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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.
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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.



MustafaZsmihan and F. Giilgin Ozkan 5

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, .



