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Abstract

This paper studies price stability and debt sustainability when the real rate exceeds
trend growth (r > g) in a New Keynesian model with endogenous technology growth
through R&D. Under debt-stabilizing (“passive”) fiscal policy the Taylor principle is
not sufficient for determinacy. Instead, monetary policy should at least aim to raise
r — g with persistent inflation in order to stabilize the expectations of households,
firms and innovators. Endogenous growth provides a self-financing mechanism for
deficits under active fiscal policy; growth provides some backing for the public debt,
which reduces the need for debt-stabilizing inflation when current fiscal deficits are
not backed by future fiscal surpluses. Because growth creates some fiscal space, a
monetary policy that adheres to the Taylor principle combined with active fiscal pol-
icy can yield a unique stable equilibrium, provided that the policy permits r — g to fall
with inflation.
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1. Introduction

The long-run trend is a central determinant of the debt-to-GDP ratio, which matters for
price stability and fiscal sustainability considerations. However, standard results con-
cerning monetary-fiscal interactions are grounded in models that abstract from the de-
terminants of the long-term aggregate output path. These modeling paradigms support
a particular view of the “appropriate” monetary-fiscal framework. That view associates
price stability with a monetary policy that satisfies the “Taylor Principle” by raising nom-
inal interest rates more than one-for-one with inflation. The success of such a monetary
policy framework may depend on the exogeneity of economic factors affecting the long-
run growth trend. Moreover, such a policy may put strain on government finances during
times when inflation and the public debt are both high. As such, an anti-inflationary cen-
tral bank tacitly relies on the fiscal authority to stabilize fiscal imbalances (“passive” fiscal
policy). Without a passive fiscal surplus policy backing the public debt, monetary policy
must violate the Taylor Principle and therefore let r fall with a persistent rise in inflation
(Leeper (1991)). Drawing from the well-established result from the endogenous growth
literature that technology growth through research and development (R&D) constitutes
the main driver of long-run growth, this paper reevaluates fundamental questions con-
cerning monetary-fiscal interactions in a New Keynesian model with endogenous long-
run trend dynamics determined by the presence of entrepreneurs who invest in techno-
logical innovation through R&D.

We show that accounting for general equilibrium effects on the long-run trend margin
alters the conditions for price stability and debt sustainability and the interaction between
monetary and fiscal policy. Our insights stem from a central mechanism: changes in ag-
gregate demand affect entrepreneurs’ incentives to innovate, which generates endoge-
nous adjustment in R&D investment, technology growth and an endogenous long-run
path of aggregate output. Under an endogenous long-run growth trend, a monetary pol-
icy which satisfies the Taylor Principle is not sufficient for local determinacy when fiscal
policy is passive. Instead, monetary policy should adhere to the growth-augmented Taylor

principle (GTP) which formalizes a more stringent requirement with respect to the trend



output growth rate (¢): the central bank should raise r — g in response to a persistent rise
in inflation, and not just r as suggested by the Taylor Principle. The feedback between
expected inflation and the payoff from technological innovation through R&D warrants
this especially hawkish monetary policy stance. Consequently, the discrepancy between
the Taylor Principle and GTP depends on the responsiveness of technology to aggregate
demand.

On the other hand, violating the GTP is sufficient for stability under a debt-destabilizing
(“active”) fiscal policy. This result can be formulated in terms of a dynamic r — g crite-
rion: unbacked fiscal expansions can be financed through a combination of inflation and
changes in the long-run output trend, so long as the monetary authority lets » — ¢ fall
dynamically with a persistent rise in inflation. A monetary policy that violates the GTP
rules out changes in the government’s debt-service costs that offset the debt-stabilizing ef-
fect of inflation and technological innovation. The latter fiscal-financing margin is absent
under exogenous growth (g is constant), and as a result, violation of the Taylor Princi-
ple is a strict requirement for fiscal sustainability in standard macro models. Because the
GTP imposes a stricter requirement than the Taylor Principle, a model with endogenous
growth can admit a unique stable equilibrium under active fiscal policy and a monetary
policy which follows the Taylor principle. These findings highlight that demand-induced
changes in trend growth can provide some backing for the public debt. This backing com-
ing from trend growth dampens the changes in inflation needed to reduce public debt or
finance new fiscal expenditures which are not backed by future fiscal revenues. In special
cases in which technology is highly sensitive to demand, a fiscally-unbacked fiscal expan-
sion can actually result in deflation. In all cases, endogenous growth relaxes the conditions
for debt sustainability.

Our mechanism operates in a tractable representative agent model in which r > ¢
holds and which nests the standard three equation New Keynesian model. The model is
populated by a representative household that consumes final output, holds bonds and is
the owner of the firms. The household supplies two types of labor: unskilled labor, for
goods production, and skilled labor, for technological innovation through R&D. There are

two layers of production. A unit mass of final good firms produces differentiated final



output goods under monopolistic competition using intermediate inputs. Their price set-
ting is subject to a Calvo pricing friction. Intermediate goods are imperfect substitutes in
tinal goods production and intermediate good firms produce using unskilled labor under
monopolistic competition. The aggregate technology stock is a function of the number of
intermediate good varieties which expands endogenously through R&D. Entrepreneurs
in the R&D sector create new intermediate goods varieties using skilled labor and obtain
the payoffs from a new intermediate good production line. The monetary authority sets
nominal interest rates through a Taylor rule. The fiscal authority issues public debt and
sets taxes via a fiscal surplus rule. These ingredients combine the monetary policy frame-
work of Woodford (2003) with the endogenous growth model of Romer (1990), resulting
in a simple framework ideally suited for the study of fundamental price stability and fis-
cal sustainability issues. We describe in what follows how this paper contributes to the

previous literature.

Previous literature

Monetary-fiscal interaction and the FTPL. The fiscal theory of the price level (FTPL) liter-
ature, which follows Leeper (1991), Sims (1994), Woodford (1995), among others, empha-
sizes that the joint behavior of monetary and fiscal policy determines prices in a manner
that ensures fiscal backing for the public debt.! The monetary authority stabilizes prices
by conducting an “active” or anti-inflationary monetary policy, but only if the fiscal au-
thority maintains a debt-stabilizing or “passive” fiscal stance at the same time. If instead,
the fiscal authority behaves “actively” and without regard for fiscal sustainability, then
price and debt stability requires a passive monetary stance. Macroeconomic stability
therefore requires one active and one passive authority. This paper contributes to this
literature by studying monetary-fiscal interaction under endogenous technology growth
which, as Cochrane (2022) also observed, has not been previously analyzed in the FTPL
literature. This paper is the first to study fiscal theory considerations with fully endoge-
nous technology growth through R&D. We show that the typical assumption of an ex-

ogenous technology stock has non-trivial implications for monetary-fiscal interaction as

1See Cochrane (2022) and Leeper and Leith (2016) for comprehensive reviews of this literature.
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it omits the long-run trend as an additional adjustment margin. Endogenous movements
in technology growth require monetary policy to respond more hawkishly under passive
tiscal policy, but endogenous growth also relaxes the conditions for debt sustainability
under active fiscal policy compared with standard results. Crucially, an anti-inflationary
monetary policy which follows the Taylor principle can be consistent with a unique sta-
ble equilibrium under active fiscal policy. Our model features a self-financing channel
in which endogenous trend growth can create fiscal space and reduce the need for fiscal
inflation.

Relation to r < g. A growing literature focuses on episodes in which the real interest
rate ranges below the long-term growth rate of the economy, and derives models which
can generate » — g < 0 (e.g., see Blanchard (2019), Mehrotra and Sergeyev (2021), Reis
(2022)). As in this literature, we emphasize the importance of  and ¢ for debt sustainabil-
ity. However, our methodology, underlying mechanisms, and outcomes diverge signifi-
cantly. First, we work with a representative agent model in which r > g, both dynamically
and at the balanced growth path. Second, we link transitory changes in » — g around its
balanced growth path level to both price stability and fiscal sustainability. Further, we
isolate assumptions about the joint conduct of monetary and fiscal policy that give rise to
debt- and price-stabilizing dynamics of r — g in equilibrium. Finally, our results highlight
that growth does not unambiguously relax the conditions for macroeconomic stability.
In fact, a more hawkish monetary policy stance is necessary for price stability under a
passive fiscal policy. Similarly, monetary policy cannot be too hawkish for stability under
active fiscal policy.

Conditions for Stability. A strand of the literature shows how conditions for macro sta-
bility depend on the features of the economy not included in standard models, such as the
possibility of regime change (Ascari et al. (2020), Cho and Moreno (2021)), the presence of
sovereign risk premia (Bonam and Lukkezen (2019)), bubble terms (Brunnermeier et al.
(2022)), the presence of partially unfunded debt (Bianchi et al. (2023)), deviations from ra-

tional expectations (Eusepi and Preston (2012), Eusepi and Preston (2018)), or finite lives



(Angeletos et al. (2023)).> Our analysis complements this latter strand of papers by re-
vealing how the endogeneity of technology and growth affects the conditions for stable
prices and debt.

Endogenous growth. This paper models long-run trend dynamics as proposed by the en-
dogenous growth literature, which identifies investment in R&D as the key driver of long-
run growth (Romer (1990), Grossman and Helpman (1991), Aghion and Howitt (1992)).
The mechanisms underlying this paper are well-documented empirically. Ma and Zim-
mermann (2023), Jorda et al. (2020) and Moran and Queralto (2018) demonstrate the long-
term effects of monetary policy shocks on TFP through R&D, and Ilzetzki (2023) shows
that exogenous aggregate demand increases raise technology growth.? Antolin-Diaz and
Surico (2022) and Cloyne et al. (2022) show the long-run trend effects operating through
R&D of government spending shocks and corporate tax cuts, respectively.

Our paper is closely related to the literature that introduces endogenous technology
growth through investment in innovation in otherwise standard New Keynesian DSGE
models. However, our paper is the first to introduce public debt and study monetary-
fiscal interaction under endogenous growth. Our approach to incorporating endogenous
growth via expanding varieties through R&D as in Romer (1990) into a simple New Key-
nesian environment is closely related to the approach taken by Queralt6 (2022), who stud-
ies optimal monetary policy in a model without public debt. Garga and Singh (2021)
study optimal monetary policy in a New Keynesian DSGE model with Schumpeterian
growth through R&D. Estimated, medium-scale DSGE models with endogenous growth
through innovation investment include Moran and Queralto (2018), Anzoategui et al.
(2019), Bianchi et al. (2019), Ikeda and Kurozumi (2019), and Elfsbacka Schmoller and
Spitzer (2021) and key insights include the effect of demand and monetary policy shocks

In models without public debt, the Taylor Principle may not be sufficient for determinacy if capital and
investment are present (Carlstrom and Fuerst (2005)), or under an ad hoc learning-by-doing mechanism
(Micheli (2018)), or in a HANK model with counter-cyclical income risk (Acharya and Dogra (2020), Bilbiie
(2021)). The Taylor Principle may not be necessary for determinacy if agents are myopic (Gabaix (2020)),
have finite planning horizons (Woodford and Xie (2022)), social memory frictions (Angeletos and Lian
(2023)), imperfect common knowledge (Angeletos and Lian (2018)), face a cost channel (Beaudry et al.
(2024)), or in a HANK setting with pro-cyclical income risk (Acharya and Dogra (2020)).

SFurther, Furlanetto et al. (2021) estimate the long-term effects of demand shocks and Elfsbacka-
Schmoller et al. (2023) show the depressing effect of contractionary demand shocks on innovation invest-
ment at the firm level.



on innovation investment and TFP growth. Elfsbacka Schmoller (2022) studies multipli-
ers of targeted fiscal stimulus to R&D and technology adoption. Benigno and Fornaro
(2018) study self-fulfilling stagnation traps at the ZLB and Fornaro and Wolf (2020) study
the long-run effects of supply shocks, such as a pandemic, in Keynesian growth models,
i.e. growth models with Keynesian elements.

This paper is structured as follows. Section 2 presents the model framework. Section
3 revisits some basic results from canonical exogenous growth models. Section 4 then de-
rives conditions for stability under endogenous growth, and proposes a generalization of
the Taylor Principle. Section 5 provides reasoning for the result that growth relaxes con-
ditions for debt sustainability. Section 6 discusses the importance of r — g for stabilization

policy. Section 7 concludes.

2. Model

We proceed to describe our theoretical framework, which is a tractable New Keyne-
sian model with endogenous technology growth through R&D and public debt. As in
Queralt6 (2022), our model operates in the standard 3-equation New Keynesian DSGE
model environment, combined with endogenous growth through expanding varieties as
in Romer (1990), and novel to this paper, public debt.* A representative household con-
sumes final consumption goods, holds bonds and owns the firms in the economy. The
household supplies two types of labor: unskilled labor used in the production of inter-
mediate goods and skilled labor which serves as input in the research and development
sector. Production occurs in two layers of production. A unit mass of final good firms
produces differentiated final consumption goods under monopolistic competition with
intermediate goods as the only input. They face Calvo price rigidities and set prices in a
staggered manner. Intermediate goods are imperfectly substitutable in final goods pro-

duction. Intermediate good varieties are produced using unskilled labor as an input un-

*Queralto (2022) studies optimal monetary policy under endogenous growth through R&D. Estimated
medium-scale DSGE models typically also model growth through expanding varieties in intermediates
following Romer (1990), but also model technology adoption, as in Comin and Gertler (2006). Due to our
focus on analytical results we keep both the New Keynesian DSGE elements and the endogenous growth
process tractable.



der monopolistic competition. Aggregate technology and thus TFP growth is driven by
the number of intermediate good varieties which are endogenously determined through
research and development. R&D entrepreneurs create new intermediate goods varieties
with skilled labor as input and receive the payoffs from a newly created intermediate
good production variety. Monetary policy sets nominal interest rates to target inflation
and output via a Taylor rule. Fiscal policy issues public debt, makes fiscal expenditures,

and sets taxes through a fiscal surplus rule.

Endogenous trend growth: The aggregate technology stock, A;, is subject to endoge-
nous growth. Technologies, i.e. intermediate good varieties, can become obsolete at rate
1 — ¢ and V;, denotes newly created technologies created through R&D in period ¢ which
become available for production in ¢ + 1. Thus, the technology stock, or total factor pro-

ductivity, is governed by the process
At+1 — ¢At + ‘/t (1)

which states that the time ¢ +1 technology stock equals to the surviving technologies from
the previous period, ¢A;, and technological innovations, V;, created in time ¢. The long-
run trend or total factor productivity equals to Af%l , where 9 is the elasticity of substitu-
tion in intermediates, and trend growth is a function of technology growth (g, ; = (g.4.) =

AZ *). We describe innovation and growth in detail in section 2.3.

with gar =

2.1 Monetary policy

The central bank sets the nominal interest rate following a standard Taylor rule. In the
baseline, the central bank targets inflation 7, and an output target as described by the

interest rate rule

Ry =rn* (%)gﬁﬂ (}};)% . (2)



R, denotes the risk-free gross nominal interest rate. As is conventionally the case, the cen-
tral bank targets zero inflation (7* = 1) and Y;/Y,* denotes a standard output gap target

defined later.

Definition. Monetary policy adheres to the Taylor principle if it raises interest rates more
than one-for-one in response to a persistent increase in inflation. This holds true for ¢, ¢,

such that ¢, — 1 + O_Tﬂ)qzﬁy > 0.

A monetary policy which follows the Taylor principle is typically described as “ac-

tive” in the literature and passive otherwise.”

2.2 Fiscal policy

The fiscal authority faces the following intertemporal budget constraint:
BtPtm + TtPt = Bt—l(]- + thm) + GtPt

where P, denotes the price level and 7; real lump-sum taxes. B, is the nominal bond
portfolio which is subject to a a geometrically decaying coupon payment structure, i.e.
one unit of the portfolio purchased at time-t at price /" pays one unit of nominal income
int+1,punitsint + 2, p?int + 3, and so on.
Expressed in terms of detrended real government debt®
b P" + Tt = bt—l(l—i_—ppm + gt (3)

Tty t—1

pAYY AP~
We assume that government purchases are a fraction, § > 0, of total output in a bal-

1
B ~ T A I—1
where b, = —4—, T, = Gyt = ( Zl> :

>Section 3 revisits in detail the standard results as to the Taylor principle and its implications for ac-
tive/passive monetary and fiscal policy.
®See Leeper et al. (2017) for estimated model expressed in terms of detrended real government debt.



anced growth path equilibrium. Government spending is characterized by the following

process:

Pg
g _
9 _ (9—) & )
g g

where § = gy > 0 denotes government spending on the balanced growth path, ¢ is i.i.d.

mean one and 0 < p, < 1.7 This implies the following market clearing condition

Yt = g + Ct, (5)

where y; = Y;/(A,gﬁ*l)_l) and ¢, = Ct/(Agﬁfl)_l).

The fiscal surplus rule is of the form:®

~BG

(%)

Throughout the following analysis we are going to distinguish between active and pas-

sive fiscal policy according to the following definition:

Definition. Fiscal policy is said to be passive if |3~! — 7| < 1. Otherwise, fiscal policy is

said to be active.

As we discuss below, passive fiscal policy ensures fiscal adjustments that bring debt
back to its long-run steady state level following any sequences of shocks, inflation, growth
or interest rates. Active fiscal policy fails to guarantee debt-stabilizing adjustments in the

fiscal surplus.

"We abstract from public R&D spending and our results may therefore understate the role of endogenous
growth. In practice, public R&D spending may be increasing in government spending and public debt.
Hence, public R&D would have direct effects on R&D, in addition to indirect effects on private R&D, which
would reinforce our results.

8The log-linearized version of (6) implies that the log deviation of the real detrended fiscal surplus from
the steady state balanced growth path is proportional to the log deviation of the real detrended public debt

from the steady state balanced growth path. Note that we calibrate steady state T (T) to target a strictly
positive debt-to-GDP ratio dy > 0: b = dy *y > 0.



2.3 Growth

Trend growth is modeled endogenously in general equilibrium. A continuum of measure
one of innovators engage in research and development to generate new intermediate in-
puts. A successful innovator obtains the patent for the new innovation. Skilled labor
serves as the R&D input. A newly created technology in ¢t becomes available in produc-
tion in period ¢+1. Each technology is subject to an exogenous probability of obsolescence
¢ (0 < ¢ < 1). Innovation results in the generation of new technologies, i.e. an expansion
of intermediate good inputs in the spirit of Romer (1990). As described in the beginning
of section 2, the technology stock evolves as 4,1 = ¢A; + V;.

Research and development:

Innovators engage in research and development to generate new varieties of intermediate
goods. Skilled labor, L7, serves as R&D input and an innovator which creates a new inter-
mediate good variety obtains the patent and thus the real profits, II;, from this respective
intermediate production line. The payoff from a new technological innovation, .J;, equals
to the expected present value of profits from the respective intermediate good production

line

Jy = {Z A Vort Ht+k} : )

U
=1 Cit

The payoff from an innovation can thus be expressed in terms of the discounted value of
period ¢t + 1 intermediate goods profits and the discounted expected continuation value
J, = IE, { I5; Yot (TT41 + qﬁJtH)}. One unit of skilled labor allocated to R&D creates @,

Uc,t

’

new technologies. The R&D production function of an individual innovator j then takes

the form

Vi(j) = Li(j) (8)

where L;(j) denotes skilled labor and V;(j) newly created technologies by innovator j

respectively. The R&D production technology, ®,, is characterized by

o, = gAt(Lt)n (9)

10



where ¢ denotes R&D efficiency. R&D production technology entails the aggregate time ¢
technology stock, A;, and thus the existing technological knowledge stock facilitates R&D
and future innovation. The learning-by-doing (Romer (1986), Arrow (1962)) term, (L,)",

permits for complementarities between production and innovation for n > 0.

Innovators’ problem: Innovator j choose skilled labor, L;(j), to maximize the expected

payoff from R&D (equ. 7) subject to the costs of R&D ml/jt‘t L7(j). The optimality condition

for R&D is given by
Ws,t

P,

q)tJt - (10)

Given symmetry, aggregate R&D input derives as L;(j) = L; and V; = fol Vi(j). Ag-

gregate newly created technologies at time ¢ obtain as
Vi = &L (11)
From (11), the process governing the aggregate technology stock can be expressed as
A1 = A+ DL (12)

Expanding varieties and TFP dynamics: As in estimated medium-scale DSGE mod-
els with endogenous growth through expanding varieties (Romer (1990)), R&D is the
main driver of technology growth in this model framework. These quantitative frame-
works!? also feature costly adoption of new technology and a corresponding adoption
choice, which slows down the diffusion of new technology to intermediates goods pro-
duction. As the focus of this paper is on analytical results, we focus exclusively on R&D

11

for tractability.”" As shown by Comin and Gertler (2006), introducing lags in techno-

logical diffusion, increases the response of technology growth to short-run shocks, our

See more detailed description at the end of this section.

19See Moran and Queralto (2018), Anzoategui et al. (2019), lkeda and Kurozumi (2019), Elfs-
backa Schmoller and Spitzer (2021), Cloyne et al. (2022) for estimated medium-scale DSGE models with
growth through expanding varieties as in Romer (1990).

Other papers which study endogenous technology growth in New Keynesian DGSE models with a
focus on analytical results also focus on R&D as the main driver of technology growth (Queralté (2022),
Garga and Singh (2021)).
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results should thus be interpreted as conservative in terms of the strengths of endoge-
nous growth effects.

Complementarities between production and innovation: Ilzetzki (2023) provides em-
pirical evidence that demand shocks'? raise TFP more strongly under relatively tighter
capacity as the latter spurs learning-by-doing (Ibd) and innovation in response to the de-
mand increase. Including Ibd in the TFP process incorporates this mechanism, as above-
trend production employment raises TFP growth and facilitates innovation. This prop-
erty enhances realism in TFP dynamics in response to demand shocks by introducing
complementary between production and innovation. We introduce Ibd following Quer-
alt6 (2022) who calibrates 7 to match the TFP response following a monetary policy shock
consistent with empirical estimates.

n > 0 introduces complementarities between production and innovation as higher pro-
duction supports innovation. For = 0 obtains the standard growth process for expand-
ing varieties in intermediate goods through R&D as in Romer (1990). While lbd helps
match the empirical TFP response to government spending and monetary policy shocks,

we emphasize that Ibd is not necessary for results, which obtain also for the case: 7 = 0.

2.4 Production and price setting

Intermediate goods firms operate in a monopolistically competitive environment using
unskilled labor as input. Final good firms produce using intermediate goods as inputs

and are subject to nominal pricing frictions.

2.4.1 Final goods producer

There is a continuum of measure one of monopolistically competitive final good firms

which produce differentiated output Y;(i). The final good composite Y; is the CES aggre-

12Tlzetzki (2023) studies demand increases following exogenous shifts in government spending.
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gate of differentiated final good varieties:

Yt—( /0 Vi) dz‘) | (13)

Final good producers are subject to Calvo price rigidities. A final good firm produces

according to the production function

v

Ay =
w):[o Xtu;mczy} | (14)

Y, (i) denotes final output i and X,(7, j) the amount of intermediate good input j. P, (j)

is the price of intermediate good variety j the demand for which can be derived as

X,(i, ) = (Pp—m)m

where P, ; describes the price index of intermediates and follows

Ay ﬁ
P, = { / Px,t(j)l—ﬁdj} :
0

Real marginal costs, M C}, of production are identical for all final goods firms and can be

derived as

Py
MCt — P’t .

t

A firm which resets its price in ¢ sets the optimal price P, and the related optimality

condition can be stated as:

> - Pr €
]Et {; UC,tﬂﬂ]eJ (Pt:-j - :MCHj) Y;‘,,tJrj} =0 (15)

where Uc,; = (Cyy;) ! and Y4y, is the demand for a goods variety in period ¢ + j

assuming the price for the goods variety was last reset in period ¢. The final goods price

13



index P, obtains as

P = ( /0 1 Pt(z')lfdi) o (16)

2.4.2 Intermediate goods producer

Intermediate goods firms produce intermediate output X;(j) (j € [0, A¢]) and are pro-

duced using unskilled labor L, by the production technology

Xi(7) = L:(9), (17)

where X,(j) denotes intermediate good output of variety j. Dividends in real terms in

time ¢, I1,(j), follow from the maximization problem

() = maxe, x0 { (A2 - %) Xi0) } (18)

subject to

X,(j) = (PP—”))ﬂ / Y (19)

which uses market clearing for intermediate good j (X;(j) = fol X,(i,j)di). The conven-
9
W.

tional pricing condition follows: P, ;(j) = 5%

Using the pricing index for intermediates we derive real marginal costs as

v 1 W

MCy = —— — 20
Firm profits from intermediate good production lines obtain as
Vg MC’t
I, = = Y, 21
=S @1)

14



with price dispersion v; = [} <P;(j)>7 di.?

2.5 Households

Households maximize utility

= (Lyyi)' (L§+k)1+“”)
E E 5 log(C — —
tkzoﬁ (09( t+k) 1+ ¢ X 1+ o

where C; denotes an index of final good consumption, L; denotes labor supplied to in-
termediate good producers and L] denotes skilled labor supplied to the R&D sector. The

household budget constraint can be stated as
1
P"B, + R;'B; + / P,(i)Cy(i)di = WLy + W Li + Bi1(1 + pP") + B;_, — PT; + P.D,
0

where B, denote the nominal bond portfolio, R, the risk-free gross nominal interest rate,
W, and W, the wage from skilled and unskilled labor respectively, T; real lump-sum
taxes, D, dividends, and B; short-term debt which is in net zero supply. The bond port-
folio has a geometrically decaying coupon payment structure.'* From the household op-

timization problem the following optimality conditions obtain

Ct Pt }
1 = BIE R 22
8 t{CtHPM t 22)
W,
2 — v
(Ly)?Cy 2 (23)
W,
X(L)PC = =5 (24)
t
P o= B R (14 pPm)) (25)

Equation (25) is the no-arbitrage condition resulting from the first-order conditions for

short-term bond holdings and holdings of the bond portfolio.

3Some of the optimality conditions are expressed in terms of final good output Y;. We describe aggrega-
tion in more detail in section 2.6.

1Gpecifically, one unit of the portfolio purchased at time- at price P/ pays one unit of nominal income
int+1, punitsint + 2, p? in t + 3, and so on.
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2.6 Equilibrium and balanced growth path

In equilibrium, fol Y;(4)di = Af%l L; and final output, Y;, is characterized by Y; = v; ! fol Y (4)di.
Endogenous trend growth, g,,, is determined by technology growth, g4, where g,;, =
(g A,t)ﬁ and g4, = AZ t. At the balanced growth path (BGP), the economy is subject to
constant trend growth: g, = (g A)ﬁ. The rate of technology growth, g4, at the BGP is

endogenous and can be derived as g4 = ¢ + ¢(L)7L*.1°

The balanced growth path is characterized in terms of stationary variables
{Lta Lf; Rt7 7Tt7 -Pt7 -Pt*7 ‘F)tm7 MCt? 937 gf}

and trend-stationary variables: {y;, ¢;, g;, &t %S, e, T,} with trend Af%l and {J;, I1;} with
trend Ag%i . In an equilibrium, the endogenous variables described above must satisfy the
equilibrium conditions (equations (C.1)-(C.19) in Appendix C), given initial conditions,
b_, and P_;, and the government spending shock {e{’}. See Appendix C for the details
about the model equilibrium and linearization.

Exogenous TFP case: The model described in section 2 nests the standard 3-equation
New Keynesian model with exogenous technology which permits a direct comparison
between our results and earlier results from this conventional benchmark framework. We
restore the exogenous technology case through the assumption of perfect substitutability

of intermediate goods (¥ — o0).1°

15Tn practice, we calibrate g4 and g, by choosing ¢. See Appendix C for details.

16Tn this setting, an increase in the number of intermediate goods does not translate into changes in ag-
gregate TFP and the long-run trend component. An alternative way of restoring the exogenous technology
New Keynesian model is by imposing zero R&D input (L = L°® = 0), thus holding technology growth
constant (A; = A), which can be obtained for y — oo.
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2.7 Linearized System

We denote a log-linearized variable by Z and define ¢ := 1 — g, and ga,; := Aiy1/A;. We
_1
assume that the central bank targets detrended output (Y;* = A/ '9)."” The system of

equilibrium conditions can be log-linearized and compactly expressed as'®

Jar = nw (@t - BE&%H) + 0Eyfi + 1 _:0@ Eigan (26)
gye = (0—1)""Gay (27)
U = B — 6(%t — By — gy,t) + (1 - Pg)ggt (28)
7 = BEmg + R — K ~g Gt (29)
pc+1
W = GaTt Gyt (30)
b= (B = by — B R+ Gya) + (2 = )P+ g, (31)
9y Pmp
P o= i+ @Etﬁgl (32)

where ¢ == ¢/ga, 9, =94 " > 1,94 > 1,8:=56,5:=¢/(1-¢),w = (1+9)/(1+9),
§:= (p+1)(1—8)/(1+p). The presence of endogenous growth, g, ;, in the Euler equation
(28) and government budget constraint (31) distinguishes the model from a textbook New

Keynesian model.

3. Stability and Exogenous Trend Growth

We now revisit some conventional wisdom about policy and macroeconomic stability.
Generally, feasible macroeconomic policies are to fulfill two fundamental tasks: 1) deter-
mine the price level and 2) stabilize debt. A vast literature established that the joint behav-
ior of monetary and fiscal authorities can insulate the economy from these two sources of
instability. The hawkishness of the central bank, which is captured by the magnitude of

¢~ and ¢,, is frequently associated with the first form of stability. In particular, it is widely

7This matches the typical assumption prevalent in New Keynesian DSGE models and in central banks
in practice.
Note thate k = A(¢ + ¢~ 1) where ) is the coefficient on marginal cost in the linearized Phillips curve.
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maintained that ¢, and ¢, should be large enough so that interest rates rise by more than-
for-one to a persistent increase in inflation (the “Taylor Principle”), which is enough to
rule out extraneous beliefs-driven fluctuations (“sunspots”). In the exogenous growth
model examined by Woodford (2001) (i.e. (26)-(32) with ¥ = o0), the Taylor Principle

boils down to:

(bw_l—i_

> 0,

1-8), or
K (by_afr

where 07 /07 represents the long-run response of the real interest rate, 7, to a permanent

rise in inflation. That is:!°

or — lim Oipgk — Tight1) ~ lim O (DaTterr — Forkrt1 + Oylirk)

:¢7r_]-+

1=5),,

A monetary policy that satisfies this principle may eliminate positive, self-fulfilling
teedback between expected inflation, demand and income. Suppose, for example, that
people believe inflation goes up by a percentage point in all future periods. Under the
Taylor Principle, equilibrium inflation does not validate the exogenous change in expec-
tations; the implied promise by the central bank to raise the real interest rate would reduce
demand, and hence equilibrium inflation through the Phillips curve. Exogenous changes
in expectations do not seed multiple dynamically stable equilibria. In fact, there can be
only one bounded equilibrium, and in this bounded equilibrium, inflation, output, and
consequently interest rates and bond prices are in steady state (j; = 7, = 1, = P = 0) in
the absence of shocks.?’

However, a bounded equilibrium may not exist under the Taylor Principle. Suppose

there are no shocks, and that the Taylor Principle is satisfied (such that §; = 7, = i; =

9See also Chapter 4 of Gali (2015) for an equivalent interpretation of the Taylor Principle.

2The adaptive learning literature provides a different logic for the stabilizing effect of active monetary
policy; in a sequence of temporary equilibria in which expectations are formed adaptively, the Taylor Prin-
ciples raises the real interest rate when expected inflation is high, thus reducing actual inflation and hence
the level of inflation expectations formed in the next period. In this environment, the Taylor Principle can
rationalize how a rational expectations equilibrium emerges through a process of statistical learning. This
logic does not apply to our rational expectations framework. Under rational expectations, the Taylor Prin-
ciple entails off-equilibrium promises that render all but one solution of the model dynamically stable, as
explained above.
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P™ = 0 describes the only potential stable equilibrium). Then the government’s intertem-
poral budget constraint, (31), becomes:

b= (B = by — B R+ (2 — 1P

9y
= (B = b

Clearly |b;| — oo for b_; # 0 unless fiscal policy is passive. If debt explodes (|b;| — oc), then
Yy = Ty = i = Ptm = 0 cannot be an equilibrium due to a breakdown in Ricardian equiva-
lence. For example, if 5_1 > 0 and fiscal policy is active, then households understand that
their bond wealth will increase without bound, and without a commensurate increase in
their tax burden. Consequently, agents perceive the initial public debt stock (b_; > 0) as
net wealth, and this spurs demand and inflation in the initial period. Under the Taylor
Principle, an increase in inflation begets higher real interest rates, which implies higher
debt service costs and hence higher debt, which in turn implies higher demand and infla-
tion. Therefore, adhering to the Taylor Principle under active fiscal policy may expose the
economy to both hyperinflation and explosive debt. Violating the Taylor Principle breaks
this explosive feedback loop between debt, inflation and real interest rates, by ensuring
that real debt service costs fall when debt, and therefore inflation, rises. The fall in real
interest rates helps brings public debt to steady state, which neutralizes wealth effects of
high public debt. Some simple analytics using the government’s intertemporal budget
constraint, (31), shed light on the importance of violating the Taylor Principle under ac-
tive fiscal policy. For simplicity, suppose a short maturity structure (p = 0) and exogenous

tiscal surpluses (y = 0). The budget constraint, (31), becomes:

g .
Sm7 It

by = 57181&71 — B + i + Bl

Solving the constraint forward, substituting for #,; = i,.; — 74,41, and taking expecta-
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tions yields:

7 . _ +1 g ~ i1 ~
b1 —m = — E oy g 19045 E BT By . (33)
Real Value of Debt J=20 Jj=0

[\

~
Discounted P.V. of Expected Fiscal Surpluses

Equation (33) implies that the real value of government debt must equal the discounted
present value of expected fiscal surpluses in every period. Thus, a fiscal expansion at
time-t (an increase in { g+, } ;>0) which lowers the first term on the right-hand-side of (33)
must be offset by an increase in current inflation (7;) or a fall in the path of expected path
of future real interest rates ({7}, },>0). The Taylor Principle implies positive co-variation
in 7, and 7;, which is not debt-stabilizing. Violating the Taylor Principle permits negative
debt-stabilizing co-movements in inflation and real interests that offset the effect of a fiscal
expansion on (33).

The above intuition points us toward a simple policy prescription: we need one active
authority and one passive authority. Two passive authorities allows for multiple equilib-
ria. Two active authorities gives non-existence of dynamically stable equilibrium. This
long-standing wisdom about the appropriate monetary-fiscal framework is summarized

by Theorem 1.

Theorem 1 Consider the exogenous growth model (¥ = 00):

i. Under passive fiscal policy, the Taylor Principle is a necessary and sufficient condition for

local determinacy.

ii. Under active fiscal policy, violating the Taylor Principle is a necessary and sufficient condi-

tion for local determinacy.

4. Stability and Endogenous Trend Growth

According to Theorem 1, policymakers should facilitate the correct co-movements be-
tween real interest rates and inflation to manage stability risks. However, managing the

co-movement of real interest rates and inflation is not sufficient when trend growth is
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endogenous. A comparison of the Euler equation under exogenous growth and the same
equation under endogenous growth provides useful intuition. Consider first the standard

exogenous growth Euler equation (with no shocks, for brevity):

~
A N

0 = By — iy — Eytg)

= FEiy1 —CX Ty

It is apparent that for given expected future income, the Taylor Principle promises to con-
tract demand in response to an expected permanent increase in inflation. The analogous

equation under endogenous growth can be expressed as:
G = Etfrer — c(Fe — gyu)-

The last equation suggests that the appropriate monetary policy response to inflation
entails adjustments in 7, — g, , and not just 7. Importantly, the trend output growth rate,

Gy,t, is endogenous and responds positively to a permanent increase in expected future

inflation:
agy L . agy,tJrk T -1 agA,tJrk
or T M o~ = lim (V-1 =5
. - ik | = 5 OUrs Bp 0gaitii
= lim (9—1)" 5— :
dim (9 - 1) (’7“ o, TOT T T Y T e o
(1—B)pw+46 I vk
55\ koo OF,
(W0 —1) (“m)

B (1—B)nw+4 1-7
N (0—1)(1—%)( K )>0

The fact that expected inflation raises trend growth reflects incentives to innovate; higher
expected inflation implies higher aggregate demand, which raises the demand for input
varieties and therefore the return to innovation and R&D. Thus, demand raises trend
growth, and in turn, higher trend growth feeds back to aggregate demand through the

Euler equation. Innovation through R&D therefore strengthens the overall responsive-
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ness of demand to expected inflation, relative to the textbook exogenous growth case.

Raising 7 — g, to lean against the inflation requires an especially hawkish monetary policy:

Definition. The growth-augmented Taylor Principle (GTP) is satisfied if and only if:

(1-5) (1= Bnw +0 o — gy)
¢7r -1+ ¢ - — = — > 0.
P Cw-n(1-£2) o

The GTP generalizes the Taylor Principle to the endogenous growth economy. It con-
stitutes a stricter requirement for monetary policy, as any interest rate rule that satisfies
the GTP will also satisfy the Taylor Principle, but not vice versa. The wedge between the
GTP and Taylor Principle is given by 0g, /0%, which depends on the elasticity of substi-
tution between intermediate varieties, ¥, among other features of the economy. When in-
termediate varieties are highly imperfect substitutes in the production of final consumer
goods (low ), producers of intermediates have more market power and charge larger
markups, which induces entrepreneurs to innovate relatively aggressively in response to
a rise in demand. The resulting response of trend growth to a persistent rise in infla-
tion, g, /07, is larger in magnitude for lower values of ¥, as depicted in Figure 1. As
¥ rises, the wedge between the traditional Taylor Principle and its growth-augmented
counterpart vanishes. Simply put, our approach gives rise to a continuum of possible
endogenous growth models, indexed by ¥ € (1,00), and the growth-augmented Taylor
Principle captures just how far we deviate from the conventional wisdom on macroeco-
nomic stability when we choose a finite ¥, consistent with the large and growing body
of evidence in support of endogenous growth. For small departures from the exogenous
growth case (very large v/), the growth-augmented and traditional Taylor Principle nearly
coincide and the conventional wisdom applies for all practical intents and purposes. On
the other hand, smaller ¥} delivers non-trivial and possibly large changes in the recipe for
the right policy mix. Whether 4 is large or small is an empirical question that depends on
the country and time period under study, and which we do not answer in this paper. Fol-

lowing suggestive evidence from Broda and Weinstein (2006), a number of papers have
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calibrated 9 € [2,4],%! but Broda and Weinstein (2006) also give suggestive evidence that

¥ could be as low as 1.3.

Figure 1: Growth-augmented Taylor Principle
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Notes: we assume 3 = 0.99, ¢ = 2,7 = 1.5, k = 0.02, ¢ = 0.925, g, = (1.02)'/4, /5 = 0.8.
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Additionally, the price rigidity faced by finals goods firms (captured by the slope of
the Phillips curve, x) shapes the wedge between the traditional Taylor Principle and its
growth-augmented counterpart. In general, a flatter Phillips curve dampens the indirect
pass-through from expected income to actual income through current and expected in-
flation in the Euler equation. Thus, for given ¢, > 0, lower « has a stabilizing effect on
the economy even if it at the same time indirectly mitigates the effect that a high infla-
tion reaction coefficient has on demand. The same is true in the presence of endogenous
growth. The slope of the Phillips curve, however, has no mediating impact on the in-
direct response of actual income to expected income through trend growth. Lowering
the slope of the Phillips curve only increases the feedback between expected and actual
income through trend growth by reducing the effect that given ¢, has on aggregate de-

mand. Consequently, we might be more concerned about the robustness of the conven-

ZE.g., see Comin and Gertler (2006), Anzoategui et al. (2019), Elfsbacka Schméller and Spitzer (2021),
Queralt6 (2022), among many others.
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tional active-passive policy prescription when the Phillips curve is very flat, as depicted

in Figure 2b.

Figure 2: Growth-augmented Taylor Principle and Price Rigidity
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Notes: all other parameters calibrated as in Figure 1.

In a nutshell, the GTP modifies the Taylor Principle to reflect the possibility that inno-
vation depends on expectations, and the extent to which innovation responds to those
expectations depends on various structural features of the economy such as the elas-
ticity of substitution between intermediate varieties and degree of price rigidity. How-
ever, whether a central bank should strive to satisfy the GTP unsurprisingly depends on
whether fiscal policy is passive or active. Under an active fiscal policy, the central bank

has reason to violate the GTP.

Proposition 1 Consider the endogenous TFP model () < oo), and suppose 1 is sufficiently small
as defined in Appendix B. Then

i. Under passive fiscal policy, the growth-augmented Taylor Principle is a necessary condition

for local determinacy.

ii. Under active fiscal policy, violating the growth-augmented Taylor Principle is a sufficient

condition for local determinacy.
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Proposition 1 is the main result of the paper. It adapts a conventional wisdom about
price stability and fiscal sustainability to the possibility of endogenous trend growth
through technological innovation. The proposition reveals some novel implications of
growth for macroeconomic stability. First, growth necessitates an especially active mon-
etary policy, for the reasons described above. Second, the GTP is not sufficient for price
stability under passive fiscal policy, and in particular, a weak response of interest rates to
the output gap can lead to indeterminacy, as depicted in Figure 3. Third, active fiscal pol-
icy imposes weak restrictions on monetary policy under endogenous growth relative to
the exogenous growth case. In fact, a unique bounded equilibrium can exist when there is
both active fiscal policy and “active” monetary policy in the sense that the Taylor Principle
is satisfied, as made explicit by Corollary 1. However, endogenous growth does not imply
a free fiscal lunch, and consequently monetary policy cannot be too anti-inflationary (i.e.,
a policy that satisfies the GTP can preclude existence of stable equilibrium under active

tiscal policy).

Corollary 1 A unique bounded equilibrium exists under active fiscal policy and the Taylor Prin-

ciple if the growth-augmented Taylor Principle is violated.

The following section examines the interplay between growth and fiscal sustainability,

and the corresponding conditions for stability under active fiscal.

5. Growth, Inflation, and Active Fiscal Policy

We next study the consequences of growth for inflation under active fiscal policy. Sec-
tion 5.1 provides intuition for the key theoretical result that growth can generate fiscal
space and alleviate the burden of fiscal inflation. We show that the maturity structure of
debt and the strength of the endogenous growth mechanism are essential for the inflation

response to high public debt and fiscal expenditures (sections 5.2 and 5.3, respectively).
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Figure 3: Uniqueness and Existence
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Notes: the blue (red) region is determinacy under passive (active) fiscal policy with endogenous growth.
The white area corresponds to indeterminacy under active or passive fiscal policy. All other parameters
calibrated as in Figure 1.

5.1 Growth creates fiscal space, reducing the need for fiscal inflation

Why does innovation through R&D relax the conditions for fiscal sustainability? We show
that growth endogenously finances part of the public debt in an equilibrium with active
tiscal policy, which reduces the need for debt-stabilizing inflation. In this sense, endoge-
nous growth substitutes for the kind of fiscal inflation that is necessary for fiscal sus-
tainability under active fiscal policy and exogenous growth, and which the central bank
tolerates by violating the Taylor Principle. We attempt to establish the idea that endoge-
nous growth substitutes for fiscal inflation in this section. We also document properties
of an equilibrium with endogenous trend growth and active fiscal policy along the way.
To begin, consider the government budget constraint (31), and assume short maturity

structure (p = 0) and exogenous fiscal surpluses (v = 0) for simplicity:

A

13 . R . g
be = B b1 — B 1(7” + Gyt-1) + i + Pm(;gt-

Unlike in the exogenous growth case (¢ = o0), fluctuations in trend growth affect the
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evolution of debt. Higher growth yesterday implies lower debt today, all else constant.
Solving the constraint forward, substituting for #,,; = i;y; — 71+ ;+1, and taking expecta-

tions yields:

bt == Gy = =D PN By = B B (P = Gyen) . (34)
>0 >0

Equation (34) is the endogenous growth analog of (33) from section 3. As in the exogenous
growth case considered in section 3, an unbacked fiscal expansion (increase in {g:+;};>0)
which comes at time-t lowers the discounted present value of expected fiscal surpluses
(right-hand-side of (34)). To satisfy (34), inflation (7;) can reduce the real value of debt,
or {714;};>0 and {gy.+;};>0 can offset the effect of fiscal policy on the discounted present
value term. Notice that the expected path of growth rates ({g,,+;},>0) can also adjust to
satisfy (33), unlike in the exogenous growth case considered in section 3. Thus, changes in
current and expected future trend output growth can substitute for inflation or variation
in the real interest rate and provide backing for the public debt. Moreover, the second sum
on the right-hand-side of (34) reveals why violations of the GTP permit negative debt-
stabilizing co-movements in inflation and 7 — g,. Adhering to the GTP, on the other hand,
means that the discounted present value of expected fiscal surpluses falls in inflation,
which suggests that inflation will not finance a rise in fiscal expenditures.

Equation (34) gives some partial equilibrium intuition about the interplay between
growth, inflation, and active fiscal policy when the GTP is violated. Those predictions are
confirmed in general equilibrium: growth substitutes for fiscal inflation, and hence fiscal
expansions permanently increase output and generate less fiscal inflation than predicted
in canonical models of exogenous growth.

Showing that growth can substitute for inflation requires solving the model. Assum-
ing that the GTP is violated and fiscal policy is active, a unique bounded equilibrium

exists. The law of motion for inflation in the unique equilibrium assumes the form:*

A

Tt = Qﬂ',bi)t—l + Qﬂ,gﬁA,t—l + ngt (35)

22The solution approach is detailed in Appendix A.
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where, generically, the coefficients in (35) depend on the model parameters, and 2, =
o/ 8I;t_1 and I'; = 07,/0g: capture how inflation responds to high public debt and
changes in fiscal expenditures, respectively. The special case of an interest rate peg (¢, =
¢, = 0), active fiscal policy (v = 0), no learning-by-doing (n = 0), and linear disutility
in labor (¢ = 0) allows us to cleanly examine how endogenous growth alters the general

equilibrium response of inflation to fiscal variables.

Proposition 2 Consider (26)-(32) and suppose ¢ = n = v = ¢ = ¢, = 0. If growth is

oy __
s me > 0.

o _
exogenous, then oo = I', > 0and

Proposition 2 confirms that inflation always rises during a fiscal expansion, or when
public debt is high, in an exogenous growth economy. This “fiscal inflation” reflects a
breakdown in Ricardian equivalence due to which agents perceive an increase in public
debt as an increase in their net wealth. Without the inflation, public debt does not re-
turn to steady state following a shock to the government’s finances. Under endogenous

growth, the same coefficients in (35) are given by

_ k(L= BA)
me = I{—}—ﬁ)\l(l — 5}\1)” > 0, (36)
r, — 0., (37)
¢ = g(gy — Bp) B 2Bppyg
b(1—Bpg) 1+ 8 —2Bp,+ B(1+eu)y/77 — 4y + (s + (1 — 28p,)) )

where == (1-8)/(9—1),7 = m, vy = %T”;r)@‘, A= 0.5(1 — /72 — 4y) €0, 1).

A careful inspection of the last equations reveals two properties of the equilibrium
with growth. First, we might expect inflation to respond very little to changes in public
debt when the elasticity of substitution between input varieties is very low (i.e., y1 is very
high). Specifically, (36) suggests that 97, /9b;_; = Q. may be close to zero when 4 is very
small (section 5.2 explores this in more detail). Second, from (37), g—g =TI, < 0if and
only if £ < 0. Therefore, endogenous growth opens up the possibility that inflation falls

in fiscal expenditures. We analyze this case in detail in section 5.3.
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5.2 Eroding the public debt

We study next debt and inflation dynamics starting from a situation in which the public
debt level is elevated above the sustainable long-run level (b,_; > 0 in the context of our
model at time-t).” Elevated debt levels, the risk they pose for inflation, and the question
of how to revert debt to sustainable levels, have recently been identified as key challenges
both by policymakers and the public debate, most notably following the COVID-19 crisis.
As shown in Proposition 2, high debt levels raise the risk of fiscal inflation if the debt is
not fiscally backed and trend growth is exogenous. We show that endogenous growth
can reduce the inflationary effect of legacy debt, as indicated by equation (36). Figures 4
and 5 and Figure 6 panel (a) illustrate the inflation and growth effects of high public debt
under more general assumptions (e.g., ¢ > 0,7 > 0).

Those figures depict the impulse responses to an initial debt stock that is 50 percent
above steady state level. Fiscal policy is assumed to be active (y = 0) and the interest
rate is pegged at steady state. Under exogenous growth, the debt is financed primarily
via inflation, and without any adjustment in trend output growth. Under endogenous
growth, the effect of demand on R&D and long-run growth help to bring debt back to
steady state without as much inflation. The impulse responses capture the usual break-
down in Ricardian equivalence: unbacked high public debt raises aggregate demand,
which leads to inflation under exogenous growth, but a mixture of demand-pull inflation
and disinflationary technological innovation under endogenous growth.

Figures 4 and 5 show that the cumulative inflation generated by the high legacy debt
depends on the strength of the endogenous growth channel, as captured by the magni-
tude of ¥, and also on the steady state trend output growth rate. In particular, a country
with relatively intense spillovers from demand to growth and/or higher trend growth
rates may experience less inflation for a given deviation of debt from its steady state level.
Countries such as the US, Japan and Italy are among the many economies experiencing
elevated public debt levels, but there are considerable differences in trend output growth

rates, the percentage of GDP devoted to R&D, and potentially the responsiveness of tech-

ZThe sustainable, long-run steady state debt level is determined by a host of factors which we do not
address explicitly in our calibration of the debt-to-GDP ratio.
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nological innovation and the trend to fluctuations in demand, across these countries. Our
model suggests that quantitative predictions about the effects of this debt in different na-
tional economies should account for heterogeneity in the intensity of R&D and its role in

TFP growth, as well as the balanced growth path trend output growth rate.

Figure 5: Eroding Public Debt: Role of g,
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5.3 Duration of public debt: go long to keep inflation low

As stated in section 5.1, (36) suggests that 07,/ by = 2 can be close to zero for very

low 9. Moreover, (37), g—g: =I'; < 0if and only if £ < 0. Notice that ¢ is strictly decreasing
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in the duration of debt, p. Therefore, there exists a p* such that 07,/0g, = I'; < 0 if and
* 24

only if p > p*.
Proposition 3 Consider (26)-(32) and suppose ¢ = n = v = ¢ = ¢, = 0. Then g—g =1I,is
strictly decreasing in p, and g—’;: =TIz < O0ifandonly if p > p*.

Intuitively, a longer debt maturity structure (higher p) delays the impact of a fiscal ex-
pansion on the government’s finances, since lengthening the maturity structure reduces
the share of debt that needs to be rolled over in a given period. Formally, higher p implies
a smaller coefficient on g, in the budget constraint (31) (because longer maturity raises the
steady state bond price, P™). Since the financing needs of the government greatly impacts
the amount of inflation generated by a fiscal expansion, we should expect lower inflation
for longer maturity structures in the period the government raises its expenditures. At
the same time, the direct relationship between aggregate demand, (28), innovation (26)
and government spending is unaffected by the public debt maturity structure. Therefore,
increasing p reduces the direct effect of fiscal policy on public debt, but does not change
the direct effect of fiscal policy on aggregate demand. The former effect tends to be infla-
tionary, while the latter effect is deflationary under endogenous growth.” The net effect
depends on debt maturity structure.

Figure 6 shows that growth depresses the response of inflation to debt and fiscal ex-
penditures under more general assumptions about 77 and ¢ than those considered above.
When growth effects are strong (¢ is small) inflation may fall in government spending,
and changes in public debt have very little effect on inflation. The response of inflation to
public debt and government spending is monotonically increasing in 1J, which suggests
that stronger growth effects dampen inflation responses to fiscal policy. We chose p = 0.96
for the calibration in order to roughly match the duration of public debt in the US. From
the figure, it is apparent that this p = 0.96 is only greater than the implied p* if ¥ is fairly

small.

2‘We note that nothing in the model implies that p* € [0, 1]. If p* < 0 (p* > 1) then any maturity structure
is consistent with deflationary (inflationary) fiscal policy.

E.g., see D’Alessandro et al. (2019), Engler and Tervala (2018), or Jergensen and Ravn (2022) concerning
the deflationary effects of government spending in environments with endogenous growth.
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Figure 6: Inflation and Fiscal Policy
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Notes: All other parameters calibrated as in Figure 1.

Our discussion of €2, and I'; concerns only the effect of fiscal policy on impact. Fig-
ure 7 instead depicts impulse responses to a persistent increase in government spending
under different assumptions about the strength of the spillover (). Following an expan-
sionary shock to government spending under active fiscal policy, the inflation response
is attenuated in the models with endogenous technology (red and black lines), compared
with the exogenous technology model (blue line). This is the case as the initial increase
in public debt, perceived as an increase in net wealth by households, raises demand and
thus the payoff from R&D investment. The latter translates into an increase in R&D in-
vestment and thus an expansion in technology and TFP growth, inducing an upward shift
of the trend of aggregate output. This adjustment on the long-run margin latter reduces
the need for fiscal inflation. In fact, the response of growth to the shock for sufficiently
small ¢ is so potent that inflation must fall to equate the real value of debt with the dis-
counted present value of expected fiscal surpluses. Several features of the economy affect
the inflation response to the shock, most notably ¥ and the duration of debt, p. The fact
that said fiscal inflation can be absent in the endogenous growth economy indicates the
presence of debt-stabilizing growth. That is, growth substitutes for inflation in the financ-

ing of fiscal shocks.
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Figure 7: Government Spending Shock
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Note: all other parameters calibrated as in Figure 1.

6. The importance of ©* — g,

To the extent that growth is endogenous, the dynamics of © — g, are of central importance
for macroeconomic stability. If the fiscal authority commits to resolving fiscal imbalances
using real fiscal revenues (passive fiscal policy) then the central bank should at least en-
sure that 7 — g, rises with inflation. Otherwise, fiscal sustainability may require that 7 — g,

falls with inflation. The dynamics of # — g, matter for stability, and the Taylor Principle is
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not a relevant guide to policy in the case of endogenous trend growth. Some additional
discussion on these points is in order.

Blanchard (2019) among others have recently examined the costs of public debt when
the rate of return on sovereign debt (r) is less than the economy’s growth rate, (g,)—a case
regarded as the norm in the US by Blanchard (2019). For given r, a higher g, improves
conditions for debt stability by lowering the level of primary surpluses needed to sustain
a given level of public debt. Permanent fiscal deficits can even be consistent with constant
debt/GDP in cases where 7 is always less than g,. This discussion clearly highlights the
importance of growth for questions related to the sustainability of debt.

Our insight is fundamentally different. We show that policy should orchestrate the
appropriate changes in # — g, that are needed to stabilize inflation and debt in a dynamic
economy. The result does not hinge on r — g, < 0 in steady state. In fact, our model is
implicitly linearized around a steady state that features » > g, and therefore there can be
no free fiscal lunch of the kind implied by: r < g,. Despite the unfavorable steady state
financing conditions implied by r > g,, endogenous growth through R&D relaxes the
conditions for fiscal sustainability under active fiscal policy relative to the analogous con-
ditions in canonical exogenous growth model (i.e., (7 — g,)/07 < 0 versus 07 /07 < 0).
As such, a central bank that overemphasizes changes in r alone when adjusting their pol-
icy stance may inadvertently expose the economy to extraneous fluctuations. Similarly,
a policymaker’s preoccupation with the real interest rate might lead them to misjudge
the risks of tight monetary policy for fiscal sustainability. We show it is imperative that
policymakers take into account movements in r and short-term fluctuations in the trend

growth rate, g,, when formulating policy.

7. Conclusion

This paper studies monetary-fiscal interaction under endogenous technology growth through
R&D in an otherwise standard representative agent New Keynesian model in which the
real interest rate exceeds long-run growth (r > g). We thus depart from the previous

literature which does not model long-run trend dynamics in general equilibrium.
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Our key result is that endogenous trend growth alters the interaction between mone-
tary and fiscal policy. When fiscal policy is “passive”, i.e. stabilizes debt, the Taylor princi-
ple is not sufficient for determinacy. Under endogenous technology growth, an especially
hawkish monetary policy may be needed to lean against an additional expectational feed-
back from the long-run aggregate supply side: higher expected demand raises the payoff
from technological innovation and thus investment in R&D. The central bank counter-
acts this channel by committing to a policy that raises » — g in response to a persistent
increase in inflation. We show, however, that the technology growth margin relaxes con-
ditions for debt sustainability under fiscally-unbacked (“active”) fiscal policy: increased
demand raises R&D and technology growth, creating additional fiscal space and allevi-
ating inflationary pressures. We prove that active fiscal policy can be consistent with an
anti-inflationary monetary policy which adheres to the Taylor principle, provided it per-
mits a dynamic fall in r—g when inflation rises persistently. In this region of the parameter
space, endogenous growth dynamics back ex-ante unbacked fiscal deficits, ex-post. Taken
together, these results highlight how over-emphasizing the importance of real interest
rates can be misleading. Policymakers should also worry about endogenous adjustments
in the long-run trend path.

These results also beg additional questions about the interaction of supply side trend
developments, monetary and fiscal policy. The joint analysis of optimal monetary and
fiscal policy is a particularly promising avenue in this respect which we aim to explore in

future research.
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A. Active Fiscal Policy Solution

This appendix provides some details about the solution of the model under active fiscal
policy in the special case: ¢ = n = 0.° If fiscal policy is active and the GTP is violated,
then there exists a unique equilibrium where inflation jumps to stabilize the real mar-
ket value of detrended debt. To obtain this equilibrium, solve the government’s budget

constraint forward:

7 — —j— 1 ~ 1 ~ P\ pm g A
bi—1 = ki ;(5 Lyt (m!]/s,tﬂl + B'/Tt+j + (1 - g_y)Pt+j - mgtﬂ) . (38)
Combining the Phillips curve (29), growth equation (26), and IS equation (28) implies a

second-order difference equation in expected inflation:

agy = Bt — nEmg + YT

= (Eyfpgo — MET1) — Ao (Eyfrep — Aime)

1+Epy+Kihr . 14-B+BEpy+KiHEL o= /@gé(upg—(by)”u - (1_5)/(19_1),0 < )\1 -

B+ép) 7 11— B(1+2u) 7 B(1+2u)
0.5(71 — /72 —4v) <1 < Xy :=0.5(y1 + /7% — 470). We obtain a first-order solution for
expected inflation by solving the unstable root forward and stable root backward:

where v :=

X —p
(A2 = pg) (M1 = py

A N\~ A
Et7Tt+j = )\17715 - )agt

for j > 0. From the last equation, ;711 = A7t — ﬁ g;. Substituting expected inflation

into the Phillips curve yields the following expression for expected output:

1 -8\

Eiiy; = B+ Oéyﬁ‘;gt

26The same solution approach delivers an analytical solution for ¢ > 0 and 7 > 0, but the simple case is
needed for Propositions 2-3.
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for j > 0, where o, = g + #ﬁpg). Finally, the bond price is given by:
. B\’
Plr=-B) (_p (OxTees + Gybers)
s>0 ~7Y

which implies that the expected bond price evolves according to
Etpﬁj = XrEATi1j + XgGt-

Substituting the above expressions for expected inflation, output and bond price into
the bond valuation equation, (38) yields closed-form solutions for endogenous variable

z e {7, 4,4, P™,b, g}
Zy = Qz,bi)t—l + Q9041+ 1.0

In the widely studied case of a passive interest rate peg (¢, = ¢, = 0) and exogenous

surplus (y = 0), the time-t inflation response to a government spending shock is given by

omy
99

= Fﬂ' = §Q7T,b7 (39)

¢ = (99=Fp) _ 26p1pyg
b(1=Bpg) 1+ B —2Bp,+ B(1+eu)\/77 — 40 + &k + (1 —28p,)) )

where

:‘i(l — ﬁ)\l)

me =

The expressions for €2, ;, and I'; in (40) and (39) are identical to (36) and (37), respectively.
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B. Proofs

B.1 Proof of Proposition 1

Case ¢ > 0. The model (26)-(32) can be expressed in matrix form as
Zi1 = AZy + Cyy

A A A ~ 5 7\
where Z¢ 1 = (Eigait1, Gass Bifert, Eiigr, EPl, b;)" and

7951 (5inwﬁ)+1 0 _ &(8—nw 7)7(6¢7r_1) _ (S_WWB)(5+5?¢y+é“)+/BUW 0 0
£ B2 g2
11— 1-p 1-¢

1 0 0 0 0 0

1 K
i 0 0 3 -3 0 0
c ~ 1 ~[ K
- 0 c(qsﬂ—E) c<5+¢y)+1 0 0
9y Pr 9y P g
0 0 = B B0
__ 1 _1 P 1
0 BO-1) B 0 w L FT7

The model has a unique rational expectations equilibrium (REE) if 4 roots of A are

outside the unit circle, a continuum of REE if fewer than 4 roots of A are outside the unit
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circle, and no stable solution otherwise.”” The characteristic polynomial is:

PO\ = A(A—(ﬁl—v»(x—g—p?@),

P(\) = N 4 pi A% + po + ps,
5(1 + CgaGEy) + Gga(l + B+ 5("1 + B@/))

h = — a B )
ga
py = L Cunl(Gry = GyB) & Gon+ B+ &k + B0y + Gual0y + 6r))
Ggaﬁ ’
by = L= CuGy &gy + Kr)

Ggaﬁ

where G,, = % € (0,1), Ggy = 6 — qwp, Gy = wn, Cyy = 5%. Henceforth, we assume

that n < 7:%8

(=114 Gyo + Bj_ ek + Cyad) (U —1)(ga — ¢+ pga(l — BB))
aw(f +P) ’ (g4 —d)(1 + )

7 := min{ }>0.

In turn, this implies that p, > 0 > —1 > p3 and p; < 0, such that ]5()\) < 0,V)A <0, and

limy oo P(A\) = —00, limy, o P(A) = +00. Therefore, a necessary condition for all roots

of P()\) to be outside the unit circle is: P(1) < 0. We have that P(1) < 0 if and only if:

(1-8) (=Pympw+d
Eo(W—1) (1—@&)

1+

(1-5)

br+ g, — 1 — >0
K

From the Phillips curve, (29), 93/07 = (1 — B)x~!, where 93/07 denotes the long-run

response of output to a permanent rise in inflation. Similarly, from the growth equa-

3o
ite

tion, (26), 044 /0y = (1(1_5)¢+)5 where 0g4/07 denotes the long run response of technology

#Following standard practices in the literature, we disregard boundary cases in which one or more roots
lie on the unit circle throughout the proof of Proposition 1.
2To our knowledge, estimates of 7 are not available in the literature.
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growth to a permanent rise in inflation. Therefore,

¢W+(1—5)¢y_1_(1—5) (1—5)77w+_<? _ 3(@'—7?—(131—1)_1?/.4)
K K (19_1)<1_15T%) on
_a(f_gy)
=~ =

where 9g,/01 = (¥ — 1)7190§.4/07 is the response of trend output growth to a perma-
nent rise in inflation. Hence, if fiscal policy is passive (|3~! — 7| < 1) then a necessary
condition for determinacy is @ > 0.

Now suppose that ]5(1) > 0, such that W < 0. Then one real root, \;, of ]5()\)
is inside the unit circle and strictly positive. Let A, A3 denote the remaining roots, and
recall that any real roots cannot be negative. Then: —A\;X\2A3 = p3 < —1. Therefore:
A3 = |ps|/A1 > 1. If the remaining roots are complex, then A A3 = |Xo| = |[A3] > 1. If
the remaining roots are real, then without loss of generality, A; > 1, which implies A3 > 1
because P(0) < 0 < P(1) implies a maximum of one real root inside the unit circle if
X2 > 1 > )A; > 0 and all roots are real and non-negative. We conclude that P(1) > 0 is

sufficient for determinacy under active fiscal policy.

Case ¢ = 0. If ¢ = 0 then the relevant characteristic polynomial becomes:

Q) = AA— (B =)= 2P,

Bp
QN = N+ar+e,
o = — (1 + Oga(GEy — 6Gy> + 5+ é(ﬂ + 5@5@;))
B+ CyuGry) ’
1 — CyuGy + (@ + Kr)

B+ CguGy)

q2

The model with ¢ = 0 has a unique rational expectations equilibrium (REE) if 3 roots
of Q(\) are outside the unit circle, a continuum of REE if fewer than 3 roots of Q(\) are
outside the unit circle, and no stable solution otherwise. Under passive (active) fiscal
policy, determinacy therefore requires that two (one) root(s) of Q()\) are outside the unit

circle. If < 7 then Q(0) = g, > 0 > ¢; and Q(\) > 0 for A < 0. It follows that Q(1) > 0
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is a necessary condition for determinacy under passive fiscal policy which is satisfied if

and only if:

0-B) - B +d _ o —g,)

K v -1 on >0

Or +

(1;5)%_1

If W < 0 then a real root, A, is in (0,1). Because Q(l) < 0 and limy_, o Q()\) =

+o00 the other root, ), is strictly greater than one. Therefore, W < 0 is sufficient for

determinacy under active fiscal policy.

B.2 Proof of Proposition 2

Consider (37) and (36). If ¥ = oo (equivalently, i = (1 — §)/(¥ — 1) = 0) then:

9(gy — BP))
F7r = Qr T4 o\ |
! (b(l — Bpy)
Qw,b = 1- BAl > 0,

which proves the assertions.

B.3 Proof of Proposition 3

Consider (37) and (36). From (36), {2;, > 0 (with strict inequality) if ¥ > 1 (x < 00).

Therefore, I'; < 0if and only if ¢ < 0. Clearly, ¢ is strictly decreasing in p, and there exists

a unique p* such that ¢ = 0 if and only if p = p*.%°

C. Model Derivation Details

C.1 Stationarized equilibrium conditions

Given the presence of positive trend growth in the economy, we express the equilibrium

conditions in terms of the following stationary variables: {7, IL;, y:, c;, gr, we, wy, by, Tt}

Tt is assumed that g # 0.
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Wi/P, Wi/P. Bi/P,
= {5 7 L Y G G Wb Wih ByP T\ The model equilibrium condi-

AT Aﬂ1A617Aﬂ17A§1,AF’AF AT Aﬁ
tions expressed in terms of stationary variables are given by:

gar = ¢+ (L))" L (C.1)
Jo = E, {QA o (Ht+1 + ¢Jt+1> } (C2)
(L)' Jo = w; (C.3)
Gyt = (gA,t)ﬁ%1 (C.49)
I, = 9 ' MCyy (C.5)
MC, = 2w, (C.6)
I, {ZJ iy (7 = 5 MCuy) (£2) ytﬂ} ~0 (C.7)
Ry =ra* (2)% <%)¢> (C.8)
bP + T, = by S 4 g, (C.9)
e
L () 7 (C.10)
1 = BIE, {191%} (C.11)
Pl = B AR (14 pPity) } (C12)
(Le)Per = wy (C.13)
X(Lg)?er = wy (C.14)
b= ()" e (C15)
g =v; Ly (C.16)
Yt = Ct + g (C.17)
B= [0 (B +0(R) ] c18)
T = (C.19)

—€
where v, = fo (P B )> di. In an equilibrium, the endogenous variable vector:

{CtJ yt7 gt7 Lt7 Lf) gA,t: gy,t7 Ht7 MCt7 k7t7 bt; j—;fa Ptm7 Rt7 Pt7 F)t*u T, wt7 th}
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must satisfy the equilibrium conditions (C.1)-(C.19) given the government spending shocks

{e¥} and initial conditions, b_y, P_;.

C.2 Steady state

Let Z denote the steady state value of variable Z. Note that we define government spend-
ing policy such that G/Y = g > 0and C/Y = 1 — § = é From (C.7), the steady state
marginal cost is given by

e—1

€

MC =

Combining this expression for steady state marginal cost, MC, with (C.6), (C.13) and
(C.16) yields:

i (yw _610?6(6 - 1));1

and therefore, from (C.5), (C.13), and (C.16):
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Given, L, IT, and ¢ from above, .7, g, := ,it L L*jointly satisfy (C.1)-(C.3) after substituting

in (C.14):
_ 8
= 11
T a-pe
ga = ¢+<(L)'L?

xe(L)? = <J(L)"

1
We proceed by calibrating g4 > 1 (e.g. to match the trend output growth rate, g, = g4, in
the economy) by solving the last three equations for 7, L*, s, where ¢ scales the marginal

product of skilled labor in R&D production.® If ¢ > 0:

Do L\ T\ P
- Ve — 1)(0 — 1)\ 7 5(—”“}21‘9*’)
= “"A‘”’)( e > (0= 1)(ga - 59)

>0

I4nt+e \ &
5<u<e—_}>w—1>> AT\
_ZS _ gé ced
X0 —1)(g4 — B9)

_ Ble=1) (v(®—1)(—1)\7
7= (QA—5¢)196( cv) )

Otherwise, if o = 0:

exed(ga — Bo) ("(—;1))77]
g = >0
Br(e—1)(0 —1)
;o Prle—1)(ga—9)
exed(ga — Bo)
_— Ble —1) v(d—1)(e—1)
T = oa—Boyie ( & )

390ne alternative is that we solve these equations for J, L*, x given s. That is, we may back out a chosen
ga by adjusting the parameter y (which affects marginal disutility of skilled labor). Another option is that
we calibrate both x and ¢ and solve these equations for J, L®, g.
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From (C.11) and (C.12):

R = ro*=p8"g,
pm B
gy — Bp

where g, = (g A)ﬁ. We calibrate b = dy(y) where dy is the debt-to-GDP ratio and solve

for T that satisfies the government’s intertemporal budget constraint (C.9):

= _ (14 pPm™ _ 1
T:b(+—p—Pm)+g:b( 6)+§>0.
Gy 9y — Bp

where g, P, g, are defined in terms of deep structural parameters above. At this stage, it
is possible to note that the coefficient multiplying g; in (31) can be expressed as g/(P™b) =
G(gy — Bp)/(Bdy). Finally, v = n* = 1 in steady state, and w, w* are given by (C.13)-
(C.14) after substituting for L, L*,¢. Therefore, we can derive the steady state for the
stationarized variables: (¢, 9,4, L, L*, g4, g, I1, MC, 7, b, T, Pm. R, *, 1, w*).

C.3 Linearization details

The model is log-linearized at the steady state described above.’® Equation (26) is ob-
tained by log-linearizing (C.1)-(C.3), (C.5)-(C.6), (C.13)-(C.14) and (C.16) and combining
the resulting expressions. Equation (27) is obtained from (C.4). Equation (28) is obtained
from (C.11), (C.15), and (C.17). Equation (29) is obtained from (C.6)-(C.7), (C.13), (C.15)-
(C.19). Equation (30) is obtained from (C.8). Equation (31) is obtained from (C.9)-(C.10)
and (C.15). Equation (32) is obtained from (C.12).

31Recall that we assume § > 0 and b > 0.
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