu (2006) 20,154.9 1.08
Hollanda (2006) 9,959.0 1.67 Tayvan (2006) 16,552.9 258
Avusturya (2007) 7,865.3 2.52 Israil (2006) 7,985.1 4.65
Isvigre (2004) 7,479.2 2.90 Singapur (2006) 4,782.5 231
Belgika (2006) 6,472.4 1.83 Gliney Afrika (2005) 3,654.3 0.92
Finlandiya (2007) 6,283.3 3.41 Arjantin (2006) 2,317.9 0.49
Meksika (2005) 5,919.0 0.50 Romanya (2006) 1,066.8 0.45
Turkiye (2006) 4,883.7 0.76 Slovenya (2006) 784.1 1.59

NOT: Veri yili parantez icinde verilntir. israil verisi sadece sivil ArGe harcamalaringkitdir.
Kaynaklar : OECD, Main Science and Technology Indicator (20p8\ational
Science Foundation, Division of Science Resourtags8cs

Bu surece kgut olarak Turkiye’de TZE Ar-Ge insagglcunin dizenli bir
artis icinde oldgu, ancak s6z konusu arh hentiz arzu edilen diizeyin olduk-
ca gerisinde oldgu gozlenmektedir (Bkzekil 1).

Sekil 1. Kisi Basina Ar-Ge Harcamasi (SAGP, Dolar)
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Egitim harcamalari ulkeler arasinda buyuk farklirktgstermesine keain,
yogun bir harcama kalemi olarak goze ¢arpmaktadiregmnOECD (lkeleri-
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nin bir battn olarak (kamu ve 6zel fonlar dahil ekrizere) gitim sektoriine
milli gelirlerinin ortalama ylzde 6.1'i oranindarbama yapnsi oldugu goz-
lenmektedir (OECD, 2011). Turkiye'nin kalastirilabilir verileri 2004 yili
icin mevcuttur. Bu dénemde Turkiye'de kamgitien harcamalarinin milli
gelire orani yuzde 3.12 olarak verilmektedir. Sonksu oran OECD (lkele-
rinin oldukca altinda seyretmektedir (Bkz. Tablo 3)

Tablo 3. Kamu Kesimi Egitim Harcamalarinin GSMH icindeki Pay1 (%)

Ulkeler 2004 2005 2006 2007 2008
ABD 5.51 5.27 5.61 5.45 5.46
Almanya 0.00 0.00 4.40 4.49

Arjantin 3.78 0.00 452 4.93 5.39
Avusturya 5.52 5.48 5.45 5.37 5.46
Belcika 5.96 5.93 6.00 6.02 6.46
Birlesik Krallik 5.23 5.42 5.55 5.47 5.42
Brezilya 4.01 4.53 4.95 5.08

Cek Cumhuriyeti 4.37 4.26 4.60 4.20 4.04
Cin

Danimarka 8.43 8.30 7.97 7.83 7.75
Finlandiya 6.43 6.31 6.19 5.90 6.13
Fransa 5.81 5.65 5.58 5.59 5.58
Glney Afrika 5.28 5.28 5.29 5.27 5.09
Hindistan 3.40 3.13 3.09

Hirvatistan 3.87 431 4.27 4.02 4.44
Hollanda 5.46 5.48 5.46 5.32 5.46
Irlanda 4.70 4.75 4.76 4.90 5.62
Ispanya 4.25 4.23 4.27 4.35 4.62
Israil 6.35 6.11 6.08 5.90 5.92
Isveg 7.09 6.89 6.75 6.56 6.74
Isvigre 5.91 571 5.46 5.18 5.37
Italya 4.58 4.43 4.73 4.29 4.58
Japonya 3.66 3.52 3.48 3.46 3.47
Kanada 4.93 4.92 477
Kazakistan 2.26 2.26 2.63 2.83

Kolombiya 4.08 3.99 3.89 4.06 3.94
Kore 4.36 4.15 4.22 4.23 4.80
Kuba 10.27 10.56 9.06 11.87 13.63
Malezya 5.92 7.48 4.66 4.53 4.11
Meksika 4.87 5.01 481 481

Norveg 7.47 7.02 6.55 6.76 6.44
Polonya 5.41 5.47 5.25 491

Portekiz 5.16 5.23 5.09 4.89
Romanya 3.29 3.48 0.00 4.28

Rusya 3.55 3.77 3.87 4.09
Turkiye 3.12

Yunanistan 3.82 4.04
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Ote yandanbeyeri sermayenin gelinislik dereceskavrami UNCTAD ya-
yinlarindan takip edilebilmektedir. UNCTAD tarafend 2005 yilinda toplam
119 dlke icin yapilan hesaplamalara gore Turkiyadidtan, Cin ve Endo-
nezya ile birlikte yiksek keri sermayeye sahip tlke grubunda yer almakta-
dir. UNCTAD s0z konusu hesaplama ig@kur yazarhk orani(nifusun yiiz-
desi), orta ¢gretimdeki kii orani (yas grubunun ylzdesi) venesleki-teknik
egitimdeki Kkii orani (yas grubunun ylUzdesi) kriterlerine dayanmaktadir.
UNCTAD'In beseri sermaye endeksine ait verilgakil 2'de sergilenmektedir.

Sekil 2. Ulkeler itibariyle Beseri Sermaye Endeksi, 2001
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Bu olumlu edinime kain, Turkiye'de gitim performansinin genel gori-
niim ve kalitesi tizerine ulusal yazinimizda énemdligeler mevcuttur. Orne-
gin DPT (Kalkinma Bakang) 2011 Yili Programi belgesi (DPT, 2011, sf
198). "ggitime erisim ve gitimin kalitesi, gitim sisteminin temel sorun alan-
landir" seklindeki ifadesiyle Tirk g@tim sistemindeki en énemli yapisal ak-
saklga dikkat cekmektedir. Ayni belgeye goré&risim sorunu kapsaminda
okullasma oranlan ve bdlgeler, cinsiyetler arasi farktlar, kalite sorunu
kapsaminda ise fiziki altyapi yetersizlikleri, ngifatin giincellenmesigiet-
men niteliklerinin gelitiriimesi ve gitim materyallerinin mifredatla uyumu
gibi hususlar 6ne ¢ikmaktadira.g.e. sf. 198). Nitekim, DPT verilerine gore,
Turkiye'de son yillarda timgitim kademelerindeki okulkama oranlarinda
salanan ge§melere rgmen, 6zellikle zorunlu @tim kapsami dinda kalan
egitim kademelerinde OECD ve AB llke ortalamalari kiesilastirildiginda
sz konusu oranlar giik duzeyde kalmaktadir. Tablo 4, bu verileri yaland
tanitmaktadir.
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Tablo 4. Yaslara Gére Okullasma Orani

3-4 Y& 5-14 Ya 15-19Yg 20-29 Ya
Tarkiye 7.9 91.9 45.9 12.9
OECD Ortalamasi 71.5 98.9 81.5 24.9
AB-19 Ortalamasi 79.8 99.0 84.9 25.1

Kaynak: Milli E gitim Bakanlgi, OECD, 2011

Milli E gitim Bakanlgi verilerine gore Turkiye'de yikseftetim kademe-
sindeki @renciye yapilan kamu harcamasi temgitiem kademesindeki @
renciye yapilan harcamanin dort katinasmoiaktadir. TU$AD tarafindan
2011 yilinda yapilan bir agarma sonuglarina gore, Tirkiye’de nifusun orta-
lama gitim siresi 6.5 yil olarak tahmin edilmekte; 15syigstl yetkinler
arasinda okuma yazma bilenlerin oraninda da dumgkasiasinda 97. olarak
gOze carpmaktadir. Ayni raporda, Tirkiye'de 25-3§ wrasi nifusta lise
mezunu olanlarin orani yizde 41; Universiteyi bityrolanlarin orani ise yiz-
de 16.6 olarak verilmektedir. Her iki kategoride ™arkiye 34 OECD ulkesi
arasinda 33. sirada yer almaktadir (TAI3, 2011).

Ozet olarak, Turkiye’'de tiimggim kademelerine yapilan kamu harcama-
lari, OECD ve AB Ulkeleri ile karlastinldiginda ¢ok daha gtk dizeydedir.
Ozellikle yuksek @gretim éncesi gitim kademelerinde ilgili ya grubu niifu-
sunun yuksek oldiu géz onlne alinirsa, bu kademelerdeki kamu hadeama
rinin uluslararasi standartlarin altinda kaldyértlmektedir. Dolayisiyla ilk-
orta gitim kademeleri ile yuksekgietim kademesi arasindaki dengegizli
giderilmesi biyik 6nem arz etmektedir.

3. Modelin Yapisi

Model yeni biyime teorisi yazinina dayanarak Ary@edayali buyime
ve beeri sermaye kazanimi arasindaki tamamlayicilgkiléri Uzerine ku-
rulmustur. Model, nihai mal Uretimi ile Byip denge keullan ve
makroekonomik 6zddiklerin tartisiimasiyla son bulan bealt kisim halinde
sunulmutur.

3.1 Uretim faaliyetleri

Ulusal ekonomi de acik ve diinya piyasalarindééciik tlke ekonomisi
olarak kabul edilmtir. Ulusal ekonomide ¢l Uretim faaliyeti olmakeiie
dort faaliyetin surdirildgil varsaylimaktadir: (i) nihai mal Gretimi, Y ; (ii)
nihai mal Uretiminde kullanilacak olansgd sermaye girdi dUretimik ve

1 vani ulusal diizeydeki iktisadi karar ve faaliyetiediinya fiyatlari ve mal ve sermaye
akimlari Uzerinde hig bir etkisinin olmaawvarsayiimaktadir.
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(i) AR-GE duretimi (tasarimlar, fikirler, vb...)(iv) son faaliyet ise @tim
hizmeti sektoridir (Beri sermaye okumu).

Gayrisafi Uretim miktarl X, d#iskenleri katma dger (net drin) ve
aramallar olan bir Leontief Uretim fonksiyonu olagistntlmdstar:

X = min [Y, @INT] 1)

Fonksiyondakito parametresi X Uretimindeki girdi ¢iktl katsayisgis-
termektedir. Net Urlin, vasifsigi, beseri sermaye (vasifls¢i) ve farklilasti-
rilmis sermaye cgtlili gini girdi olarak kullanarak okturulmustur:

AL ok
Y= AVLTHY [k (i) di )

Olgese gore sabit getiri varsayimi ggrex, + ay + a, = 1.0 olarak alin-
maktadir. ly vasifsiz §ciyi temsil ederken K nihai mal tretiminde kullanilan
beseri sermaye miktarini gosterir. Tum farkftialmis sermaye ggtleri esit
miktardadir ve ayni dere sahiptir. Bu mallar simetrik firmalar tarafimda
Uretilmistir (yani her sermaye gili tek bir oligopolist firma tarafindan tre-

tiimektedir). Dolayisiyla, her i =1,...,A i¢iK; =k esitli gi saglanmaktadir. Bu
sebeplejOA k(i)™ di = Ak eitli gi elde edilebilir.

Burada {A} ekonomide mevcut olan sermaye girdierinin toplam en-
deks dgerini vermektedir. Yeni agfirmalarla endeks kiimesi {A} gegler.
Sequiera (baskida) izlenerek, Ar-Ge sektoriindekigblismenin gagidaki
sekilde gerceklgtirildi gi varsayilmaktadir:

A = ¢Ha 3)

Yeni argtirmalar sadece yeni fikirlerin Uretimine adananeesermaye
(argtirma personeli), K ile yaratiimaktadir. Her agarmacinin argtirma
verimliligi ¢ > 0 ile gosteriimektedir. Modeldeki AR-GE Uretimonksiyonu-
nun, Romer’in klasik (1990) camasinda formule edildi Uzere, argtirmala-
rin yarattgl pozitif digsalliklari icermedii dikkate alinmalidir. Yani Ar-Ge
arind ve argtirmacilarin verimlilgi gecmite yapiims olan bulg miktarin-
dan b&msizdir. Bunu takiben, ekonominin birgdr itici glicu olan bgeri
sermaye buylme slreciagidaki gibi ifade edilmektedir:

H = gHy + (sgyH A @

Yukardaki (4) no’lu denklemdeki beri sermaye piyasa faaliyetiningdh-
da olup, gitime adanan beri sermaye, H var olan bilgi/tasarim stoku A, ve
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egitime ayrilan kamu fonlarinin toplam devlet harctanaa oraniyla (s9
Uretilmektedir. Biriktirilmis begeri sermaye ayni zamanda daha fazlgebe
sermaye gegtirmek icin de gereklidir (grenciler, gretmenler olmadange
tilemez). Egitim fonlarinin devlet tarafindan ganmasi da bu nedenle gerekli
olmaktadir. Dolayisiyla, sge > Oganmalidir. (Ayrica bkz. devlet butcesi
esitli gi (27)).

Beseri sermayenin ohumu, eitimin (§Hy) son Granadarg egitimin ve-
rimlili gini 6lcmekte ve gitime harcanan zamanin 6zendiricisi olarakate
lendirilmektedir. Kitli gin sg tarafindaki ikinci terim €esitlilik ile 6 grenme
olarak adlandirilacaktir. Bu kavramsee sermaye stoku ile ekonomide va-
rolan fikirlerin bir bilesimidir. Bu etki, "caitlilik ile 6 grenme" etkisinin gore-
celi dGnemini dlcen verimlilik parametregile ¢cazaltiimakta ve kamu fonlari,
sqe ile desteklenmektedir.

Beseri sermaye geadiikce, argtirma kcileri sabit hizda yeni fikirler Uret-
meyi surdurdr. Buyartlar altinda bilgi Gretiminin buyime orany, gsagidaki
bicim haline gelir:

A _pHa
gA—A ¢A (%)

Yukarida tanimlanan biyime orani denge durumurairaraya adanan

. H . : , .
beseri sermaye paylﬁ sabit hale gelince artik gemeyecektir. Bu ¢dzU-
min sglandgl dénemi ‘duragan hal dengesiolarak tanimlayagaz. Diger

yanda, bgeri sermayenin biyime orangagidaki denklemseklinde ifade
edilir.

_H_ H, AV
gz =gt +(ng)v(Hj ©)

Bu oran, durgan bir (sg) ile birlikte toplam mevcut fikir sayisinin i
sermaye stokuna orani sabit gildumiddetce désmez. Bu formilasyon,
sabit biyume oranh bir denge icin H'nin Bémleri arasindaki ga@iminin
desismemesini gerektirir. Dolayisiyla, uzun dénem dengéisnda bireylerin
ise ve @itime bollsturdikleri zaman her dénem icin sabit kalacaktir.

Model hem Romer tasarimi olan Ar-Ge'ye dayali sgenesitlili gi Ure-
timi fikrini, hem de Jones nosyonu olan sabit Ar-@gilimlarindan kaynak-
lanan Olcek etkisini Badastirmaktadir. Bliylumenin nihai kayga egitim ser-
mayesi icin kamu fonlarinin kullanilabiligii ve bireysel gelir tarafindan be-
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lirlenen baeri sermaye birikimi ve bilgi tretiminin tamamlaigidir. Bunla-
rin tamami kamu politikalari ve ilgili kurumsal eliiklerden etkilenecektir.

Nihai mal Uretiminin tam rekabet fallar1 altinda caktigini varsayiyoruz.
Uretici, her iki kgiicii tiriinden ve sermayesitierinden, her faktoriin marji-
nal druntndn kendi Gcret ve rant maliyetirsg eldugu noktaya kadar istih-
dam edecektir. Buna gorgi talep fonksiyonu gagidaki gibidir:

oY
L= R —
oL,
(")
Y
=PRPoa, —
LY
Benzersekilde, bgeri sermaye talebisagidaki gibidir:
w, =P, aY
oH,
(8)
= P,a l
Y*H HY

Sermaye ggtleri asagidaki fonksiyona gore talep edilir:
P(k) = P,a, LY HIMk™ i=1,..,A (9)

AR-GE sektoriinde, AR-GE'ye yapilan devlet yardimiaarili iken, bgeri
sermaye talebisagidaki marjinal verimlilik gitli gini saglamalidir:

0A
d-sg)w, =P,
oH ,
(10)
P.¢
W, =—AT
(1' SR)

Son olarak, tretim faktorleri piyasasindaki rekatmullar beeri serma-
yenin Ucret maliyetinin kullanimina sie olmasini gerektirir. Yani:

P Y
Wy ~—b6=Pa,
(1_SR) Hy

3.2 Farklilastirilmi s sermaye ve yatirim kararlari

Sermaye birikimi sureci sermayestkerindeki (capital varietie$, k(i) ,
artis aracilgiyla betimlenmektedir. Aramal Ureticisi olan firtasarim satin
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almakta (AR-GE sektorinde uretilen teknik bilgi) baradaki bilgiyle yeni
bir sermaye mali galini tretmektedir. Her bir t zamaninda Uretilemiyser-
maye mall tird sayisi ayni zamanda Uretilen yelgji/tszisarim/dizaynlarin

sayisinaA esittir. Sermayenin gnmasini gz ardi edersek, t zamaninda eko-
nomideki biriktirilmis sermaye ¢gdi sayisi, ekonomide var olan tasarim sayl-
sina @it olacaktir. Tasarim sayisi arttikca, sermaygdgesayisi da artarak
sermaye birikimine yol agmaktadir. Her yeni sermgiydisi k, hammadde ve
diger girdileri kullanarak Uretilmekte; her girdj, ke dger girdilerden sabit
bir orandan kullaniimaktadir. Buradg , birim k Uretiminin girdi-cikti kat-
sayis| olarak gorev yapmaktadir. Uretim tgkmAR-GE sektoriinden satin
alinan tasarida yazihdin'nin maliyeti, ekonomideki faiz orani olan rant fi-
yatidir, (r).

Aramal dreticisi AR-GE tasarimlarini satin &laida, argtirmanin sabit
maliyetine maruz kalmaktadir. Toplamda &den bu (sabit) agarma mali-
yeti, aramal sermaye gdi firmasi tarafindan Gretimden dnce f§&anmalidir.

Yani P,.A k; uretiminin sabit maliyeti haline gelir ve olge gore artan
getiri salar. Her bir oligopolci firma, jkiretiminde monopol haklarina sahip
oldugundan, firma sermaye mallari piyasasinda eksikhetca olarak hareket
eder. Nihai mal Ureticisinin; k¢in olan talep fonksiyonunu (9) kullanan her
monopolist, monopolist/oligopolist karlarini maksmn eder,

I\{/Ika}xF’i(k).ki -mk, -P,.A (11)

(11) no’lu denklemdekink; terimi Gretimin dgisken maliyetidir. Bir bi-
rim k; dretimi icin dger girdilerdenn kadari, faiz orani r Gizerinden kiralanir.
(11)'in ¢b6zUmi, kar maksimize eden fiyatin,(kl) marjinal maliyet, n Gze-
rinde bir kar marjiylarpark-up belirlendgini gosterir. Yukaridaki nihai mal
ureticisinin K icin olan talep fonksiyonunu, (9) kullanarak moobt firma-
nin optimum fiyat stratejisinisagidaki gibi gdsterebiliriz:

PoLy HY k™™  =m

Buna ball olarak sermaye gélerinin optimal miktari aagidaki gibi be-
lirlenir:

1
k ={PyaiLYO(LH$H :ll_“k

| (12)
m

Monopolistik kar orani bir mark-uglevi goren 1di, olarak belirlenmitir.
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r
R(k)=—1 (13)
ak
Batln firmalar simetrik oldgu ve Uriinlerini satmak icin ayni fiyati uygu-
ladiklari icin, her firma icin fiyat ve Gretim miktini R(k) = R ve k = k ola-
rak kabul edebiliriz. Bu kaillar altinda maksimum kagagidaki gibidir:

[ rex(k) =R k= 1Nk
= (R, - m)k

(13)'denr =O('<—Pk oldugu icin, oligolipolist (monopolci) firmalarin mak-
n
simum karini gagidaki sekilde ifade edebiliriz:
|_| max(K) = @—0a, )Rk (14)

Monopolist firmalar ileri goérgli bir davrarnga sahiptir. Yani yeni tasa-
rimlara yaptiklari yatirim ve yeni sermaye Uretkararlarini, monopol karla-
rinin ilerideki aksindan bekledikleri uzun dénem getirileri maksimexerek
alirlar. Ozellikle, yatinmlarinin beklenen getirisahip olduklari bono veya
mevduat gibi "risksiz" finansal varliklarla kalastirilabilir olmalidir. Bu se-
bepten, varlik piyasasl dengesi, her zaman igagidaki arbitrajin olmamasi
kosulunun sglanmasini gerektirir:

[Tt + (Pat = Pat-1) = iPac1

Burada, (R, — Pa1) terimi i. firmanin dgerindeki dgisimi ifade eder.
Denge durumunda firmanin gexi, yeni bir tasarimiuepring gelistirmenin
fiyatini (Py) da igeren, firmanin toplam yatirim harcamalarydéirim malla-
rinin fiziksel maliyetinin toplaminagtir.

3.3 Tuketim ve tasarruf kararlari

Hanehalki bgeri sermayeye, H, sahiptir ve bunu u¢ kullanim aéasin-
da paylatirir: nihai mal tretimi, bilgi Uretimi ve daha fazbeeri sermaye
Uretimi:

H=Hy+HH+HA (15)

burada (H- ), wy ile baslantilidir ve H,, s'w ile devlet tarafindan $eik
edilmektedir. Temsilci bireyin maksimizasyon prahleasagida standart bi-
¢cimde sik kullanilarsabit donemlerarasi ikame esngkkatsayilifayda fonk-
siyonu (constant intertemporal elasticity of sub&tn function) aracifiryla
kurgulanmaktadir:
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1-6
N -p(t-t) Ct _1
u=[e “g Or (16)
Tuketicinin ilgili fonksiyonu aagidaki kisitlara gore maksimize eitii
varsayacgiz:

a=w,(H-H,)+w, L, +s,wH, +ra-C-T

H=gH,, +seeyH A"

Burada C toplam 6zel tiketimi y® stbjektif iskonto oranini ifade eder.
Tuketici, toplam donemler arasi faydasini cari adrizel gelir ve bgeri ser-
maye kisitlarina gére maksimize etmektedir. Debletyin esitim ylzinden
ugradigl zarari, wiH s; oraninda tgviklendirerek kagilamaktadir. Yukaridaki
probleme ilgkin Hamiltongil fonksiyonunu acikca yazarsak,

-8 _
D:%B:I-+A1(WH(H_HH)+WLLY +tsyw H, +C-T)+A,(EH,, +SGEyHDA17D)

Hamiltongil fonksiyonun maksimizasyonundaga@daki birinci derece
gerekli kaullari elde etmekteyiz:

9 g o=,
aC

o0
oH,,

Problemin ¢éziminden optimal Ucret ve tuketim @ddik elde edilmek-
tedir:

=0=-W,A, +As"W, +A,E=0

wh _ & AV

T T DvsGE[Hj (17)
C_r-p

C 5 (18)

Rekabetci piyasa varsayimi altinda, tcret haddefbeermayeye ddenen)
nihai mal ve AR-GE sektdriindaieolmasi gereklidir. Fakat tcret haddinin

2 Burada yer kisiti nedeniyle atlanmak zorunda kalicebirsel ara adimlar ilgili okuyucu
tarafindan yazardan temin edilebilir.
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diizeyi de fayda maksimizasyonunun birinci derecgilkarindaki argiimanla-
rindan biridir. Bu keul, (17) kanaliyla ticret haddinin biyime oraniniye
pozitif bir yénde gelimesini garantileyecekekilde olmasini sgamaktadir.

aA-s¥)w

Buradan hareketle (10)sidi gindeki i =P, ifadesini kullanarak

sunu elde ederiz:

w _P,

wy By

P.’nin buydme oraninin izlegi patika 'arbitraj olmamasi kgulundd' yu-
karidaki denkleminde anlatilgidi. Bu denklemirt ve B, icin olan gitliklere

ekleyerek ve bu iki denklemit icin cozdigiimiizde dau ifadeyi elde ede-
WH
riz:

@-a) Hy _ & AT
ah ak A ¢ (1_SH) DYSGE(HJ

Nihai mal Uretimine adananyHpayini, y olarak ifade etfiimizi varsaya-
llm. Yani H,=uyH. Bu tanimi kullanarak,sagidaki denklemi elde ederiz:

- &ay, A _ Oysgea, H
u, = . —- — (19)
¢@-s")A-a)a, H od-a,)a, A
Son olarak, tasarruflar, (18) karar kuralindakikeotarak bulunur:
SAV, = (L-htay Y -P°C, (20)

Buradahtax ifadesi hanehalklari tzerine uygulanan gelir v&@rgiranini
gostermektedir.

3.4 Tthalat ve ihracat fonksiyonlari ve 6demeler dengesi

Modelin ihracat arzi ile ithalat talebi davrglari, hesaplanabilir genel
denge modellerinde artik geleneksel kabul edé&sik ikame ve dogim
(constant elasticitiy of substitution and transfation) yaklasimi ile belir-
lenmektedir. Bu kurgu altinda, her bir sektdrdeadat, yurt ici saglar ve
ithalat arasinda eksik ikame olanaklari dngorilmeeikt Dolayisiyla, yurt ici
fiyat sistemi ile yurt du ticaret hadleri arasinda bir ayna s6z konusudur.
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Ulusal ekonominin yurt di ticaret hadlerini etkileme olapayoktur (kiigik
ekonomi varsayimi). Ancak, yurt ici fiyat sistermreksik ikame ve doriim
olanaklar1 nedeniyle goreceli bir "giansizlig1" ortaya ¢ikmaktadir.

Bu varsayimlar altinda, nihai mal Ureticisi, ihraga yurtici satylar ara-
sinda gagidaki Uretim olanaklari kisitina sahip olarak bétinmektedir (sabit
donisim esneklii- SDE kisitl):

X =Z,[YDC™ + (- P)E™* V) (21)

Burada X Uretim miktarini, DC yurt ici sathasilasini, E ise ihracat arzini
gostermektedir. Denklemde gecgnve Oy ifadeleri, sirasiyla, yurt ici sati
hasilasinin toplam tretim hasilasi icindegirigklandiriimis payini ve dénu-
sim esnekiii katsayisini vermektedir. Denge durumunda ihracgurtici
mallara orani gagidaki gibi ifade edilir:

£ \Hcer Ueer
E (P 1-y
—=| |7 (22)
DC P 1y
Ithalat kararlari ise ithalat, M ve yurtici mallannDC ticarette eksik ika-

me olarak 6ngorildtii Armingtongil mal grubu spesifikasyonundan ¢ozul-
mektedir.

CC=Z( [UDC™ + (L- )M =] ) (23)

Burada CC ulusal 6zimseme (absorption) duzeyinsdithalat miktarini
gostermektedir. Milli gelir 6zdgdikleri, (CC=X-E+M) seklinde olyur. Tuke-
tici dengesi, yurt ici mal talebi ile ithalat anada goreceli fiyatlara ve ikame
esneklgi katsayisina bl olarak gagidaki gibi ifade edilir:

D Uee Uec

ﬂz(P_Mj (1—”J )

DC (P M

Modelin uzun dénemli dugan hal dengesi altindasdicaretin dengelene-
cegini varsaymamiz gereklidir. Aksi takdirde, olasg dcgin finanse edilmesi
icin yurt dsindan surekli bir kaynak transferinin varsayilimgerekecektir.
Uzun donemli durgan hal dengesi altinda uluslararasi finans piyasata
ulusal ds ticaret agkini sonsuza dgn finanse etmesi "denge" kavramina
aykiridir ve teknik olarak uygulanabilir bir yakien degsildir. Dolayisiyla,

ulusal doviz piyasalarinda her dénemde ticari demgesa&landgl ve reel
doviz kuru ile faiz oraninin i¢csel olarak belirlégidvarsayilacaktir.
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3.5 Milli Gelir 6zdeslikleri ve denge durumunda blyume

Dénem ici denge durumu her donemdegedaki kasullarin s@lanmasini
gerektirir: (1) Uretim faktorlerinin (I, Ha, Hy) talep miktarlari arzlarinagsie

olmalidir; (2) Bgeri sermayenin, Y,A veH arasinda dalimi toplam arz
miktarina @it olmalidir; (3) Her sektor icin yurt ici ve ihrat mal talebi o
malin arzina @t olmahdir; (4) AR-GE Uretimi, yani yeni tasaranl yeni
sermaye mali g&li sayisina gt olmalidir; (5) Hanehalki tasarrufu yatirrma -
yeni tasarimlarin maliyetiyle sermaye malsidesektdriindeki sermaye mal-
larinin maliyetinin toplami- @t olmalidir; (6) Toplam ithalat dgri toplam
ihracat dgerine @it olmalidir; (7) Devlet bltcesi denklik olarakgsanmali-
dir. Bu kaullar altinda piyasanin dengeskitu,

CC=C+G+sgsREV + P +INT (25)
olarak belirlenir. Tasarruf-yatirnm dengesa@daki sitlik yoluyla sglanir:
SAV = F I° + R,A (26)
Devlet bitcesi dengededir:

P°G + siwyHy + ssWiyHa = (1 - sg)GREV (27)

devlet gelirleri ise toplam vergi gelirleriyleganmaktadir: GREV=htax . %

Faktor maliyeti cinsinden gayrisafi yurtici hasi@SYH), nihai mal, bge-
ri sermaye harcamalari ve AR-GE sektériniin katngarberi toplamidir:

GDP =R Y +P,A (28)
=W Ly + W, (Hy +H,) + [k () di (29)

TUm sermaye mall gii Ureten firmalar simetrik olarak gortlgii icin,
tum firmalar i icin RK) = R ve k = k sa&lanir. Bu nedenle (29) denkleminde-
ki toplam J-; k,(i)*di = B Ak, seklinde yazilabilir vex,PyY’ye esit olur. Bu
ili skiyi kullanarak, (29) denklemindekiiik de asagidaki gibi yazilabilir:

PA . k=0 (GDP - RA)

ya da, (29) kullanilaraku sekilde yazilabilir:

[GDP-w, L, -wy,(H, +H,)] =RAk

(30)
=a,RY
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Buna ek olarak, (14) denklemindeki kar tanimi kuliarak GSYH gag|-
daki gibi yazilabilir:

PYY+PAA :WLLY+WH(Hy+HA)+A I (31)
(1_ak)

Denge durumunda tim gigkenler, bgeri sermaye okumunun blylime
oraniyla orantili olarak sabit bir rasyoda biyulwurtyicinde tiketilen nihai
mal, AR-GE Urininun birim maliyeti, farkli sermageitleri ve faiz orani da
dahil tim fiyatlar dengede sabit bir oranda arfgmica H'nin alternatif kul-
lanimlarr arasindaki gaim da sabit olacaktir. Bundan dolayly H uH veri
iken Ha = za(1-u)H, Hy = z4(1-u)H, ve z + z, = 1 denklemlerinin ggandi-
gini varsayalim.

Bu tanimlar altinda, H ve A’'nin biyime oranlaga@adaki durumda ifade
edilir:

H__.H, AN
=—=¢——+ (S —
Oy H § H (gE)\{Hj

o (32)
—z,(1-u,)+ (ngN[%j
g, =2 =g
A ' A (33)
~ 92,0 uy)[%j

Denge durumunda dengeli blylmenin gergakbesi igin% oraninin sa-

bit kalmasi gerekgii gbzlemlenebilir. Bu g = g4 ssitli gini belirtir. Sermaye
mali ¢aeidi talep fonksiyonundan (9) sermayesicinin biytime orani ¢ikari-
labilir:

g :ﬁ: a4 E
k ki 1—Gk H (34)
a
Oy = _H Ou
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Son olarak, denge durumunda "arbitraj olmamasitmunu gagidaki se-
kilde yazabiliriz:

I_l SS
I:)A

lss=0pa T (35)

Yani, durgan hal dengesinde faiz haddi, sinana-gelstirme sabit mali-
yetlerinin (Ar-Gesirketinin piyasa dgerinin) biyime hizi ile dugan hal
dengesinde sirekli kar 6demeyi taahhit eden kons@él dgerinin topla-
mina aittir.

4. Politika Analizi: Secilmis Kamu Destek Politikalarinin
Dinamik Etkileri

4.1 Baz patika dengesi

Modelin kurgusundan hareketle ilk adimimiz, poétinalizlerinde bir re-
ferans patikasi olarak kullandagmiz "baz - patika" deerlerini bulmaktan
gecmektedir. Bu amacla modelimizi ilk adim olaralirkiye ekonomisinin
2005 yili dengesini veren veri setinderslagarak, belli varsayimlar altinda
uzun donemli bir makroekonomik dengenirglaamasi amaciyla kullanaca-
g1z. Bu amacla 2005 yili Turkiye ekonomisinin gemglkroekonomik denge-
sini veren bir sosyal muhasebe tablosu yardimutarlt bir veri setini olg
turmaktayiz. S6z konusu SHM verileri makalenin E#lumninde sergilen-
mektedir.

Turkiye 2005 veri setinde Ar-Ge’nin yatirrm malilgt toplam gayrisafi
yurt ici hasilanin (GSYH'nin) ylzde 0.75'i olarakillaniimistir. Model ¢o-
zUmu icin denge faiz orani yizde 5 olarak varsaygtlm Bu sartlar altinda
modelin cebirsel kalibrasyonu sonucunda toplamldagkiriimis sermayenin
milli gelirdeki pay! @) 0.65 olarak ¢ozilmektedir. Monopolcu karlarinlimil
gelire orani ise ylzde 20 olarak tahmin edilmektetodelde baz patika
altinda toplam faktor dretkenginden kaynaklanarblyime hizi yizde 1.5
olarak belirlenmitir. Ulusal ekonominin toplam bldyime hizi s6z kand$P
Uretkenlik artgina kgucinin nufus aghizinin ilave edilmesiyle bulunacaktir.

Baz patikanin seyri altinda GSYH’nin 90 periyodyg&ayan uzun dénemli
¢6zimi altinda sabit 2005 fiyatlariyla 648 milydarden, 3,500 milyar TL'ye
yukselecgi gortlmektedirSekil 3 stz konusu patikayi sergilemektedir.
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Sekil 3. Baz Patika Altinda GSYH (Milyar TL, Sabit 2005 Fiyatlariyla)
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Benzer bigimde, baz patikanin uzun donemde (9¢/@aiik bir sure dili-
mi altinda) toplam beri sermaye stoku ve Ar-Ge stoku endekgederi
bulunabilir. 4 ve 5 no’lusekiller s6z konusu deéskenlerin benzetimlenmi
degerlerini sunmaktadir.

Sekil 4. Baz Patika Altinda Bgeri Sermaye Olisumu

(Endeks, Periyod 1 = 1.00)
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Sekil 5. Baz Patika Altinda Toplam Ar-Ge Stoku
(Endeks, Periyod 1 = 1.00)
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Baz patikada gecen d@ir kalibrasyon verileri EK tabloda sunulmaktadir.
Simdi modelin baz patika kurgusunu bir referans golalarak dgerlendire-
rek, almaik kamu tgviklendirme politikalarini sinayagez.

4.2 Almasik tesvik politikalarinin analizi

Bu bélimde, hem AR-GE, hem desba sermayenin birikimini dikkate
alarak modelde buyiumeyi @ayan dinamiklerin belli bgh mekanizmalarini
analiz edecgiz. AR-GE'nin geri bildirim etkisi (argirma ve gelitirmeye
dayali @renme) ve bgeri sermayenin farkl sektorler arasinda pstyldmasi
(nihai mal Uretimi, AR-GE uretimi vegdim faaliyetleri) modele zengin di-
namikler kazandirmakta, ayricagilgk ddinleim etkilerinin analizine olanak
tanimaktadir. Bu analizlerden ilki, $g¥i sermaye birikimi icin devlet yardimi
projesinin duyurulmasini icerir. Buna alternatifu@k ikinci destek program
secengimiz Ar-Ge yatirim maliyetlerini ucuzlatmaya yoérelkamu tgviki
olarak dgunulmistir. Ilk politikanin hedefi gitim maliyetlerinin kamu tgvi-
kiyle disurulerek, bgeri sermaye stokunun artiriimasidkinci politika sece-
negi ise baeri sermaye birikimi yerine, goudan Ar-Ge yatirim maliyetleri-
nin ucuzlatiimasina ve Ar-Ge stokunun artiriimastiaganmaktadir. Analiz
edilen soru somut olarak acikintitce kisiti altinda hareket eden kamu idaresi,
sermaye birkimini ve iktisadi biylimeyi artirmayangiik olarak 6ncelikle
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hangi aktiviteye destek gamalidir: begeri sermaye maliyetinin desteklenme-
si mi; yoksa Ar-Ge yatirim maliyetinin desteklenma8

S6z konusu iki almak politikanin kasilastiriimasi icin yukarida cebirsel
yapisini tanitngl oldugumuz endojen biylme modelinden yararlageca
Politikalarinnicel boyutlarinin kagilastirilabilir olmasi icin éncelikle iki prog-
ram icin de tgvik diizeyinin ayni boyutta olmasinigayaca@iz. Bu amacla,
devletin tgvik maliyetini milli gelirin ylzde 1'i olarak kurgayip, buna denk
disecek tgvik oranini modelde i¢sel olarak bulmaktayiz. Madelozimleri,
milli gelirin yiizde 1'ine tekabil edengt@k oranini bgeri sermaye destekle-
me programi icin yizde 4.0; Ar-Gestiki icin ise ylzde 4.3 olarak belirle-
mektedir. Devletin bitce kisiti altinda s6z kontswiklerin kamunun tike-
tim harcamalarinin kisiimasiyla elde edilecek foda kagilanacg disi-
ndlmektedir. Dolayisiyla twik sistemi bitceye ek bir mali yik getirmemekte,
dogrudan dg@ruya kamu tuketiminin yeniden yapilandiriimasiyléatdgeye
gelebilecek ek yiik bertaraf edilmektedir.

Farkli politika araclari altinda GSYH'nin izleglipatika 6 no’luSekilde
sunulmaktadirSeki'de GSYH baz patikaya gorece 30 dénemlik bimaa
sireci icerisinde izlenmektedir. Blylme oranigdoesermayenin nihai mal
Uretimi, Ar-Ge faaliyetleri, ve @tim sekt6ri arasinda paygtarilmasina oldu-
gu kadar Ar-Ge birikimine de lgh oldugundan, uygulanan kamu destekleme
projeleri ekonominin genel denge sirecinde ¢ok yokarmaik dinamikler
yaratmaktadir. Ar-Ge maliyetlerinin desteklenmedlitikasi, farkhlatiriimis
sermaye mall Uretimi sektorini etkileyerek Ar-Galifeetlerini gelstirmeyi
amac edinmektedir. Her yeni tasarimin, (Ar-Ge) ryatimaliyetine yapilan
devlet dest@, farkllastirilmis sermaye mali (yeni bilgi teknolojileri) tretimi
artigini tegvik etmekte ve Ar-Ge faaliyetleri icin talebi arhaktadir. Bu da
kaynaklarin ekonomideki ger sektorlerden ve faaliyetlerden uzakfasini
ve Ar-Ge faaliyetlerine yonlendiriimesini sigk etmektedir. Buna alternatif
olarak, gitim maliyetlerine devlet yardimi uygulanarak haakmin begeri
sermayesini ekonomideki farkli sektérlere adamagrutianodinlgim etki-
leri (trade off effects) deurmaktadir. Bgeri sermaye birikimine olan devlet
destginin, bireylerin donemlerarasi optimizasyon prohbieehem nihai mal,
hem de Ar-Ge sektdriindeki miar1 belirleyen bgeri sermaye birikimi karari
vasitasliyla girdiine dikkat edilmelidir.

Sekil 6’da sergilenen model benzetim sonugclari, eedestginin egitim
harcamalarini tik stratejisinin ulusal gelirde ilk Bga son derece guglu
olumlu bir etki yaratgini, ancak ulusal gelire olan bu olumlu etkinin mzu
donemde zayiflamakta olgunu gostermektedir. Beri sermaye birikimine
verilen kamu tgvikleri sayesinde beri sermayenin kullanimi Gzerine olan
odunlgmenin daha serbestt&ildi gi ve nihai mal Uretimine daha fazlgie
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tilmis isglcunin aktarilabilgi gbzlenmektedir. Eitim faaliyetlerine ayrilan
tesvik sayesinde milli gelirdeki kazanim baz patika@ece yiuzde 9'a kadar
yukselmesine kam, ilerleyen dénemlerde ekonomik blyimede hizliylai
vaslama ygaanmaktadir. Zira, ilk dénemde goreceli olarak gseih Ar-Ge
kayngl, beeri sermaye okumundan kaynaklanmasi beklenen pozitif
ivmelenmeyi bertaraf etmekte ve gayrisafi yurt hgisilada (GSYH'de) ya-
vaslamaya yol acmaktadir. Ote yandangsdsée sermayenin uzun dénemde
birikimi nihai olarak Ar-Ge aktivitesini de hizlamchaktadir. Boylesi bir uzun
donem beklentisinin sonucunda, Ar-Gesairanaci sayisinda yeterince arti
saglanmakla birlikte Ar-Ge Uretimi tekrar ylikselmekte ekonomik blylume-
yi ivmelendirmektedir. Dolayisiylaggimin tesvikini benzetimleyen birinci
senaryo altinda milli gelir dnce sert lpekilde hizlanip, tekrardan gerilemek-
te; orta uzun dénemde ise nihai olarak baz patikgaklaik yizde 1 Gzerin-
de dengelenmektedir.

Sekil 6. Almasik Tesviklendirme Sistemleri Altinda GSYH
(Baz Patikaya Oran Olarak)
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Ekonomideki bilgi (Ar-Ge) birikimine bamli olan Uretim blylimesi, uzun
dénemde baz patikadakinden biraz daha yiksektinuBwa 6tesinde Ar-Ge
tzerinden kurgulanan kamustek stratejisi, milli gelirde ilk bgta s&lanan
artistan sonra yeniden azalan bir etki sunmakta ve domemde ekonominin
milli gelir Uretimi, baz patikanin yluzde 2 Uzerinderceklemektedir; ancak
egitim tesvik senaryosunun yuzde 1 Uzerinde dengelenmekt€dirildigu
Uzere, boyle bir modelle tanimlanan ulusal ekonatengeye dgru dalgali



Ering Yeldan 47

bir yapi ortaya koymaktadir. Dengeyegdo izlenen oynak (dalgali) yapilarin
varligi Sequeira (2008) tarafindan da vurgulanmaktadenzBrsekilde, Ar-
Ge faaliyetleri icin istihdam edilen i sermaye, nihai mal Gretimi igin is-
tihdam edilen bgeri sermayeden daha dalgall bir yapi sergilemekt&diyle
bir yapi, ekonomide en cok ihtiya¢ duyulansér@ sermayenin 6dunjme
(trade-of} etkisinin dg@rudan bir sonucudur. Birinci senaryo altindgitim
harcamalarinda devlet yardimi kanaliyla daha c¢akrbsermayenin @time
yonlendirilmesi, Ar-Ge faaliyetlerine daha agitémis isgiicinun ayrilmasi
anlamina gelmekte, boylelikle bir sonraki donemdggira faaliyetlerinde
yeniden duzenleme yapilmasina yol agmaktadir. Deilgg, dzellikle gitim
tesvikine dayanan senaryoda milli gelir daha oynakiéypki gostermektedir.

Sekil 7-10 dger ekonomik dgiskenlerin her iki politika deneyi igin izledi-
gi patikalari gostermektedir. Ar-Ge fiyatinin deségimesi durumunda s
parametresi aracgiyla) Ar-Ge faaliyetlerine olan talep, baz alinagndye
gore daha yuksek bir denge seviyesine yukséiimAr-Ge stokunun s6z ko-
nusu senaryo altinda baz patikanin yizde 4 Ustdedgelenmekte olgu
gorulmektedir $ekil 7). Ar-Ge fiyatina yapilan devlet yardimi, Khlastiril-
mis sermaye uretimi sektoriinde talebi artirarak, gggneminde ekonominin
daha fazla sermaye stokuna sahip olmasina sebegSekil 9). Diger yan-
dan, hanehalkinin dénemlerarasi optimizasyon yapsehep oldgu tiketi-
min zamana yayillmasi davransayesinde 6zel tiketim ve yatirirm harcamala-
ri daha istikrarl bir yapi sergilemektedir.

Sekil 7. Almasik Tesviklendirme Sistemleri Altinda Toplam Ar-Ge Stoku
(Baz Patikaya Oran Olarak)
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Modeldeki gitim yardimi, devlet bitcesinden dagi sermaye birikimi fa-
aliyetine dgrudan yapilan bir gelir transfegeklinde temsil edilngtir. Boyle
bir transfer, gitim faaliyetlerindeki bgeri sermaye miktarinin daha yiksek
olmasina yol acar. Geri kalan kaynaklar ise Ar-@enihai mal Uretimi sek-
torleri (Ucretli calsanlar) arasinda déir. Gelir transferi aracinyla egitim
faaliyetlerine daha fazla keri sermaye istihdam edilmesi, nihai mal ve Ar-Ge
sektorlerinde daha az ¢e¥i sermayenin bulunmasina yol agcmaktadir. Bunun
sonucunda ekonomide gei sermaye birikiminin Ar-Ge birikiminden daha
hizli gelstigi gozlenmektedir (bkzSekil 8). Boylesi bir kaynak bokiimu
ekonomideki mal biyumesini belirlemede dolayli alaetkili olmaktadir.

Sekil 8. Almasik Tesviklendirme Sistemleri Altinda Beseri Sermaye
Stoku (Baz Patikaya Oran Olarak)
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Ar-Ge ve begeri sermayenin birbirini besleyen siregler vasytasartmasi
neticesinde farklilgtinimis fiziksel sermaye (capital varieties) artmakta@ir.
no’lu sekilde almaik politika uygulamalari altinda farklgariimis sermaye-
nin izledigi patika verilmektedir. Eitim harcamalarinin twiki sonucunda
ulusal kaynaklarin daha gon bicimde bgeri sermaye birikimine yonlendi-
rilmesi, ilk donemlerde farkhkriimis fiziksel sermaye stokunun gliesine
neden olmaktadir. Ulusal ekonomik dengenin yenitbsisi ancak orta do-
nemde (3 ila 5 periyod sonra) mimkin olmakta; sataafarkhlgtiriimig
sermaye kullanimi baz patikanin Ustiine ¢ikmakig@dz Sekil 9).
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Sekil 9. Almasik Tesviklendirme Sistemleri Altinda Farklla stirilmi s
Sermaye Birikimi (Baz Patikaya Oran Olarak)
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Sekil 10. Almasik Tesviklendirme Sistemleri Altinda Beseri Sermaye
Ucreti (Baz Patikaya Oran Olarak)
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Modelden elde edilen ilging gbzlemlerden bigeti de bgeri sermayenin
Ucretlendirilmesine ifikindir. Devlet dest@ sonucunda beri sermaye sto-
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kundaki hizli ary, beseri sermaye Ucretlerinde uzun dénemde ucuzlamalya yo
acmaktadirSekil 10'da da gorulegg Uzere, gitime verilen dgrudan tevik
neticesinde kxri sermayenin Ucretleri ilk b baz patikanin altina girek-

te, ancak Ar-Ge twik sistemindeki patikanin Ustinde seyretmektefiitik

bu tepkinin ardindan, bollan bgeri sermaye arzi biyimeden kaynaklanan
sermaye talebini artirmakta ve modelin benzetimuslamna gére 16'inci
periyod sonunda Ucretler baz patikasinda elde redilretlerin altina di
mektedir.

Ar-Ge tgvik sisteminde bgeri sermayenin Uretim sireci daha farkh bir
yol izlemektedir. Ar-Ge’nin tgviki beseri sermaye Ucretlerini daha yusgal
bir oranda, ancak 14incu periyod sonrasinda pdigimde etkilemektedir.
Ote yandan, Ar-Ge'den kaynaklanacak bilgi stokudiizenli artyi, ekono-
mik faaliyetlerde daha yumak ve daha pozitif bir netice yaratmaktadir. Mo-
delin genel gleyisi acisindan, yatirim maliyetleri ghiikce, ekonomide daha
yiksek dizeyde sermaye stokusthigu gézlenmektedir. Boyle bir agtinihai
mal Uretim miktarini ve buna pla olarak kazanilan faktér gelirlerini gou-
dan etkilemektedir. Hem farkigariimis sermaye mali Gretiminden gkn
kar, hem de Ucretler bireylerin gelirinin bir pascaldyundan, kaynaklarin
nihai mal tretimine yonlendirilmesi igin uygulandogrudan bir devlet yar-
dimi uzun dénem denge dinamikleri acisindan uygagallar yaratmaktadir.
Tasarruf orani diilk olmasina rgmen, devlet yardimi sayesinde daha ytiksek
uretim ve harcama duzeylerine ¢ikilmasina olanglaszaktadir.

5. Sonug ve Genel Ogerlendirme

Bu calsmada, Turkiye ekonomisinin dinamiklerinin orta/uzddnemde
izlenmesine olanak gkyacak bir icsel biylime modelinin kurgulanmasi a-
maclanmg ve orta-uzun dénem biuyime hedeflerini daha iletéygyabilecek
kamu tgvik politikalarinin olasi sonuclari ve etkiglitartisiimistir. Calsma-
da kullanilan analitik model, biyimenin kaynaklabgeseri sermaye birikimi
ve bilgi sermayesi (Ar-Ge) birikingilarak ele almakta ve i¢sel olarak ¢c6zmek
Uzere kurgulanmaktadir. Model gahasinin temel vurgusu kamunugiten
ve bilgi sermayesi yatirim harcamalariyla, 6zehsgre gruplar tarafindan
ylratulen bilgi sermayesi ve gtama/gelstirme yatirim davraglarl arasin-
daki tamamlayicilik ikkisine dayanmakta ve ekonominin biyime dinamikle-
rini orta-uzun dénemde aytirmayi amaclamaktadir.

Bu amaclar dgrultusunda, ¢cagmanin temelini olgturan model, iktisat
yazininda i¢sel (endojen) blylime konusunda katkudanan iki ana yakla-
sima, Lucas (1988) ve Romer (1990) analitik kurgasdayanmaktadir. Kur-
gulanan model, "hesaplanabilir genel denge" (HGBKklagimi icerisinde,
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ulusal ekonominin tretim (gelirlerin yaratiimasg talep bilgenlerini piyasa
ekonomisi kisitlari altinda benzetimlemektedir. Mol dort Gretim sektord,
formel (beeri sermaye) ve enformel (basitgilci kategorilerinden ojan
emek piyasasl ve kamu sektorii dengeleri cebirsekldaler araciilyla
ayristirilmaktadir.

Model yardimiylasu soruya somut yanitlar arargtm: bltce kisiti altinda
hareket eden kamu idaresi, sermaye birkimini vieakli blyumeyi arttirmaya
yonelik olarak dncelikle hangi aktiviteye desteglamalidir: beseri sermaye
maliyetlerinin desteklenmesi mi; yoksa Ar-Ge yatimaliyetlerinin destek-
lenmesi n? Burada s6zU gecen alternatif destekleme poliikadian ilki,
beseri sermaye birikimi icin devlet yardimi projesinduyurulmasini icer-
mektedir. Buradaki programin hedefittem maliyetlerinin kamu tgvikiyle
disUrllerek, begeri sermaye stokunun artiriimasidir. Alternatifnigii destek
program secer@® Ar-Ge yatirim maliyetlerini ucuzlatmaya yonelkamu
tesviki olarak digunalmistir. Bu secenek goudan Ar-Ge yatirim maliyetle-
rinin ucuzlatiimasina ve Ar-Ge stokunun hizlanchasina dayanmaktadir.
Her iki politikanin danicel boyutunun kamlastirilabilir olmasi icin iki prog-
ramda uygulanan geik dizeyinin milli gelirin yiizde 1'ine denk gécek bir
maliyet icermesi 6ngorulngtiir.

Ozet olarak model ¢6ziimlerinden elde edij@rsonugclar vurgulanabilir:

- Devletin bgeri sermaye veya Ar-Ge (izerinde uygufadesvik politika-
lar ulusal ekonomide uzun ddénemli kalici etkileragtmaktadir. Bu sonug,
devletin ekonomiye midahalesinin uzun dénemde ekdlnetkilerinin kisitli
olaca&ini savunan yeni-klasik makro kuramlarinin 6ngdiiila gecersiz
oldugunu belgelemektedir. Bilgi vegagim dissalliklari neticesinde devlet
politikalari, piyasa ¢Ozimundeki tokezlemeleri amak ve ikinci en iyi
(second be}tdengenin sdanmasinda 6nemli biglev gérmektedir.

- Devlet destginin egitim harcamalarini tik etme stratejisi ulusal gelir-
de ilk bgta olumlu bir etki yaratmakta, ancak ulusal gebfan bu olumlu
etki uzun dénemde zayiflamaktadir. Devletiitien harcamalarini 6zendir-
mesi sonucunda ulusal kaynaklageti sektorlerden (Ar-Ge sektdrii de dabhil
olmak Uzere) uzakfarak, begeri sermaye birikimine tahsis edilmesine yol
acmaktadir. Goreceli olarak gerileyen Ar-Ge kaynheseri sermaye oku-
mundan kaynaklanmasi beklenen pozitif ivmelenmegiitasaf etmekte ve
gayrisafi yurt i¢i hasilada (GSYH’de) yalama yganmasina neden olmak-
tadir. Oysa, Ar-Ge’nin yarafil tasarim/bilgi/teknoloji katkisi, 6zendirilgi
sermaye cgtlili gine dogrudan katki s&lamaktadir. Bu ylzden Ar-Ge
aktivitesinde gozlenen goreceli gerileme 6nce sgentarikimini, daha sonra
da biyime hizinaninda (upon impactyeriletmektedir. Bgeri sermayenin
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uzun dénemde birikimi nihai olarak Ar-Ge aktivitesihizlandirmaktadir.
Bdylesi bir uzun dénem beklentisinin sonucundaGar-aratirmaci sayisinda
yeterince ary sglanmasiyla birlikte Ar-Ge Uretimi tekrar yikselmekve
ekonomik biytmeyi ivmelendirmektedir.

- Sonug olarak, saltgégim yatirminin tgvikine dayali bir kamu tgik
programindan beklenen olumlu sonugclarin orta-uzimechde zayiflamasinin
tespiti modelin en énemli bulgusu olarak géze caaftadir. Bu gdzlemler
altinda, devlet kaynak destekleme stratejiskisa-orta donemdegéim tes-
vikleriyle 6zendirilirken, orta-uzun dénemde Ar-@atirimlarinin 6zendiril-
mesiyle birlgtirilerek bir hibrid programin amaclanmasiaha uygun g6zuk-
mektedir.

Bu samada okuyucuya son bir uyari olarak, sosyal béidg tum
kantitatif modelleme calmalarinda da s6z konusu ofgulizere, elde edilen
politika sonuclarinin kullanilan modelin cebirsektiklerine duyarl oldgu-
nun unutulmamasini vurgulamak gerekir. HGD modé&timel patikanin
simllasyon egzersizleri ile karakterize edikgkilde, "iyi tanimlanmy" ve
"dlzgun" bir genel denge sisteminin, herhangi bitlk ve/veya yapisal dar-
bogaz yoklysunda tiketici ve Uretici optimizasyonu temelindengi#tigi bir
teknik laboratuvar cihazidir. Dolayisiyla, modebe&misinin ¢eitli politika
soklarina tepki olarak gercektirilen ayarlamalari ger¢cek ekonominin makro
istikrar Ozelliklerinin bir 6lcitl olarak ¢d, daha cok bir makroekonomik
similasyon grubunun laboratuvar 6zellikleriningdedan bir sonucu olarak
gorulmelidir. Bu nedenlerle, sonuglarimizin Uretistihdam, fiziksel ve be-
ri sermaye birikimi hakkindaki kamusal desteklerseyatirim politikalarinin
uzun vadeli denge etkilerinin kaba yagjtlemalari olarak kabul edilmesi gere-
kir. Boylesi bir sosyal laboratuvar ortaminda maéksel soyutlama duze-
yinde elde edilmi olan politika 6nermelerinin, modellenen ulusal r&mile-
rin daha gercekgci ve detayh analiziyle surekliralagelitiriimesi gergi e-
sastir. Bu ¢ajmada kullanilan ve Tirkiye ekonomisi igin bir ilknta 6zellgi
tastlyan Ar-Ge ve bgeri sermaye birikimine dayali i¢sel biylimeyi betdydn
genel denge yakjaninin bu yénde atilnibir adim oldgu inancindayiz.
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Ek: Verilerin Ayri stirllmasi ve Kalibrasyon Stratejisi

Kalibrasyon Adimlari

Modelin veri dengesine yonelik hesaplamalar icitirKlye Istatistik Ku-
rumu (TUK) girdi-cikti veri setinden 2002 yili Tiirkiye végti kullaniimstir.
TUIK verileri yillik akiskan degerler formunda oldgu ve aslinda statik denge
analizlerinde kullanilmak amaciyla derlegidicin, sermaye stoku, teknolojik
bilgi stoku, AR-GE harcamalari, bilyime oranlanz farani ve dénemlerarasi
fayda fonksiyonundaki iskonto orani gibi buylimeagoha ait bilgilerle des-
teklenmesi gerekngiir.

Bireylerin fayda fonksiyonunda yer alan dénemlesariiame esnekli,
1/o, Hall (1988) tahminlerindeki aralik dahilinde dagstir. Zaman tercihi
orani,p, Lucas (1988)'den alingtir. 1990 - 2005 yillari arasindaki Turkiye
ortalama biyime orani f&i sermaye Uretiminin ve AR-GE’nin biyiime
orani olarak secilngtir, bdylece ekonomide bangic denge blylume orani
ga(0)'dir. Baglangi¢ icin, g, olan faiz orani, daha sonoa p, ve g(0) ile tu-
tarli olacaksekilde hesaplanacaktir. Ayrica, sermaysitiginin asinma orani
sifir olarak alinmytir.

Tirkiye profesyonel kisel meslek kategorileri, orijinal T girdi ¢ikti
verileri isci girdileri datasini diizeltmek icin kullanilgtir. Temel 6l¢it olarak
alinan sermayeye gore getiri verisi IKUJgirdi-cikti tablosu veri tabanindan
sgglanmstir. Farkllatirilmis sermayenin getirisi vesgi kaynaklarina getirisi
kavramlari bu verilere dayanarak birbirinden ayalithaistir. Kalibrasyon igin
baslangic AR-GE Uretim stoku, endekslenefik dizeyinde normalize edil-
migtir. Boylelikle, Olcltteki yeni innovasyon (tasarfueprint) sayisi, yani
0a(0)=AA/A, ifadesi, buyume oraniylgidenmektedir.

Dengeli buyime patikasinin vagini garanti etmek icim, ve AR-GE U-
rindnin deerini Ax.AA, de dahil ederek toplam yatirirm ve yeni sermaye
¢esidi Uretiminin maliyeti kalibre edilnstir (bkz (26), ve (31)).

Mss

A

(35) denkleminden, denge durumunda= ga + oldugunu biliyo-

ruz. (31) GSYH gitli gini hatirlarsak:

n

PyY+PAA = W|_Ly+WH(Hy+HA) +
(1_ak)
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Arbitraj olmamasi denkleminin (35) ayrik zamanl lihia kullanarak
aH

(1+gpa)= (1+gA)R ve Ai=1 olarak koydgumuzu hatirlayarak AA=ga

olarak kullaniriz, bu bilgiler Panday kalibrasyonu igin gagidaki iliskinin
kullanilmasina yol acar:

_ 1+r
(L-a,)a,[GDP gAPA]—Fa(1+ o 1} (36)

P, anday arasindaki ikinci ggamanl ilgki "tasarruf- yatinm gtli gi* ko-

sulundan (26) elde ediltir. Buradan hareketleA = g verisinden yararla-
nilarak, aagidaki denklem elde edilebilir:

SAV=r.r].gL\.k+r.r|.k+PAgA

ap

Monopolist firmanin optimal fiyatlama kuralindan3djir = —%% | tasar-

ruf-yatirim 6zdeli gi asagidaki gibi tekrar yazilabilir:

1+r
+P, 37
2o Jerg, @

SAV deserlerini, nihai mal Uretiminde istihdam edilensbg sermaye Uc-
reti ve Y'nin katma dgerini datadan bulabiliriz. wyi birime normalize eder-
sek, bélgum parametresiy, ay = wagesH/Y olarak bulunabilir. Ve bdylece,
Hy = wagesH olur. A'nin denge durumundaki biyime onaf.015 olarak

aH.
aliyoruz. Daha sonra (L+0,,) = (@1+g,)" " kullanilarak ezamanli

iterasyonlarla R ve oy degerlerini model dengesiyle tutarli olacak bicimde
esanli olarak ¢ozebiliriz.

SAV: ak(gA +gPA) PA
rd-a,)

Faktor piyasalarini kalibre ederken, AR-GE Uretonksiyonunda w= 1
icin birinci derece ksullarini kullanarak,p=1/P, olarak alabiliriz. Benzer
sekilde, AR-GE dretim fonksyonundan A(0)=1 icin §H, ve g.=0.015 ile,
AR-GE'ye adanan kyeri sermaye miktarisagidaki gibi olur:

H, () = % =g,P, (38)



Ering Yeldan 55

Kalibrasyon icin, z, zy ve u’ye 0.50 dgeri verilmektedir. g'nin
(33)'deki tanimi kullanilarak toplam beri sermaye dizeyisagidaki gibi
¢cozilebilir:

— 9a
i (O) B ¢ZA (1_ UY) (39)

SAM verisindeki H, (38)'den H(0) ve (39)'dan H(0)'1 kullanarak, i
su sekilde kalibre edebiliriz:

H(0) = H(0) — H(0) — HA(0) (40)

Daha sonra, H(0) veri iken kalibrasyongdéenini Z = % =H(0) ola-

rak tanimlayalim. H'nin biyime orani (17) denkledsn:

H 1)

—=0y =0, =&z,A-uy)+ (Sge)\{:j (41)

H z

Ayrica optimum y kararindan (19):

u, = Aa, (%j - U¥Seely (42)
d(1-s")A-a)a, \z) ¢l-a,)a,

(41) ve (42) denklemlery ve & parametrelerinin dgrlerini bulmak icin
iterasyona tabi tutulngtur. Ayrik zaman kullanildgganda dengedeki harcama
blylume orangu sekildedir:

1o
(l+ rssj =1+ d. (43)
1+p

Bdylece nihai maldaki buyime ggc durumuna gelir. Sistemin geri kalani
uygulamali genel dengenin standart metotlari kubaak kalibre edilir.

Tablo A-1, ana veri setinden ya da kalibrasyondae edilmeyen dier
degisken ve parametrelerin fdangi¢ degerlerini listelemektedir. Turkiye
ekonomisinin bglangi¢c durumundaki (2005) makroekonomik deng8sisfal
Muhasebe TablosuSocial Accounting Matrix) ise Tablo A-2'de gasiistir.
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Tablo A-1. Yapisal Nitelikli Parametrelerin Varsayilan veya Kalibre

Edilmis Degerleri

Nihai mal katma dgeri icerisinde bgeri sermayenin payoy 0.139
Nihai mal katma dgeri icerisinde gguicinuin payig 0.214
Nihai mal katma dgeri icerisinde farklilgtiriimis fiziksel 0.647
sermayenin paygg
Ar-Ge Uretimi tretkenlik katsayisp, 0.00035
Beseri sermaye okumu okullgma Uretkenlik katsayIst, 0.012
Bilgi ve ¢ssitlendirmeden kaynaklanansgal tretkenlik katsayisy, | 0.020
Beseri sermaye okumunda ge¢crngiddnem sermayenin etkisl, 0.879
Birim farklilastiriimis sermaye malinda kullanilan girdi katsayrgsi, 12.983
Nihai mal tretiminde kullanilan lgeri sermayenin toplam igindekj0.158

ayl Hy
payt, H
Ar-Ge uretiminde kullanilan Beri sermayenin toplam igindeki | 0.421

ayl an
payt, H
Beseri sermaye uretiminde kullanilangeei sermaye stokunun 0.421
toplam igindeki payl,HFH

S P,AA 0.061
Milli gelir icerisinde Ar-Ge harcamalarinin payl—(gDF

S ) SAV 0.199
Milli gelire oran olarak 6zel tasarruflai——

GDF

S . . M 0.202
Milli gelire oran olarak oligopolctu karlam
Tiketicilerin zamanlar arasi ikame esngikkatsayisio 1.0001
Ozel indirgeme oranp 0.030
Gelir vergisi orani,t 0.032
M ve DC,ecc arasindaki Armintongil ikame esnekli 3.000
E ve DCecer arasindaki CET sistemi esneklik katsayisi 3.000
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Gender Discrimination in Non-Insured Employment
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Abstract

The objective of this work is two-fold: first, teeertain whether the appli-
cation of European Union laws (Directive 2004/11®l d&irective 2006/54)
governing defined-benefit employment pension pland incompletely in-
sured but funded pensions was, in fact, discriroityain several countries,
namely France, Germany, ltaly, Spain, Sweden aedUhited Kingdom.
Having found that such discrimination was the case, second goal is to
calculate the cost of that discrimination to thepkyers.

It is found that the discriminating effect emergedjardless of whether
same-gender or different-gender tables were useddlrulating benefits;
furthermore, the level of discrimination was seerrise in tandem with the
retirement age. This phenomenon can be ascribethetosurvival rate of
women being higher. The actual cost of the diseration was determined by
isolating the effect of the interest rate and ¢nggaad hocsurvival charts that
would eliminate the bias inherent in insurance-canyptables. These two
presentations of data are expressed both in tefrasrwity per unit and of
GDP, projected until 2015.
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1. Introduction

More than a decade ago, the European Union embarkadmission to re-
alize the ideal of equal treatment for men and woaed drew up a specific
strategic Program (2001-2005) to achieve that geakited in a major study
(Woodward, 2008), there then followed an exhaustigéalog of gender-
mainstreaming actions mandated by the EU to brimgut equality of the
sexes. Among these have been several regulatonyreements to banish dis-
crimination based on gender from the workplace;rthional legal systems
within the EU member states have had to adaptetsetidirectives.

However, as a number of authors, e.g., Eylenbo$886),have pointed
out, in spite of the real advancements made towsedgoal of equal treat-
ment, the area of complementary pensions has yekperience such a re-
form. The notion of equality in this sector mudtganto account not only the
EU-wide regulations (Luckmans, 199G\t also the ways in which the na-
tional pension systems operate.

This complex situation is what sparked our inteneghe study of various
topics within it. In addition, the repercussiongloé relevant European Union
bylaws for member countries besides our own (G@zzRlabanal and Saez de
Jauregui Sanz, 2006) had to be investigated fordawations from the pre-
dicted impact on Spain (given the different soseturity systems existing in
EU member states).

The views of the European Union on the adminigiratbf pensions by
businesses could be summarized as follows:

INSTRUMENTS:
PENSION COLLECTIVE
PLANS INSURANCE
WORKER —— » EMPLOYER » INSURANCE
DIRECTIVE 2006/54 DIRECTIVE 2004/113

That is, there are two EU Directives covering fhiset of national life. Di-
rective 2004/113, financial in nature, basicalljnad at insurance schemes
and called for—with the exceptions mentioned inidlet 5—the use of set
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tables. The additional costs arising from the d#fe longevities of men and
women would be borne by the insurance compailnies.

For its part, Directive 2006/54 focused on emplogtrend, therefore, af-
fected both collective life insurance plans withhgien commitments and
employment pension plans. However, unlike its ptedsor, this Directive
surprisingly chose to not consider the usage d¢int tables discriminatory.

2. The problem

The possibility of gender discrimination occurrimgthe field of pensions
has given rise to widespread concern. Several efu@dimong them Marier
(2007) have highlighted the tendency of women tdhigeones who leave the
workplace in order to take on family responsil®kti thus presenting a less
stable contributory pattern.

The present study also touches on a much moreesdisttrimination fac-
tor: the one derived from the gap in lifespans leefwvmen and women. This
is what increases the cost of hiring women from st@dpointof defined-
benefit employment pension plans that are not fullynsured ?

1.- If different survival tables are used when aldting the same benefit
for both genders, the employer has to boost th&ibotions made on behalf
of its female workers and thus has a financialritige to hire only men.

2.- In the case where unisex tables are used,hehpst for female em-
ployees will also be generated for the employeis Thtrue due to the com-
pany’s having contributed the same amount at tiginbing for both men and
women and later realizing that most men die eadiet, therefore, create an
actuarial benefit from the return of the contribas made on their behalf. No
such actuarial benefit will accrue from the comparigmale staff members.
Again, this disparity may cause the employer totéryavoid hiring women.
Obviously, if the policy goal is stopping the buwsss community from dis-
criminating against women when hiring, that comrtmiill have to be com-
pensated for the added cost being imposed on it.

So, if the employer is not to discriminate agawstmen, the amount of
compensation to be paid to it will have to be odiyequantified so that the

1 This way, discrimination was thought to be avoidaat,a new distortion was thereby gener-
ated that could affect the very solvency of theiraace companies. If they were to act as
rational economic agents, they would raise theepriaf their products (i.e., the fees), thus
shifting the burden of funding the EU’s policy afrgler equality onto the insurance policy
purchasers (the employers). In turn, there wagptssibility of the employer trying to pass
this increment on to consumers by charging moré$ageroducts.

It should be remembered that pension plans thaster the risk onto an insurance company
will not be discriminatory if the use of a unisable is mandated.
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gender of prospective hires becomes a moot pdims. this calculation that
our investigation was focused on.

3. Calculation of the amount of compensation

It is necessary to calculate the total surplusrefiepresented by the actual
value that the employer has to take on when hivioegen, since their lon-
gevity is greater than men’s.

Such a surplus effort will be the difference betwéle actual actuarial
value of the capital that must be created for mmaoh far women when they
reach their retirement age.C

If C,is the capital that must have been createdbehalf of a man at his
retirement age;xthen its actual actuarial valug & age x,COX , Is equal to:

1 n
CO>< =nPx [éj |]:n
1+i (1)

Where:

i: annual benefits of capitalization (interest jate

X: man’s actual age

X;: retirement age

n: number of years between x and x

npx: probability that a man x years old will reacin years of age
In the case of women, the following expression wdlobtained:

1 n
COy =n py Eé_j |][:n
1+i (2)

Therefore, the difference of the actual actuasialue between a man and
a woman of the same age, x=y, helps establish the totallssi effort at its
actual value, 3, and is expressed as follows:

3 That is to say, it is the amount that has to Hzeen created by the age i, if the person still
lives, which is equivalent to the actual value isflife annuity when he reaches that age.

It is interesting to consider what situations nigffset the surplus effort of the employer
year by year. There could be cases where a womékewdies or leaves the company, and
the employer has already been compensated far gu¢h a case, if the total surplus effort
has already been calculated and the employer heedgl been compensated in full, should
the amounts unduly received be returned?

In the international actuarial nomenclature, itégnmon to use letter x to represent the age
of men, whereas letter y is normally used to expvesmen’s ages.

4
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1) 1) 1)
=C, -C, = —| [C,- —| €, =(,p,~ — | C
S/A 0, Oy npy[€1+ij n npx[€1+i) n (npy npx)[€1+|) n(3)

With this formula, the total surplus effort at &stual value is determined.

In order to calculate the annual amount of suchrgplgs effort, the starting
point will be the inverse concept, that is to ghg,actuarial capitalization of the
initial contribution G. This way, the final capital (&t retirement age will be:

Cn :i[ﬂl-i-i)n [CO
n Px (4)

If the process of actuarial capitalization is amaty, year by year, then for
an initial contribution A, as well as the ones in the following years, &t th
beginning of each annuity;A. A4, the following will be obtained:

Capital at the end of year 1:

C,= i) A,
Py (5)
Capital at the end of year 2:

C, = tf+i)C, +A)
Pyt (6)

Capital at the end of year 3:

G, Zpl[ﬂlﬂ)mC2+A2)

(7)
Capital at the end of year n:
1 .
Cn = [ql+l)qcn—l + A1—1)
px+n—1 (8)
Where:

P.;: degree of probability that a male aged x+j wtill be alive by
x+j+1
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Since the probability of living to a certain agegi®ater for women than
for men (p>p,), the inverse of it means the probability is geedbr men;
therefore, starting with the same actual valug &d with the same age for
both sexes (x3y the final capital obtained will be greater in these of men
than in the case of women of the same age, givanttie total difference of
capitalization (D) produced between the two gendetise following:

P N e g O
n px n py n px n py (9)
Thus, when an employee reaches the end of his rowbkking life and
takes retirementf the corporate employer is compensated at this rtie
with an amount equal to the disparity, the discrimnation (and cost dis-
advantage) caused by the longer life-expectancy wiomen will have been
neutralized.

It should be noted that in the calculation of thst lequation there is a fac-
tor (i) representing the amount of interest comfirggn the capitalization of
the pension fund that will depend on the skill loé plan’s manager at invest-
ing the fund’s assets.

If this factor is not eliminated from the competiatcalculation, the re-
sulting amount is distorted because what is soigjltompensation for all
employers, regardless of the benefits gained fropessor fund management
or from hiring only women.

In order to eliminate this distortion, the valuetbé compensation is cal-
culated, year by year, and not at the end of timignbut at the beginning of
it, thus yielding the following equation:

During the first year, the difference created atehd of it will be:
D, = (i_i] fi+i) o,
pX py (10)

If this first annual difference Ds corrected, that is to sa¢, =C, + D, ,
then the difference at the end of year 2 will be:

D, :[i—iJ L+ )G, + A)
px+1 py+1 (11)
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And so on. If all the differences obtained havenbearected, then the dif-
ference at the end of yeawill be:

Dn:( Lot )Eﬂl’fi)ﬂcﬁ-ﬁ&ﬂ)

px+n—l py+n—1

(12)

In general, at the end of any year t, the diffeeginccapitalization will be:

Dt:( t 1 Jtﬂlﬂ)mc:_lwl)

px+t—l py+t—l

(13)

This last equation is divided by (1+i) in orderdalculate the value of the
compensation at the beginning of the year rathen tt the end of the year.
This way, the difference in the value of capitaii@a will only depend on the
divergent longevity values, which are representgdhie inverse of the sur-
vival probabilities’

DF[ L4 Jtﬂlﬂ)tﬁﬁjmc:_lwo

Pest-r Pyata

(14)
Calculating:
1 1 R
Dt = [ - J th—l + A—l)
px+t—1 py+t—1 (15)

This means that, year by year, the differencesymed at the end of each
year (as a result of the different value gfapd of p) have been corrected,
that is: G= G+D..

is the difference in the probabilities for suntie the be-

{ 11
Px+t-1 Py+t-1
ginning of the annuity for a given age between lggthders; (G+A.1) repre-
sents the capital at the beginning of the annutcé the differences due to
the unequal lifespans of, pnd g have been corrected, including the initial
contribution A); and (1+ i) is one plus the annual capitalizafitierest cre-
ated.

5 It is divided by (1+i) in order to let us calcwdathe compensation at the beginning of the
first year instead of at the end of it. This waye difference in the value of capitalization
will be made to depend only on the different lorigevalues, which are represented by the
inverse of the life expectancies of both genders.
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Thus, the difference in the capitalization valud wamly depend on the dif-
ferent longevity values of both genders and notthen value of “i” (which
“has disappeared” from the formula).

Defining the compensation value in terms of unitcapital at the begin-
ning of the annuity results in:
1 1

v,
- (16)

Whered, represents the annual amount per unit of cajitdldalances the
company'’s surplus effort derived from having hivesimen instead of men.

This number depends, as stated, on the differemabe inverse of the
probability of a person whose age is x survivingther year; this applies to
both genders of the same age, at the beginnirtgeatdrresponding annuity.

If the goal is to calculate the subsidy to be paydthe state to the em-
ployer in order to prevent sexual discriminatidme following data must also
be known: the number of female workers that belmnthe employment pen-
sion plan, the age of each at the beginning ofatirauity, and the constituted
fund amount at the beginning of the annuity fornedthe amount per female
worker will be:

g=d,C (17)

Where: C = Gt+A,, that is, the capital of the female’s worker pendiund
at the beginning of the annuity, including the citmition made at the begin-
ning, if any was made.

The total amount (E) to be paid to the employer wilbe the sum total
of all the female workers’ amounts.

As seen before, in order to calculate the valug,at is necessary to know
px and p (life-expectancy rates), which are calculated ftbe mortality rates
for each age and gender.

The biometric tables normally employed in Europettiy insurance com-
panies (GRM80, GRMF95, and, in Spain’s case, PERBIBB) were unac-
ceptable for our purposes, being inherently bigsedconsisting entirely of
statistics of the insurers’ own clientele. In afutt they included a security
surcharge.

For this reason, we found it necessary to credtéoctables specific to
each of the countries under study. Specifically oly&ined the following data
from the Eurostat; (a) the number of people aliveeach age, and (b) the
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number of people deceased at each age, differi@gtinbth sets of data by
gender.

The next step was to establish the mortality ratéich had to be quanti-
fied so that samplésould be taken for calculating the probabilitysofvival
at each age from then on, that jsapd p.

All the data being assembled, the statisticalW@s used to find the mor-
tality rate for each age x.

The following hypothesis was posited: deaths astriduted uniformly
throughout the whole year. This assumption ledhi® formula:

0.5(Df + Dfﬂ)
P, + 05D, (18)
Where:

Qx=

D2 = Deaths occurred during year a, at age X.
D3 = Deaths occurred during year a+1, at age x.
P2 = Population present on December 31 of year a, wha gears old.

According to Eurostat, not all the countries undgierdy had data for the
year 2002 available, forcing us to make do withigtias from 1998, 1999,
2000, and 2001 (deaths only for the latter). It weasided to choose a tempo-
ral interval of several yedrso as to lessen the distortionary effects coming
from any extraordinary occurrences.

We then had to adjust the mortality rates we foianglet them more in line
with generally accepted averages for these pherandakeham’s model of
biometric adjustment was used to achieve this.

The creation of new mortality tables required mgkanbiometric adjust-
ment to the existing data in order to calculatertra probability of deat/i
i.e., the probability of an individual belonging @oparticular generation, aged
X, dying before reaching x+1 years of age.

Makeham’s model states that the number of surviaged x (Ix) is calcu-
lated with the following equation:

The quantification of the observations (Qx)

In order to avoid extraordinary disruptions thagimh take place in a given year that would
distort the mortality numbers, obtaining statisticdormation for a period exceeding one
year was deemed desirable. In our case, it turnetbde three complete years.

That is to say, the one that keeps to the biomptiterns.
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X=ks' ¢

Therefore, in order to gef,ghe procedure would be the following:

g kégcx (19)

To estimate the parameter of this model, King-Hardgethod is called
for. Take the Iogarithnjfg in the last equation:

log(px) = log(s) +¢*(c ~1)log(g) (20)
Where:

A=log(s), B=(c-Dlog(g) (21)
Then:

log(px) = A+ Bc* (22)

In view of earlier observations, pan be known, and the proposed equa-
tion is solved to yield the values for the paramset g, C.

King-Hardy’s method defines three numbers, S1,SX? where:

Xott-1 Xgt2t-1 Xg+3t-1

Sl= >log(pY) S2= >’log(px) S3= > log(px) (23)
X=Xy X=Xg+t X=Xy +2t

Replacing:
Xpt+t-1 Xgt+t-1

Sl= ) (A+ B¢) =tA+ BY ¢
x=% x=% (24)
Xg+2t-1 Xot2t—1

S2= ) (A+ BC)=tA+ BY &
X=Xp+t X=Xg+t (25)
Xp+3t-1 Xp+3t-1

S3= > (A+ BE)=tA+ BY &
X=x+21 X=X +2t (26)

10 Logarithms can be natural or Neperian.
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From this system of equations;

[-2
cC=t/——
S2-3 (27)
_(S2-8)(c-J
B= Xg [ At 2
s1- peo &1
A: C_l
t (29)

For the calculations needed for the solution ofghttern under study, the
specimen table was divided into several stretches.

Given the length of the Eurostat data, we optadKe three stretches of 33
for the Spanish, French, Italian and Swedish cdsesn the sum of loga-
rithms of g for t = 33, %=1,

X =33 X =66
SL= ) LN(px) S2= > LN(px) X=99
v x=34 S3= ZLN(pX)

x=67 (30)
In the case of Germany, we decided to use threal styetches of 31. For
t=31, %=1;

X=31 X=62 X=93

S1= > LN(pX) S2= > LN(px) S3= > LN(pX) (31)

x=1 x=32 X=63
In the case of the United Kingdom, we used threetdties of 28. For
t=28,%=1;
X=28 X=56 X=84
S1= > LN(px) S2= ) LN(pX) S3= D LN(px)
x=1 x=29 x=57 (32)
The data for Spain had been obtained previouslyn¢@lez-Rabanal and
Saez de Jauregui, 2006) through the same procedure.
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Thus, once pand g were calculated, thad hocmortality tables could be
created for each one of the selected countrieshioryears 1998 through
2001. They were named as follows:

Spain: PEM2005 (for males) and PEF2005 (for females

United Kingdom: PUKMZ2005 (for males) and PUKF208& females)
Sweden: PSM2005 (for males) and PSF2005 (for fespale
Germany: PAM2005 (for males) and PAF2005 (for flasg

France: PFM2005 (for males) and PFF2005 (for fem)ale

Italy: PIM2005 (for males) and PIF2005 (for females

Results of the calculatioHsare shown in Table 1.

Once the values of,@nd p were known, it was possible to figure out the
amountd, of the subsidy needed for those values.

The calculated results af, for each country are given in Figures 1 to 6.
The values ofl, according to different mortality tables in eacluctry versus
the Spanish ones, are also shown.

Below, we also determine the cost of the above-ieetl compensation
for the employers in terms of GDP, for each country

The amount per female worker that should be pattiedeemployer (g de-
pends on two factorsl, and the amount of the woman’s pension plan at the
beginning of the annuity.

The total amount (f of the subsidy depends on the total number of fe-
male workers covered by the employment pension plan

Firstly, it is necessary to calculate the numbepafticipants as well as
their personal assets. In the absence of informatiothe number of pension-
plan participants or their distribution by age amhder, this calculation was
accomplished as follows:

1) The different percentages dffor each country (calculated from caxl
hoc mortality tables), as compared with the Spawisfor each age and gen-
der were determined.

2) A behavioral measurement was made for agesnaffigim 16 to 85.

11 Ad hocmortality tables were constructed with four yearsormation: 1998-2001. This
period was selected in order to have enough obdetata.

2 The mortality was 15% greater in the so-callechad mortality tables than in the conven-
tional ones of the insurance companies, as mertiaheve.
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3) This average value was multiplied by the Spasigbsidy/funds ratio,
since distribution of personal assets by age amdleyeis unknown in the
other countries. Thus, an estimated corresponditig for each country could
be arrived at through the comparative behaviaf,of

4) Once the behavior of the subsidy/fund ratio Waswn, along with in-
formation on the existent funds (personal asseteyseen by Inverct we
projected it forward with regression techniquesilsinto those used for the
Spanish case; these values were multiplied, andubsidy amount was cal-
culated in absolute terms.

Thus, subsidy/funds (data adjusted according tdliffierential behavior of
dy in the other countries compared to the Spanisé)ocafunds (data provided
by Inverco that were projected forward) = amounswdbsidy.

5) The GDP figures for each country (obtained fribva Eurostat) were
projected into the future through regressibhmaking it possible for us to
estimate each country’s subsidy/GDP ratio for teeqga 2005-2015.

These calculations are displayed in Figures 7 to 12

4. Conclusions

In the last few years, legislation on equal treatirfer men and women
has been declared of utmost priority within the dpgan Union. However,
proclaiming gender equality is not enough to maleereality in the sphere of
pension plans, especially funded pensions. The meason for this is the
disparity in the life expectancy between men andnem, as proven by the
present research.

The greater longevity of women means that, for@maeamount of contri-
bution (defined contribution), if benefits are collected as capital (financial
income), there will be no discrimination due to den This is true because
men and women receive the same amount when thely reerement age, but
it does generate discrimination when such benafigspaid in the form of a
perpetual annuity. In fact, the amount due to womseals up being less, since
the same quantity has to be prorated among a graateber of years.

If the income is defined, there are two possibtaatsions: either the in-
come is insured or it isn’t; and in either case, dption exists of applying
equal or different survival tables.

13 Spanish Association of Collective Investment Schearsl Pension Funds
14 polynomial regression models are estimated byr#ibod of least squares.
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In the case ofnsured defined income,if same-gender tables must be
used, straight discrimination will not be generatgtit away; however, insur-
ance companies will feel the pinch, since theitsodgll rise as their female
pensioners live longer.

This expense will undermine their financial welkige so there will be a
tendency to restore the balance by raising premidim®ffect, passing on the
increased cost to their customers, i.e., the catpa@mployers who have pur-
chased the policies. In turn, the corporate emplayd try to offset the
higher cost it is now bearing, by either raisirgyawn prices in the market-
place for its goods or services or by lowering ses&afor all of its workers.
Thus, the inefficiency inherent in this scenariatieither the policyholder
(the employer) or the final consumer of its produgthen it chooses to trans-
fer the cost forward, or it hurts all personnelthié transfer goes backwards,
affecting salaries and related expenses. It sheeilchentioned that, given the
diffused characteof this cost, not much rejection is seen, thougloes exist.

If the use of different tables is permitted, distriation is again not pre-
vented. In this case, the employer is requireday ligher premiums for fe-
male employees (due to their greater longevity) thond may be disinclined to
hire them.

In the case of non-insured defined benefits, ifdpplication of different
tables is permitted, the higher cost of hiring waneborne by the employer
beforehand.The company will be charged a higher contribution &ach
woman worker than for its male workers so thatittseirance company will
be able to provide the same benefits to both sefeshich the women usu-
ally live longer than the men; as a consequeneeethployer may well avoid
having women on its staff, tantamount to outrigbtdmination.

If the defined income is not insuregnd, at the same time, there is a re-
qguirement to apply a same-gender table, the higbstrof employing women
again falls on the employer, but this time aftexgarThis happens when the
company realizes that by hiring men, who die befeoenen do, it will derive
an actuarial benefit from men that will not be famaming from the female
staff; therefore, such an organization has an ine2to avoid having women
become a part of its personnel, discriminatiegactoagainst them.

Obviously, most of the possibilities laid out abdead to discrimination
one way or another, and its relevance and magnitugkt be analyzed and
measured.

The conclusion of this research is that the difiedde expectancies of
men and women undo the good intentions of laboicigsl aimed at elimi-
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nating gender discrimination, regardless of whetseme-gender tables or
different tables are applied.

Therefore, if the desire of the EU authoritiesdstamp out gender-based
discrimination, they will have to start compensagtithe employer for the
higher cost it bears in the form of higher premiufiisdifferent tables are
applied) or for its loss of actuarial benefitsg@me-gender tables are applied).
Such compensation should be a subsidy grantedetertployer that would
remove the cost differential attached to the hiohgromen.

Our proposal is to have this compensatory subsily lpy the state to each
employer, consisting of an amount equal to the obdiringing about non-
discrimination on the premises. Beyond the indigldtorporation, society as
a whole would benefit from having a workplace crédtihat was, in effect,
non-discriminatory.

This subsidy could be financed through a tax (é¢buation) on labor; if so,
the cost of employing manual labor would reboundh® latter's benefit.
Alternatively, it could be sourced from the gendeat system and be chan-
neled as a direct payment to the employer at tleoférihe year; or else, a
deductible expense could be taken by companies wagmining their tax-
able income each year.

The amount of necessary public subsidy must beauledd, for every fis-
cal year,by multiplying the product of the capital of theng®n plan that is
constituted for each worker at the beginning of dhauity by the difference
of the inverse probabilities of surviving a yeander existing between gen-
ders for each working age.

It is possible to calculate in this way the amaolantany country, although
France, Germany, ltaly, Spain, Sweden and the Ukewehosen for being
particularly suitable for study due to the promiceithat pension and funded
plans have in the layout of their social welfarsteyns and their relative size
in the EU’s overall economy.

In addition, the designed calculation model allouwss to estimate the
amount of compensation for any given year.

The projection of this amount has been done upi®b2both in absolute
terms and in relation to GDP. As an intermediatellte we developedd hoc
mortality tables for the prevention of the alreadgntioned security sur-
charge. They also represent a distribution of pafph divided by gender
exactly as it is in realitythis enabled us to calculate the difference inuah
actuarial capitalization between men and women.
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The use of these tables proves that there is aldizgsimination and that
it increases with age. This suggests a higher atmiusubsidy(for all ages
between 34 and 78han what the Figures typically used by the inscean
companies would indicate.

A method of calculation was worked out to avoid ithpact of the interest
rate on the determination of the compensatoryraaking it applicable to any
pension plan, regardless of the return of its adipétion.

Thus, depending on the composition of a compangtsgnnel in terms of
age and gender, the amount of the appropriatedguloain be known so that
the EU’s stated goal of non-discrimination betwewn and women can draw
closer to being realized at last. This will, of s} require each EU state to
assume the associated costs in order to put nenirdinatory measures into
practice.

Obviously, any legislative changes that play witk hational retirement
age—by either reducing or delaying it—also haveti@ct on the makeup of
the subsidy; accordingly, when the retirement agelélayed, the amount
would increase, since more men will have died amtrespondingly, more
women will remain alive, thus having more pensiagsrued in their favor.
That is, the value al, is greater (as shown by Figures 1 to 6).

It is clear that, only if the national authoritigs the different member
states of the EU are willing to assume the diffeatrcost of hiring women
under pension plans of the non-insured defined4itegpe (which happen to
be considered one of the basic elements of sooigtion in the countries
that were analyzed) will it be possible to rigotguspply the principles im-
plicit in the EU’s rulings on equal treatment foen and women.
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Table 1. Mortality table calculated ad hoc for the different countries

SPAIN
PEM2005

0,00041319
0,00041688
0,00042094
0,00042539
0,00043029
0,00043568

0,0004416
0,00044811
0,00045526
0,00046313
0,00047178
0,00048128
0,00049173
0,00050322
0,00051585
0,00052973
0,00054499
0,00056176

0,0005802
0,00060047
0,00062276
0,00064726
0,00067419
0,00070379
0,00073633

0,0007721
0,00081143
0,00085465
0,00090217

0,0009544
0,00101182
0,00107494
0,00114432
0,00122059
0,00130442
0,00139657
0,00149786

0,0016092
0,00173159
0,00186611
0,00201397
0,00217648
0,00235511
0,00255144
0,00276722
0,00300438
0,00326503
0,00355149
0,00386629
0,00421225
0,00459243
0,00501019

GERMANY FRANCE
PEF2005 PAM2005 PAF2005 PFM2005 PFF2005

0,00021665 0,000308288 0,00016116 0,0003992 ,0002r029
0,00021709 0,000311891 0,00016215 0,0004037 ,00022103
0,00021759 0,000315863 0,00016326 0,0004086%,00022187
0,00021814 0,000320242 0,0001645 0,00041408 ,0002r281
0,00021877 0,000325069 0,00016588 0,000420040,00022385
0,00021948 0,00033039 0,00016742 0,00042659 ,0002r503
0,00022028 0,000336257 0,00016915 0,00043377 ,0002P633
0,00022117 0,000342725 0,00017107 0,00044165 0,0002278
0,00022218 0,000349855 0,00017322 0,0004503 ,0002r944
0,00022332 0,000357715 0,00017562 0,00045979,00023127
0,0002246 0,00036638 0,0001783 0,00047021 0025331
0,00022604 0,000375932 0,0001813 0,00048165 ,00028B56
0,00022766 0,000386463 0,00018465 0,0004942 ,00028816
0,00022949 0,000398073 0,00018838 0,00050798),00024102
0,00023154 0,000410872 0,00019255 0,0005231 ,00024423
0,00023386 0,000424981 0,00019721 0,0005397 ,00024781
0,00023646 0,000440535 0,00020242 0,000557910,00025181
0,00023939 0,000457682 0,00020823 0,0005779 ,00025628
0,0002427 0,000476585 0,00021473 0,00059985 00025129
0,00024641 0,000497424 0,00022198 0,00062393,00026689
0,0002506 0,000520397 0,00023007 0,00065036 ,00027315
0,00025531 0,000545722 0,00023912 0,000679370,00028015
0,00026061 0,000573641 0,00024922 0,0007112 ,00028798
0,00026658 0,000604418 0,0002605 0,00074614 ,00028673
0,00027331 0,000638347 0,0002731 0,00078449 ,00030652
0,00028087 0,000675749 0,00028718 0,00082658 ,00031.746
0,00028939 0,000716981 0,00030289 0,00087278 0,0003297
0,00029899 0,000762435 0,00032044 0,00092348,00034339
0,00030978 0,000812542 0,00034005 0,00097912 0,0003587
0,00032194 0,000867778 0,00036194 0,00104018 ,00037581
0,00033563 0,000928668 0,00038639 0,0011072 ,00030495
0,00035103 0,000995791 0,0004137 0,00118076 ,00041635
0,00036838 0,001069784 0,0004442 0,00126148 ,00044029
0,00038791 0,001151349 0,00047826 0,001350070,00046705
0,00040989 0,001241261 0,0005163 0,0014473 00040698
0,00043464 0,001340374 0,00055879 0,001554 000%B044
0,0004625 0,001449626 0,00060623 0,00167109 ,000856786
0,00049386 0,001570056 0,00065922 0,0017996 00060971
0,00052917 0,001702804 0,0007184 0,00194062 0006565
0,00056892 0,001849129 0,00078448 0,00209538,00070882
0,00061367 0,002010416 0,00085829 0,002265210,00076732
0,00066405 0,002188194 0,00094071 0,00245158),00083274
0,00072076 0,002384144 0,00103276 0,00265609 0,0009059
0,0007846 0,002600121 0,00113555 0,0028805 00098769
0,00085647 0,002838165 0,00125035 0,00312679,00107916
0,00093737 0,003100526 0,00137854 0,00339699,00118143
0,00102845 0,00338968 0,00152169 0,00369343 ,0012B578
0,00113097 0,003708355 0,00168154 0,00401873,00142363
0,00124637 0,004059552 0,00186005 0,0043756%,00156659
0,00137628 0,004446578 0,00205938 0,00476729,00172644
0,00152251 0,004873072 0,00228195 0,005196870,00190515
0,00168711 0,00534304 0,00253047 0,00566819 ,00210496
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SPAIN
PEM2005

0,00546924
0,00597364
0,00652783
0,00713671
0,00780563
0,00854045
0,00934763
0,01023421
0,01120792
0,01227723
0,0134514
0,01474057
0,01615582
0,01770928
0,01941419
0,021285
0,02333749
0,02558885
0,02805781
0,03076476
0,03373183
0,03698309
0,04054462
0,04444466
0,04871372
0,05338476
0,05849322
0,06407721
0,07017755
0,07683786
0,08410459
0,092027
0,10065715
0,11004976
0,12026202
0,13135331
0,14338481
0,15641899
0,17051889
0,18574729
0,20216565
0,2198328
0,23880343
0,25912622
0,28084177
0,30398021
0,32855846
0,35457732
0,38201826
0,4108401
0,44097563
0,47232838
0,50476963
0,538136
0,57222788
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PEF2005

GERMANY FRANCE
PAM2005 PAF2005 PFM2005 PFF2005

0,00187239 0,005860888 0,00280797 0,006185240,00232835
0,00208094 0,006431465 0,00311779 0,00675243 0,0025781
0,00231566 0,007060106 0,00346371 0,00737458,00285732
0,00257986 0,007752676 0,00384991 0,008056970,00316946
0,0028772 0,008515626 0,00428106 0,00880541 ,003%184
0,00321185 0,009356042 0,00476237 0,009626210,00390845
0,00358846 0,010281715 0,00529966 0,010526310,00434446
0,00401228 0,0113012 0,00589938 0,01151329 0048318
0,0044892 0,012423893 0,00656876 0,01259542 ,00537649
0,00502585 0,013660102 0,00731583 0,013781770,00598525
0,00562967 0,015021141 0,00814953 0,01508222 ,006@6555
0,00630901 0,016519412 0,00907983 0,016507560,00742576
0,00707326 0,018168506 0,01011781 0,0180696 ,00827517
0,00793295 0,019983309 0,0112758 0,01978118 ,0092r418
0,0088999 0,021980111 0,0125675 0,0216563 1028834
0,00998738 0,024176727 0,01400815 0,02371024 011465854
0,01121023 0,02659262 0,01561467 0,02595961 ,01278109
0,01258512 0,029249038 0,01740582 0,02842246),01426796
0,01413068 0,032169146 0,01940243 0,03111843,01591686
0,01586779 0,035378176 0,02162756 0,034068810,01775749
0,01781977 0,03890357 0,02410674 0,0372967 01981172
0,02001269 0,042775134 0,0268682 0,04082709 ,0221038
0,02247563 0,047025182 0,02994312 0,04468702,02466059
0,02524101 0,051688689 0,03336588 0,04890569,02751182
0,02834492 0,056803425 0,03717434 0,053514420,03069037
0,0318275 0,062410089 0,0414101 0,05854713 03425251
0,03573327 0,068552417 0,04611881 0,06404009,03817821
0,04011154 0,075277267 0,05135043 0,07003199,04257144
0,04501684 0,082634677 0,05715948 0,07656436,04746045
0,05050925 0,09067787 0,06360532 0,08368125 ,0528807
0,05665485 0,099463209 0,07075231 0,09142939,05894198
0,063526 0,109050079 0,07867001 0,09985798  5@5@68
0,0712017 0,11950068 0,08743321 0,10901896 07310515
0,07976778 0,130879711 0,09712196 0,118966410,08136604
0,08931701 0,143253925 0,10782135 0,12975657,09051668
0,09994904 0,156691532 0,11962121 0,14144739,10064157
0,11177018 0,171261405 0,13261557 0,15409808),11183037
0,12489278 0,187032092 0,14690181 0,167768540,12417758
0,13943442 0,204070568 0,16257951 0,18251859%,13778178
0,1555165 0,222440718 0,1797489 0,19840686 15214468
0,17326244 0,242201521 0,19850885 0,21549003,16916975
0,19279505 0,263404897 0,21895427 0,2338211 1871504
0,21423328 0,28609321 0,24117296 0,25344791 ,20681762
0,23768797 0,310296424 0,2652417 0,27441131 228287
0,26325666 0,336028905 0,29122169 0,29674297 0,2515051
0,29101723 0,363285931 0,3191532 0,320463 76603
0,32102051 0,392039941 0,34904952 0,34557728),30386114
0,35328169 0,422236656 0,38089025 0,372074660,33303329
0,38777091 0,453791192 0,41461421 0,399923840,36420986
0,42440306 0,486584394 0,45011215 0,42907035 ,3973b056
0,46302755 0,520459617 0,48721972 0,459433470,43236874
0,50341858 0,555220312 0,5257113 0,49090338 ,4691P376
0,54526706 0,590628749 0,56529549 0,52333873,50741394
0,58817533 0,626406334 0,60561292 0,55656478 54697081
0,63165636 0,662235925 0,64623772 0,59037258),58745549
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SPAIN

PEM2005
0,606809
0,64160747
0,67631874
0,71061072
0,74413124
0,77651811
0,8074115
0,83646844
0,86337858
0,88788043
0,90977657

ITALY

PIM2005
0,000408553
0,000410697
0,000413074
0,000415711
0,000418634
0,000421877
0,000425473
0,000429461
0,000433883
0,000438788
0,000444227
0,000450259
0,000456948
0,000464366
0,000472593
0,000481717
0,000491835
0,000503056
0,0005155
0,0005293
0,000544604
0,000561575
0,000580397
0,000601269
0,000624416
0,000650086
0,000678553
0,000710121
0,00074513
0,000783953
0,000827006
0,000874749
0,000927694
0,000986407
0,001051515
0,001123716
0,00120378
0,001292563
0,001391015

GERMANY FRANCE
PEF2005 PAM2005 PAF2005 PFM2005 PFF2005
0,67513896 0,697766573 0,68668336 0,62451924 6284583
0,71798075 0,73262103 0,72641404 0,65872979 ,669%0276
0,75949001 0,766406221 0,76486215 0,69270093,71005485
0,79895713 0,798726653 0,80145201 0,72610669D,74953874
0,83569489 0,829200441 0,83562925 0,75860658),78735906
0,86908534 0,85747726 0,86689431 0,78985573 ,822aP971
0,8986291 0,883257098 0,89483738 0,81951728 85510784
0,92399107 0,906308312 0,91917091 0,847276240,88523058
0,94503525 0,926483172 0,93975541 0,872854360,91115098
0,96184134 0,943728907 0,95661378 0,896024770,93326836
0,97469752 0,958092485 0,96993053 0,916625340,95154833
UNITED
KINGDOM SWEDEN
PIF2005 PUKM2005 PUKF2005 PSM2005 PSF2005
0,000180342 0,000367606  0,000144786  0,80039 0,000126419
0,00018083 0,000369962  0,000146442  0,066200 0,00012725
0,00018138 0,000372577  0,000148276  0,080802 0,000128179
0,000182 0,000375478  0,000150308  0,00080426,000129217
0,000182698 0,000378697  0,000152559  0,68@30 0,000130379
0,000183483 0,000382269  0,000155053  0,88080 0,000131678
0,000184369 0,000386234  0,000157816  0,a6081 0,000133131
0,000185365 0,000390633  0,000160877  0,86021 0,000134755
0,000186488 0,000395514  0,000164269  0,00@81 0,000136572
0,000187753 0,000400931  0,000168026  0,06832 0,000138604
0,000189177 0,000406943  0,000172189  0,68632 0,000140876
0,000190781 0,000413613  0,000176801  0,08033 0,000143417
0,000192587 0,000421016 0,00018191  0,086835 0,000146259
0,000194622 0,00042923  0,000187571  0,080341 0,000149437
0,000196913 0,000438345  0,000193842  0,08234 0,000152991
0,000199494 0,00044846 0,00020079 0,0003549,000156965
0,000202401 0,000459684  0,000208488  0,20036  0,00016141
0,000205674 0,000472139  0,000217015 0,037 0,00016638
0,000209361 0,00048596  0,000226463  0,00038166,000171939
0,000213514 0,000501298 0,00023693 0,00039266000178155
0,00021819 0,000518317  0,000248526  0,000404 0,000185107
0,000223457 0,000537203  0,000261374  0,86641 0,000192881
0,000229389 0,00055816  0,000275607  0,008433 0,000201575
0,00023607 0,000581415  0,000291375  0,068850 0,000211297
0,000243595 0,000607221  0,000308844 0,08646 0,00022217
0,00025207 0,000635856  0,000328198 0,0664900,000234329
0,000261614 0,000667632  0,000349639  0,80621 0,000247927
0,000272363 0,000702892  0,000373393  0,00834 0,000263133
0,00028447 0,000742018  0,000399709  0,00696900,000280138
0,000298105 0,000785434  0,000428864  0,08080 0,000299155
0,000313461 0,00083361  0,000461163  0,0@@837 0,000320422
0,000330756 0,000887069  0,000496946  0,06067 0,000344204
0,000350234 0,000946388  0,000536588  0,2Q092 0,0003708
0,000372171 0,001012209  0,000580504  0,@0037 0,000400542
0,000396877 0,001085246  0,000629157  0,06882 0,000433801
0,000424702 0,001166287  0,000683056  0,08@88 0,000470995
0,000456039 0,001256211  0,000742767  0,008858 0,000512588
0,000491331 0,001355989  0,000808916  0,8@833 0,0005591
0,000531078 0,0014667  0,000882196  0,00592010,000611113
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ITALY
PIM2005
0,001500187
0,001621244
0,00175548
0,001904327
0,002069371
0,002252374
0,002455285
0,002680265
0,002929709
0,003206269
0,003512884
0,003852811
0,004229654
0,004647406
0,005110489
0,005623796
0,006192744
0,006823326
0,007522175
0,008296624
0,009154781
0,010105609
0,01115901
0,012325923
0,013618418
0,015049819
0,016634814
0,018389591
0,020331978
0,022481592
0,024859999
0,027490887
0,030400242
0,033616542
0,037170944
0,041097492
0,045433311
0,050218814
0,055497887
0,061318075
0,067730733
0,074791155
0,082558652
0,091096573
0,100472243
0,110756807
0,12202494
0,134354402
0,147825404
0,162519737
0,178519633
0,195906305
0,214758122
0,235148372
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UNITED
KINGDOM

PIF2005
0,000575842
0,000626255
0,00068303
0,00074697
0,000818978
0,000900072
0,000991396
0,001094242
0,00121006
0,001340485
0,001487357
0,001652747
0,001838987
0,0020487
0,002284839
0,002550726
0,002850099
0,003187163
0,003566649
0,003993875
0,004474824
0,00501622
0,005625621
0,006311517
0,007083449
0,007952127
0,008929574
0,010029282
0,011266378
0,012657819
0,0142226
0,015981981
0,017959743
0,020182458
0,022679792
0,025484819
0,028634371
0,032169401
0,036135364
0,040582614
0,045566812
0,05114932
0,05739759
0,064385518
0,072193734
0,080909821
0,090628402
0,101451062
0,113486049
0,126847679
0,141655373
0,158032224
0,176102992
0,195991414

PUKM2005
0,001589541
0,001725839
0,001877066
0,002044855
0,002231015
0,002437555
0,002666701
0,002920921

0,00320295
0,003515823
0,0038629
0,004247907
0,004674972
0,005148668
0,005674061
0,00625676
0,006902977
0,007619587
0,008414198
0,009295226
0,010271979
0,011354747
0,012554899
0,013884993
0,01535889
0,016991882
0,018800831
0,02080431
0,023022766
0,025478685
0,028196773
0,031204139
0,034530496
0,038208359
0,042273256
0,046763933
0,051722556
0,057194911
0,06323058
0,069883094
0,077210048
0,085273166
0,094138298
0,103875327
0,114557964
0,126263397
0,13907177
0,153065449
0,16832803
0,184943046
0,202992333
0,222553991
0,243699904
0,266492777

SWEDEN
PUKF2005 PSM2005 PSF2005

0,000963376  0,6@521 0,000669276
0,001053307  0,0@132 0,000734318
0,001152931  0,00253910,000807051
0,001263292  0,062370 0,000888383
0,001385546  0,68211  0,00097933
0,001520972  0,08887 0,001081029
0,001670987  0,08266 0,001194748
0,001837161  0,86286 0,001321908
0,002021232  0,007288870,001464094
0,002225122  0,06223 0,001623079
0,002450961  0,00831880,001800846
0,002701105 0,00932 0,001999609
0,002978165  0,60867 0,002221843
0,003285026  0,004@6170,002470312
0,003624884  0,00839 0,002748108
0,004001274  0,007869 0,003058681
0,004418107  0,0@8550 0,003405887
0,004879707  0,806Q9 0,003794032
0,005390859  0,80875 0,004227922
0,005956853  0,80898 0,004712928
0,006583535  0,6@8%0 0,005255039
0,007277368  0,008315 0,005860944
0,008045493  0,058327 0,006538103
0,008895796  0,80295 0,007294838
0,009836987  0,038807 0,008140427
0,010878678  0,a6260 0,009085214
0,012031477  0,0243%5 0,010140723
0,013307083  0,004877 0,011319789
0,014718389  0,86949 0,012636699
0,016279604  0,62332 0,014107349
0,018006368  0,02389520,015749414
0,019915893  0,02882  0,01758253

0,0220271  0,02825120,019628497
0,024360774  0,03349 0,021911499
0,026939724  0,03880  0,02445833
0,029788957  0,08669  0,02729865
0,032935851  0,83333 0,030465245
0,036410344  0,09844 0,033994305
0,040245124  0,082895 0,037925712
0,044475818  0,66692 0,042303339
0,049141187  0,66039 0,047175339
0,054283306  0,046272 0,052594448
0,059947742  0,089519 0,058618251
0,066183702  0,09261  0,06530944
0,073044166  0,20282 0,072736017
0,080585964  0,62283 0,080971441
0,088869814 0,1229379,090094682
0,097960282  0,48821 0,100190159
0,10792565  0,15P86010,111347524

0,118837674
0,130771203
0,143803614
0,158014052
0,173482415

0,6@886 0,123661248
0,688@2 0,137229947
0,20843  0,15215541
0,88386 0,168541239
0,88881 0,186491038
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ITALY
PIM2005
0,257142571
0,28079529
0,306146479
0,333217292
0,36200547
0,392480351
0,424577656
0,458194287
0,493183407
0,529350235
0,566449014
0,604181755
0,642199382
0,680105938
0,717466438
0,75381882
0,788690137
0,821616724
0,852167536
0,879969181
0,904730544
0,926264336
0,944502635
0,959503648
0,971447639

UNITED
KINGDOM

PIF2005
0,217816695
0,24168907
0,267704324
0,295937183
0,326433553
0,359201669
0,394202305
0,431338409
0,470444684
0,511277932
0,553509246
0,596719395
0,640399037
0,683955459
0,726727456
0,768009568
0,807085994
0,843273227
0,875968687
0,904700649
0,929172955
0,949296901
0,965203037
0,977227775
0,985873956

PUKM2005
0,290982659
0,317202951
0,345165904
0,374857692
0,406233149
0,439210371
0,473665437
0,509427605
0,546275454

0,5839345
0,622076958
0,660324289
0,698253237
0,735405878
0,771304045
0,805468065
0,837439302
0,866805299
0,893225667

0,91645621

0,9363683
0,952960483
0,966359732
0,976810865
0,984654317

Source: Authors’ compilation.

SWEDEN

PUKF2005
0,190288052
0,208508133
0,228215632
0,249476908
0,272348823
0,296875403
0,323084011
0,350981096

0,38054754
0,411733758
0,444454702

0,47858503

0,51395478
0,550345963
0,587490595
0,625070741
0,662721175
0,700035268
0,736574561
0,771882332
0,805501085
0,836993473
0,865965567
0,892090818
0,915132427

PSM2005 PSF2005

0,20694 0,206106069
0,296703D,227482301
0,32382 0,250706758
0,29882 0,275853128
0,386465 0,302976568
0,31829 0,332107718
0,75209 0,363245986
0,48982 0,396352218
0,52%650 0,431341029
0,5682109 0,46807314
0,82686 0,506348288
0,698822 0,545899394
0,684227 0,586388895
0,22808  0,62740826
0,26676 0,668481821
0,796%31 0,709076001
0,83046 0,748614819
0,868%0 0,786502132
0,88862 0,822150351
0,963961 0,855014406
0,9399379,884628562
0,98384 0,910642461
0,868830 0,932851799
0,99450 0,951218592
0,88840 0,965876488
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Figure 1. Spain: Value of g (for every 100 C.U. of capital), ages 14-99
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Source: Authors’ compilation.

Figure 2. France: Value of ¢ (for every 100 C.U. of capital),
ages 14-99, Compared with Spain
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Figure 3. Germany: Value of d (for every 100 C.U. of capital),
ages 14-99, Compared with Spain
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Figure 4. Italy: Value of d, (for every 100 C.U. of capital),
ages 14-99, Compared with Spain

10,00 -
GRMF95 ;
8,00 1 GRMF80
600 | |- - - PIMF2005
—  PEMF2005
4,00
2.00 -

0,00 Jrmrmmmre———— T
20?)? D © F D PGS ® R q‘?’\

-4,00 -

Source:Authors’ compilation.



84

Ekonomi-tek Volume / Cilt: 1 No: 2 May / Mayis 201

Figure 5. Sweden: Value of d(for every 100 C.U. of capital),
ages 14-99, Compared with Spain
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Source: Authors’ compilation.

Figure 6. UK: The value of d, (for every 100 C.U. of capital),
ages 14-99, Compared with Spain
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Figure 7. Spain: Projection of the GDP, the EFP anthe subsidy,
2005-2015
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Source Authors’ compilation.

GDP: Hundred billion EURO.EFP: Employment Funded PensionsTen billion
EURO. Subsidy. Millions of EURO.

Figure 8. France: Projection of the GDP, the EFP andhe subsidy,
2005-2015

FRANCE

— GDP

20,00 A // — P
15,00 1 — Subsidies

Source Authors’ compilation.



86 Ekonomi-tek Volume / Cilt: 1 No: 2 May / Mayis 201

Figure 9. Germany: Projection of the GDP, the EFP ad the subsidy,
2005-2015
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Source Authors’ compilation.

Figure 10. Italy: Projection of the GDP, the EFP andhe subsidy,
2005-2015
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Figure 11. Sweden: Projection of the GDP, the EFP ahthe subsidy,

2005-2015
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Source Authors’ compilation.

Figure 12. UK: Projection of the GDP, the EFP and tke subsidy,

2005-2015
UNITED KINGDOM
2000,00 -
1500,00 - — GDP
1000,00 - e EFP
500,00 - Subsidies
0,00 ==
©O O L H P D N
D” ©7 LY O O M Y
SRR S S S L
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