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ABSTRACT

The U.S. federal government faces the prospect of expatlgntising entitlement obliga-
tions that threaten to push the debt-to-GDP ratio to hisadlsi unprecedented levels. | intro-
duce a fiscal limit into a Perpetual Youth model to assess htevgenerational redistributions
of wealth and the maturity structure of government debt ichffge economic consequences of
fiscal stress. Growing entitlement commitments requirental stand on how future monetary
and fiscal policies may adjust. When the economy hits itslflsod—the point at which in-
creases in taxes are no longer feasible—either the fisdabadiyt must renege on its promised
entitlement benefit or the monetary authority must adjggpalicy to stabilize debt. | find that
intergenerational transfers of wealth strengthen theaafienal effects of the fiscal limit and
magnify the likelihood of stagflation. A longer average niéyuof government debt weakens
these effects in the short and medium runs but still incietiserisk of stagflation when taxes
come due in the long-run. Dire scenarios never transpitejdiaying reform—Ilegislation that
places entitlement spending on a stable path—lengtherstab#ationary period.
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Figure 1: Characteristics of fiscal stress. &ppendix Afor details. SourceCongressional Budget Offi¢@011)

1 INTRODUCTION

The volume of public discourse surrounding fiscal policyriprecedented. Despite the heightened
concern about current deficits, many policymakers haveméguvecognize that the real problem
is projected future deficits. The driving force behind thpsgections is the growth in spending
on the largest three entitlement programs—Medicare, Madijand Social Securityfiure 1).

By 2035, the Congressional Budget Office (CBO) projectd &ganding on entitlement programs
will rise from 10.4 to 15.5 percent of GDP, of which nearly #rgent is attributable to growth in
Medicare spending. These projections, which are the re$alh aging population and “excess”
growth in health care costs, imply government entitlemeagmms will become insolvent in the
coming decadedigure 2.1

Presidential commissions, bipartisan task forces, anerabproposals by elected officials have
all been aimed at curbing the growth rate of government dethtesasuring that entitlement pro-
grams remain solvent. Although many of their policy progegmint toward a resolution of the
problem, Congress has provided no clear message or tireetalllow actual policy will unfold.
Moreover, even if Congress does act, it is always possiblada Congresses to change policies.
As a result, agents possess very little information on wthely can base expectations.

There is an extensive and compelling literature that haptaedosophisticated overlapping
generations (OLG) models that include features such as el intra-generational heterogene-
ity, life-cycle and population dynamics, bequest motiv&@schastic income levels, and several
program-specific components to assess the effects of padicsstments and the consequences of
fiscal stressAuerbach and Kotlikof{1987); De Nardi et al(1999; Huggett and Venturgl 999,
Imrohoroglu et al.(1995; Kotlikoff et al. (1998 2007); Smetters and Wallisg2004]. These
models assess distributional and generational effectsldutot account for monetary policy or
deal with the degree of uncertainty that actually surroundsetary and fiscal policies.

In models with forward-looking agents, ignoring uncertgipushes the effects of future policy
adjustments toward the present, which is inconsistent guthent observations. Recognizing this
drawback, another segment of the literature uses a repatisenagent framework to formally

IMany other countries are heading into similar periods ofistressnternational Monetary Fun@009)]. More-
over, the projected increases in the debt-to-GDP ratioaaget than any developed countries have experienced in the
post-World War Il eraCongressional Budget Offi¢@009)].
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Figure 2: Factors contributing to the fiscal stress of emtignt programs. Segpendix Afor details.

model the complex aspects of monetary and fiscal policy taiogy [Davig and Leepe(2010);
Davig et al.(201Q 2011); Eusepi and Prestd20103; Fernandez-Villaverde et gR011)] but with
the limitation of not being able to account for specific pargrfeatures or generational effeéts.
This paper introduces a fiscal limit into a Perpetual YouthdeldBlanchard(1985; Yaari
(1965] to assess how intergenerational redistributions of thestd the maturity structure of gov-
ernment debt impact the economic consequences of fiscassirae policy framework allows for
a wide range of potential outcomes, which accounts for tleedain nature of monetary and fiscal
policy. At some unknown date, promised government trassfesitch from a stable to an explo-
sive trajectory to mimic the demographics underlying theOZBdebt projections. Each period
the economy maintains explosive transfers, there is upywagsisure on government debt, which
forces tax rates higher. As tax rates rise, policymakers facreasing political resistance and a
rising probability of hitting the fiscal limit—the point athich increases in taxes are no longer fea-
sible. Once the fiscal limit is hit, either the fiscal authpritust renege on its promised transfers
commitments or the monetary authority must adjust its gdticstabilize government debt.
Reneging on government transfers, which is also known aesnént reform, places policy-
makers in a bind. On the one hand, they face the economicraartstposed by rising government
debt. On the other hand, entitlement recipients (curredtpanspective) constitute a substantial
voting block and any reduction in benefits may be politicatlyic. This is why | allow for the
possibility that the monetary authority stabilizes delstéad of the fiscal authority reneging on
transfers. In this policy mix, the monetary authority atusominal interest rates less than one-
for-one with inflation. Without any adjustment in taxes,\ghog government transfers obligations
will then increase the price level until the real value of igtiabilizes. It is the expectation of this
surprise increase in inflation that makes the economic cpesees of fiscal stress dangerous.
The Perpetual Youth model differs from commonly adoptedesgntative agent models in
that it assigns all agents a constant probability of death pariod. As agents face a higher prob-
ability of death, their expected lifetimes become increglsi misaligned with the government’s
infinite planning horizon. This increases the likelihoodttburrent generations, who benefit from
increases in (net) government expenditures, will die leefaxes come due. The expected shift

2Cochrang2011), Sims(2011), andDaniel and Shiamptan{€010 also study monetary and fiscal policy interac-
tions in the context of the current fiscal crisis.



of the tax burden onto future generations produces positeadth effects for current generations,
but the threat of rising inflation reduces expected real gowent liabilities and quickly offsets
the positive effects of growing promised transfers. Thuasgrgenerational transfers of wealth
strengthen the expectational effects of the fiscal limit aradjnify the likelihood of stagflation.
Another critical component commonly left out of most polayalysis is a debt maturity struc-
ture. FollowingWoodford(2001) andEusepi and Prestq20108), the maturity structure is param-
eterized to allow longer-term government debt in the basetiodel that only includes one-period
debt. A longer average maturity of government debt incredise slope of the yield curve and
pushes debt and inflation into the future. This weakens theaational effects of the fiscal limit
in the short/medium-runs but still poses economic conssecpseewhen taxes come due in the long-
run. With long-term debt, stagflation only poses a serioslsseveral decades into the future.

2 EcoNomIC MODEL

| employ a stochastic discrete-time variant of Blanchard(1985-Yaari (1965 Perpetual Youth
model® This model includes an endogenous labor supply decisioaahdice of money holdings.
Agents face uncertainty regarding the duration of thegtiihes, the trajectory of their economic
variables, and monetary and fiscal policy. Consumption gaod supplied under monopolistic
competition, and firms are subject to costly price adjustsemhe government finances dis-
cretionary spending and delivered lump-sum transfersutiiicseigniorage revenues, short- and
long-term nominal debt, and distortionary taxes on caita labor.

2.1 INDIVIDUALS All agents are subject to identical probabilities of deattf, Population
dynamics are eliminated from the model, since birth andhdestes are constant and equalized.
The size at birth of generationis normalized taJ, which implies the size of generatigrat time
tis9(1 — 9¥)*~* and the total population size over all generations is one.aMerage lifetime of a
member of generationis given by ° _, (t — s)¥(1 — 9)'5~! = 1/9. Whend — 0, this model
reduces to the more traditional representative agent s@tepe agents are infinitely lived.

In periodt, each member of generatiern< ¢t maximizes expected lifetime utility of the fofm

[e.e]

E, Z[ﬁ(l — )] " Hlog ¢y s + K log(myr/Pr) + xlog(l —nex)}, kK, x >0, (1)
k=t

whereg € (0, 1) is the subjective discount factaF, is the aggregate price index, aad, m.,
andn, . are, respectively, consumption of the final good, nominaheydalances, and the quan-
tity of labor supplied at time by an agent born at time® Following Dixit and Stiglitz (1977,
Cot = [fol Cs,4(1) 0179 441%/0=1) is a consumption bundle composed of a continuum of différent
ated goods, wher@¢ > 1 measures the price elasticity of demand. The demand funfidrogood
i, cs4(i) = [pi(i)/ P:]%cs 4, corresponds to the agent’s maximum attainable consumptiadle

3A nonstochastic discrete-time variant of the Blanchards¥enodel was first developed irenkel and Razin
(1986. For a stochastic variant s@@nicchiarico and Piergallini2007).

4A constant death parameter implies all agents have idéplaaning horizons, which is required for aggregation.

5A nonstochastic continuous-time monetary version of trenBhard-Yaari model was first introducedvan der
Ploeg and Marin{1988. For a discrete-time variant s€rshing(1999. Stochastic monetary models are developed
in Annicchiarico et al(2006), Piergallini(2006, andAnnicchiarico et al(2008).

6In general, | denote individual or firm-specific values by éswase letters and aggregate values by capital letters.
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given a specific level of expenditures, whee = [fol p(1)'0di]'/1=%. Log preferences ensure
linearity in wealth and preserve aggregation.

As is conventional in the Perpetual Youth setup, agents havegequest motive and, instead,
sell contingent claims on their assets to insurance companhssets are collected each period
from ) agents who died and subsequently transferred to the remgesarvivors. With a perfectly
competitive life insurance industry, each surviving ageneives a premium paymentdf (1 —1).
Incorporating the gross return on the insurance conttaety /(1 — ) = 1/(1 — ¢), into the per-
period budget constraint of a surviving agent yields

Mgt Ptsbit + PthéVft
P, P, P,
wherek; , is the stock of capital carried into peried- 1. Human income is given by

Cs,t + ks,t + S Ws,t + (1 - ﬁ)_las,tu (2)

ws,t = (1 - Ts,t>ws,tns,t + )\tzs,t + ds,tu (3)

wherew; , is the real wager; , is the proportional tax rate levied against capital anddabaome,
25+ are promised real government transfeysis the fraction of promised transfers received, and
ds. is the share of real firm profits. Beginning of the period finahwealth is given by

Moy Bea | (0 pPM
P, = P, ’

ase = [(1— 7o) RE+1— 6] kgy1 + (4)
whered is the depreciation rate andl! is the real rental rate of capital. There are two types
of government debt—one-period government bomﬁg, in zero net supply with pricé’®, and
a more general portfolio of government bondﬁ,, in non-zero net supply with price™. The
price of short-term nominal bonds satisfiég$ = R; ', whereR, is the gross nominal interest rate.
Following Woodford(2001) andEusepi and Prestgi20100, long-term debt issued at tintgays
p dollarsj + 1 periods in the future, foj > 0 and0 < p < B~!. The payment parameter,
characterizes the average maturity of government dedt, — 5p), and allows the conventional
model with only one-period nominal bonds to be embeddedimitiis more general framework.
Necessary and sufficient conditions for optimality reqtiat each individual’s first-order con-
ditions hold in every period, the budget constraint bindsl, the transversality condition,

Jim B {(1=9)" " qur(s)asr} =0, (5)

holds, wherey, r(s) = H;f:m qk—1,(8) = Besi/cs is the real stochastic discount factor (SDF).

To derive the individual law of motion for consumption, firste the individual's first-order
conditions to rewriteZ) in terms of the period-price of the representative agent’s portfolio, which
has a random value, ., in the next period. Then solve the resulting budget corrstfarward
and impose the transversality conditioB), (to obtairf

st = Elasy /(1 —0) + hyy], (6)

where¢ = [1 — (1 — 9)]/(1 + ) andh,, = >0, (1 — 9T Ey[q7(s)ws 7] is human wealth.
A positive probability of deathy, increases current generations’ marginal propensity tswme
and the return on their investments but reduces the preakrd of future labor income.

"Seeappendix B.1for a complete derivation.



2.2 AGGREGATION Aggregate values are obtained by summing across all gémesaand
weighting by their relative sizes. Thus, the aggregate twypart of a generic economic vari-
able,z,,, is given by X, = Ziz_oo ¥(1 — 9)*z,,. Since agents are born with zero assets and

government policies are equally distributed, the aggeeljatiget constraint can be written as

M, P?BS PMBM
O+ K, + =ty 2t 2t Tt

=+ A 7
Pt Pt Pt t+ ts ( )

whereQ), = (1 — 7,) W, N, + \iZ; + D, is aggregate human income and

M,y By, (1+pPM)BM,

A= [A=m)RE +1 =0 K+ =+ 2+ — (8)
is aggregate financial wealth. The aggregate counterpé) of given by
Cy = &(Ay + Hy), 9

whereH, =Y "7, (1-9)" 7' E,[Q, 7] is aggregate human wealth a@dr is the aggregate SDF.
To derive the dynamic equation for aggregate consumptmlgw the techniques applied at
the individual level to rewriteq) and substitute the resulting budget constraint i8)dq obtain a
consolidated law of motion for consumption. Then move thegioal version of ) forward, apply
expectations, and combine with the consolidated law of ondor consumption to obtafin

1 1 9

= BEt{Qt,t-l-lCt-l-l} + B%Et{Qt,t—i—lAt—i—l} (10)
Whend # 0 higher real government liabilities push the financing ofgovnent expenditures onto
future generations, which increases consumption by ligeigerations. This relationship between
real government liabilities and aggregate consumptionghvis not operative in a representative
agent model, is critical for understanding the aggregapauts of fiscal stress.

Ci

2.3 HRMS The production sector consists of a continuum of monopo#ily competitive in-
termediate goods producers and a representative final goodscer.

2.3.1 INTERMEDIATE GOODS PRODUCING FIRMS  Firm ¢ € [0, 1] in the intermediate goods
sector produces a differentiated goggi), with production functiony, (i) = k;_1(i)*n. ()7,
wherek(i) andn (i) are the amounts of capital and labor the firm rents and hires fifm chooses
its capital and labor inputs to minimize total coBt;n,(i) + R¥k,_,(i), subject to its production
function. Optimality implies

]{Zt_l(’i) . « %

n,(i) 1—aRF
which shows that the capital-labor ratio is identical asrosermediate goods producing firms and
equal to the aggregate capital-labor ratio. Hence eachsfinmarginal cost function, given by,

(11)

U= W(R)(1 - ) T Yam, (12)

is also identical across all intermediate goods.

8Seeappendix B.Xor a complete derivation.



2.3.2 RRICE SETTING The representative final goods producing firm purchasessnipom

intermediate goods producers to produce a composite gammding to CES technology;;, =

[fol v, (1) 0=D/944]9/(6=1) " whereY; denotes aggregate output. Profit-maximization given aifipec

level of output yields firm’s demand function for intermediate inputs(i) = (p:(i)/P;)~%Y;.
Following Rotemberg(1982, each firm faces a quadratic cost to adjusting its nominakpr

level, which emphasizes the potentially negative effeat firice changes have on customer-firm

relationships. Given the functional form usedrieland(1997), real profits of firmi are given by

(pt(i))l_e ” (Pt(i))_g @ ( pe(7) 1)2
- t\ T -5 - /N

Pt Pt 2 Wpt_l(l)

wherep > 0 parameterizes the adjustment cost ard the steady state gross inflation rate. Each

intermediate goods producer chooses their price Igvgl,, to maximize the expected discounted

present value of real profit&;; >~ , Q: xdx (7). In a symmetric equilibrium, all intermediate goods
producing firms make identical decisions and the optimalitydition reduces to

dt(i) = Yt; (13)

P (Z-1) 2 =10+ 0w+ 9B, [Qt,m (Pt —) 2 Ytﬂ , (14)
T T T T Y

wherer, = P,/P,_; is the gross inflation rate. In the absence of costly pricestidjents (i.e.
¢ = 0), real marginal costs equél — 1) /6, which is the inverse of the firm’s markup factet,

2.4 MONETARY AND FiscAaL PoLicy The fiscal authority finances a constant level of real
discretionary spendingy, and delivered real government transfexs7,, through a proportional
tax on capital and labor income, seigniorage revenues, giskshing nominal government debt.
The government’s flow budget constraint is given by

M, PS5BS PpMpM
oy +
I 2

M,y BS (14 pPM)BM,
— . (15
2 + 2 + P (15)

+Tt(WtNt+RfKt_1) = é+)\tZt+

The model incorporates several layers of policy uncergawihich follow Davig et al.(2010.°
Figure 3illustrates how the uncertainty unfolds. The economy staith a policy mix 6p = 1)
where the monetary authority actively targets inflationddiofving a simple Taylor rule (AM) and
the fiscal authority fully honors its transfers commitmdgiE) by passively adjusting the tax rate
with the level of real debt (PFY.

Real government transfers initially follow a stationarytpand evolve according to a first-order
two-state Markov chain given by

Pr[Sz: =1|Szi-1=1] Pr[Sz:=2|Sz:-1 = 1]} B [1 — Dz pz}

Pr[SZ,t = 1|SZ,t—1 = 2] PI"[SZJ = 2|SZ,t—1 = 2] o 0 1

9The following analysis omits the possibility of governmeefault. For a detailed analysis of the implications of
default within the context of a DSGE model with an imbeddeckiigmit seeBi (2011 andBi and Leepef2010.

10This terminology follows_eeper(1991). A passive monetary authority weakly adjusts the nominirest rate
with changes in inflation, whereas an active monetary aityhtargets inflation by sufficiently adjusting nominal
interest rates to pin down inflation. Active tax policy ingdithat the fiscal authority sets the tax rate independehtly o
the size of government debt, while passive tax policy ingliet the fiscal authority adjusts taxes to stabilize debt.
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Figure 3: Possible evolution of monetary and fiscal poliginees

wherep is the time-invariant probability of non-stationary tréers. Each period, the economy
faces the dilemma that government transfers may begintmw@ perpetually unsustainable path,
as the CBO currently projects. Formally, the transfers @ssds given by

16
pgSZt_l + &4, for SZ,t = 2, ( )

7, — {(1 — P2+ p3 2y + e, for Sz, =1,

whereZ is the steady state level of promised transfe}s, > 1, |p7| < 1, ands; ~ i.i.d. N(0,0%).

Once government transfers start on an unstable path, theegomoves from node 1A to node
1B as shown ifigure 3 Government debt mounts and taxes are revised upwardyRallers face
increasing political resistance under this financing sehamd the likelihood of hitting théscal
limit (FL) steadily rises. Eventually, either the resistanceob&es so great that higher tax rates
are no longer politically feasible or the economy reachegptak of its Laffer curve—the instance
where higher taxes can no longer yield increased revenued-tha fiscal limit is hitt! Once this
occurs, the post-fiscal limit tax rate binds and either theetary or fiscal authority is forced to
adopt an alternative policy that stabilizes the trajectdrgovernment debt. The potential policy
outcomes are captured by the monetary/tax policy mix € {2, 3}). Specifically, the monetary
authority sets the short-term nominal interest rate adogrid

R — J?(Wt/w*)ﬁf’, for Sp, € {1,3}, 17)
R, for Sp, = 2,
while the fiscal authority adjusts tax rates according to
_ (BM,/P—1\7 L .
S T (W) , for Sp; = 1 (if the FL doesnotbind), (18)
L for Sp, € {2, 3} (if the FL binds),

UTrabandt and Uhlig2010 find that some countries are already at or near the peakeifLthffer curve.



where an asterisk corresponds to a policy target and a ba@spands to a steady state value. The
parameters) and~ respectively control the response of the nominal intera to changes in
inflation and the sensitivity of taxes to real debt.” is the post-fiscal limit tax rate. The policy
specification makes explicit the fact that there exists gmeufppound to the degree of financing
that taxes can provide. Although agents know the post-flsoéltax rate, uncertainty about the
trajectory of government transfers implies that agentsiaadle to predict when this rate will bind.

Agents forecast when the fiscal limit will be hit, which cagtsl some of the uncertainty that
surrounds government spending programs when they aredumdé&iture revenue streams, such
as with pay-as-you-go financing. Followimavig et al.(201Q 2017J), the probability of hitting
the fiscal limit,pry, +, is endogenously determined by

exp(no — (-1 — 7)) (29)

p t = - ENNE)
e 1 +exp(no — m(1i-1 — 7))

where the parameterg andn; > 0 pin down the intercept and slope of the logistic functiért
the fiscal limit, tax policy becomes active (AF), and the pplnix must immediately adjust. If the
fiscal authority continues to honor its promised transfé®),(the monetary authority stabilizes
debt by switching from active to passive policy (PM) and tkeremy moves from node 1B to
node 2. Under this policy mix, transfers continue to followwmsustainable path, which leads to
continued increases in debt and, without a central banloressy higher inflation. The higher price
level reduces the relative value of real debt and allows sitaffiauthority to stave off any reductions
in government transfers. If, on the other hand, the monetatiyority continues to target inflation
(AM), the fiscal authority cannot fully honor its promisednsfers (PT) and the economy moves
from node 1B to node 3. Reneging on government transferglamrhe in a variety of forms, but
regardless of the approach, | assume any modifications Hrelexut to stabilize real government
debt, so that both of the post-fiscal limit regimes produdagthat are consistent with a long-run
equilibrium. When the fiscal limit is hit, the monetary siass debt with probability; and the
fiscal authority reneges on its transfers commitments wibhability 1 — g.

The initial policy adjustment is not permanent. Insteaderathe fiscal limit policy evolves
according to a first-order two-state Markov chain given by

Pr[Sp; = 2[Spi1=2] Pr[Sp;=3|Spi1 = 2]] _ [p22 pzs}
Pr[Sps = 2[Spy-1=3] Pr[Spy = 3|Spi-1 = 3] P32 Ps3)’

so that each period either the monetary or fiscal authoritytake the lead in stabilizing govern-
ment debt when the fiscal limit binds. This forces agentsuw@gs condition on the possibilities
of debt revaluation and entitlements reductions. Postlflso#é policy adjustments are marked by
movements between nodes 3 and figare 3

2.5 EQUILIBRIUM The aggregate amounts of labor and capital supplied by thetage defined

asN, = fol ny(i)di and K, = fol k.(i)di. Equilibrium requires all goods and asset markets to clear
each period. The former is satisfied by the aggregate res@ortstraint,

™

_ 2
Ct+]t+G:{1—§<ﬂ—1>}Yt, (20)

12These restrictions ensure that the probability of hitting fiscal limit is positive and increases with government
debt, since the fiscal authority responds passively to gwrent debt prior to the fiscal limit.
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where capital evolves according 16, = I; + (1 — §)K;_;. The latter requires that one-period
bonds are in zero net suppl; = 0. A competitive equilibrium is characterized by a sequence
of prices,{ P, W, RF, PM W, Qy 141122, quantities{C;, K;, M;, Ny, BY, BM. Y, I, A}, and
government policies{ R, G, 7, Z; }22,,, that satisfy the aggregate (over all generations) popula-
tion’s optimality conditions, the representative firm'siopality conditions, the governments con-
straints, and the asset, labor, and goods markets’ cleapimditions.

3 ANALYTICAL INTUITION: MONETARY AND FISCAL POLICY INTERACTIONS

Prior to solving the model outlined section 2 1 examine how monetary and fiscal poligmntly
determine the equilibrium price level using a simpler setugt permits an analytical solution.
Although these results are well-known in a representatjigmamodef? they have not been thor-
oughly examined in a Perpetual Youth model. | first consideodel that retains aggregate uncer-
tainty over government transfers but removes all regiméctwvig. | then introduce a fiscal limit
that is hit with certainty at a known future date.

3.1 ENDOWMENT ECcONOMY MODEL The following model is a cashless version of the Per-
petual Youth model where labor is inelastically supplied agents have identical preferences,
receive the same constant endowment, face the same fismaepdl.e. government transfers and
lump-sum taxes), and are subject to identical probalsltiedeathy > 0.

Each member of generation< t chooses sequencgs ;, b{,, b} }72, to maximize their ex-

pected lifetime utility,£;, Y~ ,[8(1 — ¥)]* In ¢, 4+, Subject to their flow budget constraint,

A
Cos + t ,t_|_ t Ust

Ptsbss,t—l i (1+ th]w)biV,It—l
’ Py Py

= P,

+ 7-s,t - Zs,t S ys,t +

] (11—t (21)

After aggregating, the Euler equations for short and lotgen government debt are given by

1+ pPN, P,
PtM Pt+1 7

(22)

P,
! } and PtM = E; {Qt,t-l—l

whereP? = 1/R;. Following the same procedure describegéation 2the dynamic equation for
aggregate consumptiori, simplifies to

. 1o { { BS  (1+ prfl)Bﬂ }
t=3 {1 Qu+1C41} B1—v" Q41 P Py (3)

Since government spending is zero each period, the govetraheoses sequences of taxes, lump-
sum transfers, and nominal bonds to satisfy

pPSBS pPMpM B? 1+ pPMYBM
t 2 L t+Tt:Zt+ t—l_‘_(_‘_pt)t—l‘

24
Pt Pt Pt Pt ( )

13Seeleeper(1991), Sims (1994, andWoodford (2001) for detailed analysis of price level determination in a
representative agent model. Seechrang2001 2011) for analysis that incorporates longer-term governmeht.de
l4Seeleeper(20104 for price level analysis in a representative agent modliticludes a fiscal limit.



In equilibrium, the goods({; = Y; = Y)) and asset market&f = 0) must clear and the transver-
sality condition, given by,

BS 1+ pPMYBM
T—1+( PT) T—1]}:07

Th_fgo E, {Qt,T { Pr Py (25)

must hold in every period. Moreover, the bond Euler equatiomply a no arbitrage condition,
PM = PPE{1+ pPM,}, that when solved forward delivers the term structure afriest rates.

To analytically solve for the equilibrium price level, it mecessary to work with a log-linear
approximation of the model around its deterministic stesidye. In equilibrium, the log-linear
bond Euler equations, given i@%), imply

ptM = pts + PPSEtthJVrll = Z(PPS)jEtéHj- (26)
§=0
Given 6), the log-linear aggregate law of motion for consumpti@3) (is given by
R, = Byt + M(ptM + Biw)a (27)

where a circumflex denotes log-deviations from the detestiirsteady staté andb)’ = BM /P,

is real government debt. The parameter ; 795 w determines the size of the wealth effect
from changes in government debt. Whaen> 0 the market value of real debt impacts both real
and nominal interest rates. The log-linear government budgnstraint,Z4), is given by

= b+ pP PN = Q| PM + 0 + 7 — 22, (28)
wherer = 7/(PMoM), Z = Z/(PMbM), andQ = 7/R = /(1 + p).

3.1.1 ACTIVE MONETARY AND PASSIVE FISCAL PoLICY Monetary and fiscal policy rules are
similar to the initial policy rules described gection 2 The monetary authority targets inflation,

Rt - Qbﬁ't, (29)
while the fiscal authority adjusts lump-sum taxes accorting
T = ’Y(Pgl + 6%1)7 (30)

whereg is set to ensure price stability ands set to ensure that any increases in the market value
of debt are met with the expectation that future taxes vwak thy enough to service the higher debt
and retire it back to its stationary level. Government tfarssare exogenous and follow,

Zt = ngt—l + &4, (31)

where|p3| < 1 ande; ~ i.i.d. N(0,0%).

15Steady state values are denoted by a bar. Thus, for somégeméableX X;=InX;—InX ~ (X —X)/X.
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To find conditions on monetary policy that stabilize inflatiaround its target, combin@7)-
(29) to obtain the expected evolution of inflation, given by,

By = (04 pQ M)A, — MQ_I(Z;%l + ppsptM) + (77 — ZZt) (32)

This result reveals that the Taylor principle & 1) is no longer necessary to guarantee a unique
bounded solution for inflation. In the special case wherg short-term debt is present, a sufficient
condition for price level stability i$p > 1 — x/Q, which reduces to the Taylor principle only
wheny = 0.1 When agents are finitely lived, higher inflation reduces fasncial wealth,
which imposes negative wealth effects that reduce consampf current generations. Lower
consumption acts as a stabilizer on inflation and implies tth@ monetary authority no longer
needs to adjust nominal interest rates more than one-fmath inflation to stabilize prices. The
presence of longer-term government debt weakens this ttoméven further. When the monetary
authority raises nominal interest rates in response tdimfiathe long-term bond price falls. This
further reduces demand and acts as an additional staloizerflation.

Active monetary policy implies the unique bounded solufmminflation is given by

) =1\ X
A= gz (5) (E.PM, + EbM,). (33)
k=0

Deviations of equilibrium inflation from target are proportal to the deviations of the market
value of real debt from its target. This shows that even whemtonetary authority aggressively
targets inflation, fiscal policy still influences equilibmunflation dynamics. As government debt
rises, finitely lived households require higher intereg#sdo induce them to hold that debt given
their finite horizons. The only way this can happen under tbaetary policy rule specified ir29)

is for inflation to rise. Thus, a Taylor rule induces inflatiwhen accounting for finite planning
horizons ¢ > 0). If, instead, the central bank adjusts the nominal inteae with fluctuations in
government debt by addingh to its policy rule, higher levels of debt could be accommedat
without compromising their inflation targeting policy, badding fiscal variables to the monetary
feedback rule is anathema to most monetary economists.dMerghis result is unique to the case
where taxes are levied lump-sum and do not distort consemptans.

The central bank could also mitigate the fiscal authorityfilience by increasing its response
to inflation (higherg), but higher debt levels will still increase aggregate dedhand cause the
monetary authority teemporarilylose control of inflation. However, the presence of longemt
government debt, which acts as an automatic stabilizer fbation, dilutes the interference from
the fiscal authority and helps the monetary authority meenftation target.

When monetary policy pins down the price level, a unique bleanequilibrium requires the
fiscal authority to respond to disturbances in transfer gaymin a manner that stabilizes long-run
debt levels. To find conditions on fiscal policy that meet thiteria, combineZ8) and @0), apply
expectations conditional on informationtat 1, and imposeZ6) and @7) to obtain the expected
evolution of real government debt, given by,

Ea[PM 40 = (B =) (M +0y) + B 22,

where3 = /(1 + u)? < 1is a discount factor that accounts for the presence of finletd
agents. The tax rule implies that any increases in the magteé of debt will be met by higher

16This result was previously discussed.eith and Wren-Lewi€2000 andAnnicchiarico and Piergallini2007).
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taxes. If the response is not sufficiently strong, distuceario transfers will lead to explosive debt
dynamics that are not consistent with equilibrium. If, oa tither hand3— — 47 < 1, the effect
of any disturbance to transfers will slowly decay and pradsiable debt dynamics.

Further insight regarding the financing of government tiensscomes from the intertemporal
equilibrium condition, which relates real government diebthe discounted present value of pri-
mary surpluses. To derive this condition, first upd@® @nd imposeZ6) and 7). Then apply
expectations conditional on informationtaand solve forward to obtain

P+ b} = Z B*E, [7~'7A_t+k — ZZt—i—k] : (34)
k=1

Since the long-run price level is pinned down by the monesatority and transfers are exoge-
nous, any bond financed increase in transfers must be metheitexpectation that taxes will rise
by enough to support the higher value of debt. When agentsmangely lived, they bear the
entire burden of higher future taxes and fully discount dnyrsrun benefits from higher transfers,
delivering Ricardian equivalence. When agents are finliedyl, there is a possibility they will die
before taxes come due. This creates a positive wealth ¢ffatbreaks Ricardian equivalence.

Short-run dynamics are more complicated. To see this meeglg|] use the government budget
constraint, 28), to decompose3d) and obtain

8%1 + ppsptM — 7 =Q Z BkEt |:7~_7A-t+k: - ZZtJrk:] . (35)
k=0

Since all variables dated &t 1 are predetermined, government transfers shocks propawgtitely
through bond prices, inflation, and future taxes. When agard infinitely lived, the monetary
authority consistently meets its inflation target and anytdi@anced increase in transfers is met
by a commensurate increase in the expected present valaest When agents are finitely lived,
a debt financed increase in transfers produces wealth &ffleat cause inflation to temporarily
rise above target. This means disturbances to transfeméreartially financed by increases in
future taxes in the Perpetual Youth model. An increase icegtiwhose timing is determined by
the maturity structure of debt, delivers the remainingiport The interesting question is whether
the fiscal authority can exploit this by trading higher goweent transfers for higher inflation.

3.1.2 RASSIVE MONETARY AND ACTIVE FISCAL PoLicy As Davig and Leepef2006 2011
make clear, monetary and fiscal authorities do not contiglydaase policy on the same rules. Pol-
icy fluctuates between active and passive regimes as a agrsag|of both political and economic
factors. Under active fiscal policy, the fiscal authority onder adjusts taxes to stabilize govern-
ment debt, and instead bases tax policy on other factorsasioft+election, stimulus, or reaching
the fiscal limit. The most recent evidence for such a reginoeiged during the Bush tax cuts of
2001, when income and dividend tax rates were slashed Wigldebt-to-GDP ratio steadily rose.
The defense buildup and tax cuts during the Reagan adnaitistrserve as another example.
Under passive monetary policy, the monetary authority ngés aggressively targets inflation
and instead focuses on other factors such as output stlahz This policy typically arises during
economic downturns to curtail the severity of recessiom® fdre-Volcker era (1960-1979), which
experienced high inflation and output volatility, is oftemacacterized by this policy. The most
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recent example was the monetary authority’s response thridecial crisis of 2007-2010, when
nominal interest rates were pegged near their lower bourlé s&veral unconventional techniques
were used to help alleviate the credit crunch and rescuaddihancial institutions.

Suppose the fiscal authority fixes lump-sum taxes at a canisteal, 7, while the monetary
authority weakly adjusts the nominal interest rate withatifin. To see how the price level gets
nailed down, impose active fiscal policy a8 to obtain

pt - ppsptj\/[ - B%l + QZBkEtZZt—HC (36)
k=0

When fiscal policy is exogenous, the discounted preseneadltuture surpluses is predetermined
and fiscal policy determines the overallangein prices. To see this, consider two cases. First,
suppose there is an unanticipated shock to current govertrinaasfers, financed by an increase
in government debtB. Without any response from the fiscal authority, at initiites agents
feel wealthier regardless of their planning horizon. Higb@nsumption demand drives up prices
(eitherP; or future prices vid>) until agents are content with their initial consumptioaml Now
suppose agents expect transfers to increase at some faterenl this case, there is no change in
current debt, but without a fiscal response agents stilMegllithier. Once again, prices rise.

The presence of longer-term government debt allows the tapnauthority to influence the
timing of price changes. Consider two extreme cases. The monettgray can focus on sta-
bilizing current pricesF;, but then it must allow expected future inflation to adjusbtigh the
long-bond price 2. Alternatively, the monetary authority can focus on stalwi future prices
by pegging the nominal interest rate, but then it must allogvd¢urrent price level to adjust. This
tradeoff between current and future inflation makes cleauirtiportant role that longer-term gov-
ernment plays in price level determination. @8sechrang2001, 2011) emphasizes, a longer aver-
age maturity of government debt allows the monetary authtwipush inflation into the future.

The presence of finitely lived agents also influences thengnaif inflation. Without any re-
sponse from the fiscal authority, an increase in governmelnit produces positive wealth effects
that drive up current inflation. When agents are finitelydivieigher inflation reduces real wealth
and increases real interest rates. Feeling poorer, agathise future consumption, which places
downward pressure on expected inflation. To see this anotgrrecall that finitely lived agents
require higher returns to induce them to hold additional amt® of government debt. When the
monetary authority leans against future price changes ¢gipg the nominal interest rate, the only
way this can occur is if expected inflation falls. Thus, saoplanning horizons push inflation to
the present and hinder the monetary authority’s abilitydlag inflation.

3.2 HscAL LimiT IMPACT When a fiscal limit is not enforced, the fiscal authority has th
option to raise taxes indefinitely in response to increasesdl debt. The peak of the Laffer curve
imposes areconomicfiscal limit, but it is possible that thpolitical fiscal limit will bind at an
even lower tax rate. Using the same model laid owgention 3.1this section examines how the
presence of a fiscal limit—political or economic—impacts dguilibrium price level by imposing

a tax rate,77'L, that binds after some known dafe Government transfers are unaffected by
the fiscal limit and follow 81) for all time periods. Since the fiscal authority always henits
transfers commitments, the monetary authority stabilifegst by switching from active to passive
policy when the fiscal limit is hit at datg.
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To solve for the equilibrium market value of debt, first reer{34) as a difference equation
using the pre-fiscal limit tax rule3(Q). Then solve for the current market value of debt, iterate
forward, and use34) to substitute for the expected market value of debt at fime1 to obtairt’

T—t—1 = g7 N A
— 1 (BpZ)" T—t—1 ( BpS > ~ A
PtM 4 (A)l{/\/f — [(1—73?> 1-Bp5 + Zk:l -~ 37 ZZy, fort<T, (37)
Bry 55
_1—/?;% 4 Zy, fort > T.

Regardless of whether agents are finitely lived, the preseha fiscal limit breaks down Ricardian
equivalence. This occurs even though the pre-fiscal limicpmix exhibits Ricardian equivalence
when agents are infinitely livegé¢ction 3.1.1L Two other results follow through from the repre-
sentative agent model. First, higher government transéehgce the market value of government
debt. This result follows from the intertemporal equiltbm condition, 84), which shows that any
increase in government transfers reduces the discounésetrvalue of primary surpluses, and
therefore the market value of debt. Second, the strengthedfigcal response to changes in debt,
~, impacts the value of real debt even if the probability oftdeéa zero. This result follows from
the break-down of Ricardian equivalence, but is surprisinge the timing of taxes is irrelevant
when active monetary/passive fiscal policies are permarahagents are infinitely lived.

When agents face shorter planning horizons (a higher prityabf death), wealth effects
from changes in government debt are magnified and the maaka wf debt is more sensitive to
disturbances in government transfers. Monetary poligyetisralso affect the market value of debt,
since both the interest rate and inflation targets impactahee of real government liabilities.

To determine the unique price level, rearrange the govemhin&lget constraint2@), to obtain

P, = BM, + pPSPM 4+ Q|PM + b + 77, — 2 7). (38)

In general, the sequences of equilibrium prices cannot beddor analytically, since the long-
bond price is dependent on the entire path of future nomimetést rates. However, in the special
case where only short-term government debt is issued, tinplete trajectory of prices, real debt,
and inflation prior to the fiscal limit can be solved for recuety, givenR_,, B > 0. After the
fiscal limit, the economy evolves according to the fixed regoansidered isection 3.1.2

3.3 SMULATIONS It is useful to simulate the equilibrium paths of real debd amflation to
obtain a clearer picture of how the presence of a fiscal limé etergenerational transfers of
wealth affect equilibrium dynamics:igure 4isolates the effect of a fiscal limit by comparing the
model with permanent passive monetary/active fiscal pdbegtion 3.1.2to the model where
active monetary/passive fiscal policy holds until a fiscalitiis hit with certainty at datd” and
policy permanently switches to passive monetary/actieafigolicy (section 3.2.18

Prior to the fiscal limit equilibrium debt and inflation are raosolatile when a fiscal limit is
present?® This follows from the fact that each agent’s decisions areegued by long-run policies.

17Seeappendix B.JFor a complete derivation.

18The baseline calibration is as follows: The structural peeters are set t6 = .9615 (4 percent real interest rate)
andy = 0.06 [Leith and Wren-Lewig2000)]. Prior to the fiscal limitp = 1.5 and~ = 0.15. After the fiscal limit
is hit, ¥ = v = 0. Steady state values are setrte= 0.19, Z = 0.17, 7 = 1.02, andb/Y = 0.5, which implies
u = 0.0032. The parameters of the transfers process are $g} te 0.9 andoz = 0.002.

19The simulations are based on only one realization of the mowent transfers process, but the qualitative results
are not sensitive to the seed. All figures are based on idg¢mé&alizations of transfers.
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Figure 4: Equilibrium real debt and inflation across two nlsdene with permanent passive monetary/active fiscal
policy (solid lines) and another where active monetarygpadiscal policy holds until a fiscal limit is hit with certely

at datel’ = 50 and policy permanently switches to passive monetaryfadigeal policy (dashed lines). The path for
expected inflation is marked by circles and correspondsdalfisnit model. Reported values are based on a particular
realization of transfers and are in percent deviations fiteerdeterministic steady state.

In a permanent active monetary/passive fiscal regime, theetaoy authority pins down the price
level and the fiscal authority adjusts current and futurenpry surpluses to stabilize government
debt. When a fiscal limit is present, the influence of the fisstl limit regime, where taxes
cannot adjust, prevents the fiscal authority from fully nregeits obligations. Thus, debt deviates
widely from target, and since the price level is determingdlictuations in real debt, inflation
also becomes unhinged from target. As the fiscal limit apgres, the discrepancy between the
models slowly dissipates, and from tirie= 50 onward the equilibrium paths are identical, since
forward-looking agents have completely accounted for titeeipated policy adjustment.
Figure 4also plots expected inflation. Prior to the fiscal limit, exteel inflation is given by

Bty = ¢m — ,ui)t- (39)

Expected inflation also fluctuates with government debt amadre volatile than realized inflation.
When the monetary authority adjusts the nominal interéstrere than one-for-one with inflation
(¢ > 1), any deviation of realized inflation from target amplifiae deviation of expected inflation
from target. Demand-side effects from changes in real debse& agents to be systematically
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Figure 5: Equilibrium real debt and inflation across two tatiqy settings: one where the fiscal authority adjusts
taxeslessaggressively{ = 0.15) with real debt and one where the fiscal authority adjustesmoreaggressively
(v = 0.25) with real debt. All other parameters are identical to thegtiae model. Equilibrium paths correspond to
the model where the fiscal limit binds’at= 50. Reported values are based on a particular realizatiomo$ters and
are in percent deviations from the deterministic steady sta

incorrect in their inflation forecasts, even though agergscanstantly revising their expectations
and reacting to changes in realized inflation. Since shqtamning horizons cause agents to
demand higher interest rates to hold additional amountslatf the presence of finitely lived agents
dampens the fluctuations in expected inflation, but thiscefliedominated by any fluctuations in
realized inflation. At the fiscal limit, the monetary authpstabilizes government debt by pegging
the nominal interest rate. At this point, fluctuations in esjed inflation are no longer amplified
by realized inflation, but still fluctuate (negatively) witkal debt.

Figure 5illustrates the effect of increasing the response of tageshinges in real debt. In
a fixed active monetary/passive fiscal regime, a fiscal aiiyhtirat more aggressively adjusts
taxes with changes in real debt (highgr reduces the volatility of real debt and inflation from
transfers shocks. In contrast, when the fiscal authoritggacfiscal limit, 87) shows that a higher
~ increases the volatility of real debt, which leads to moratie realized and expected inflation.
The effectiveness of monetary policy is also compromisethieypresence of a fiscal limit. In a
fixed active monetary/passive fiscal regime, a monetaryoaityithat more aggressively targets
inflation (higherg), helps to stabilize prices more quickly. However, when ealiimit is present,
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Figure 6: Equilibrium real debt and inflation across two @oitities of death:? = 0.02 (50 year planning horizon)
andvy = 0.2 (5 year planning horizon). All other parameters are idexitio the baseline model. Equilibrium paths
correspond to the model where the fiscal limit bind$'at 50. Reported values are based on a particular realization
of transfers and are in percent deviations from the detéstigrsteady state.

more aggressive monetary policy has no effect on real detatadized inflation and increases the
volatility of expected inflation prior to the fiscal limit, #39) demonstrates. Both of these results
are due to the fact that the economy is guided by a passivetargreetive fiscal policy in the long-
run. In this regime, prices are not pinned down by the mogetathority and are instead dictated
by the fiscal authority. Thus, when the fiscal authority passa more passive policy before the
fiscal limit, neither authority stabilizes prices, sincematary policy (aside from its targets’ and
R*) has no influence on the value of debt and inflation.

The probability of deathy, pins down agents’ planning horizorfsgure 6illustrates the effect
of reducing the planning horizon from fifty/(= 0.02) to five years ¢ = 0.2). Although this
change is extreme, it shows how the volatility of real delotiafiation is impacted by the presence
of intergenerational transfers of wealth. When agentsimpilag horizons are relatively short, any
fluctuations from target are stronger and the monetary aitytsoability to control current and
future inflation is weakened regardless of the presence stalfiimit. Increased volatility stems
from the wealth effects created by shocks to governmensfeas, When agents restrict their
planning horizons, government liabilities are seen as) (meglth, and agents require higher real
interest rates to induce them to hold additional amount®eégiment debt. Thus, any increase in
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government transfers increases the volatility of debt afidtion. Overall, the results iigures 4

6, which are magnified when accounting for nonlinearitiesadly show that the presence of a
fiscal limit and/or intergenerational redistributions oéailth increase the volatility of debt and
inflation and compromise the effectiveness of the monetadyfigcal authority’s policies.

4 CALIBRATION AND SOLUTION TECHNIQUE

The model laid out irsection 2is calibrated at an annual frequency to characterize thactsppof
policy uncertainty over a horizon that extends several des@nto the future. The baseline cali-
bration summarized itable lis consistent wittRotemberg and Woodford 997 and Woodford
(2003. The steady state markup,= 6/(0 — 1), is set to 15 percent/(= 7.666). The annual
depreciation ratey, is set to 10 percent and the cost share of capitails set to 0.33. Following
Sbordong20032), two-thirds of firms cannot adjust prices each period. Wradguarterly calibra-
tion, this implies a costly price adjustment parameteipf approximately 38° Given that prices
are roughly 4 times more flexible at an annual frequepdyg, set to 10.

The leisure preference parameterimplies a steady state share of time spent working of 0.33,
which corresponds to a standard eight hour workday. Thea&ction services preference parame-
ter, x, is set so steady state velocity, defined as the ratio of rmlmonsumption expenditures (less
durables) to the M1 money aggregate, corresponds to thage&f.S. monetary velocity (1959-
2009) of 3.8. The baseline model only includes one-periogegonent debt. When longer-term
debt is added, the bond payment parameterprresponds to an average maturity of three years.

The probability of death parameter has many interpretatitimder a strict interpretation, this
parameter measures agents’ expected lifetime. U.S. Ifeaancy is roughly 75 years. Restricting
attention to the working age population, agents’ expedfetirhes are approximately 50 years,
which corresponds to a probability of death of 2 percent. hidigvalues for the probability of
death can account for agents being myopic about fiscal polayents may expect to live 50
years but may only consider the next decade in their planinargon when responding to fiscal
policy shocks. Higher values faf are also justified to examine how greater deviations from
Ricardian equivalence impact equilibrium outcomes. Githese alternative interpretations and
this parameter’s importance for characterizing how irdaggational transfers of wealth impact
equilibrium outcomes, | conduct sensitivity analysis ois fparameter. In the baseline model,
the probability of death between two consecutive yedrss set to 0.06 as itheith and Wren-
Lewis (2000. Values of¢ € {0.02,0.1}, which are respectively consistent with average U.S. life
expectancy anéfreedman et al2010, are also considered. | also compare the results from the
Perpetual Youth model to the conventional representageatamodel where@ = 0.

The steady state tax rate ensures a debt/output ratio 05,0a3@alue consistent with federal
U.S. data from 1954-2009. The ratios of government expereifoutput and transfers/output are
set to 8 percent and 9 percent, respectively, which matduesdl U.S. data over the same period.
The steady state gross nominal interest r&egand gross inflation rater, are respectively set to 4
percent and 2 percent. Prior to the fiscal limit, monetarycgat active and tax policy is passive
(Sp = 1) with parameterg) = 1.5 andy = 0.15. In the stationary transfers regimé, = 1),
government transfers are persistent with an autoregeessigfficient,p?,, of 0.9. The expected
duration of the stationary transfers regime¢(1 — p;), is set to 5 years, which closely adheres
to CBO projections. In the non-stationary transfers regifye = 2), government transfers grow

201, represents the fraction of firms that cannot adjust priges,w (6 — 1)/[(1 — w)(1 — Bw)].
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Table 1: Calibration

Baseline Calibration

Probability of Death ¥ 0.06*
Price Elasticity of Demand 0 7.666
Rotemberg Adjustment Cost Coefficient %) 10
Capital Depreciation Rate § 0.10
Cost Share of Capital « 0.33
Steady state Money Velocity \%4 3.80
Steady state Gross Inflation Rate T 0.02
Steady state Gross Nominal Interest Rate R 0.04
Steady state Labor N 0.33
Steady state Government Spending Share GJY 0.08
Steady state Government Transfers Share Z)Y 0.09
Steady state Debt-to-GDP ratio b)Y 0.385
Policy Parameters

Inflation Coefficient: Active MP Rule 10} 1.50
Debt Coefficient: Passive Fiscal Rule o' 0.15
Prob. of Moving to PM/AF/AT Regime after FL q 0.50
Initial prob. of the PM/AF/AT Regime after FL P22 0.90
Prob. of staying in the AM/AF/PT Regime after FL P33 0.99
Prob. of Non-stationary Transfers Occurring Pz 0.20
AR Coefficient: Stationary Transfers Process pg 0.90
Growth Rate: Non-stationary Transfers Process pg s 1.01
Standard Deviation of the Transfers Shock oz 0.002
Implied Values

Steady state Tax Rate T 0.19953
Tax Rate After Fiscal Limit TFL 0.24
Transaction Services Preference Parameter K 0.0101
Leisure Preference Parameter X 1.30
Annual Discount Factor B 0.9824
Bond Payment Parameter p of
Logistic Function Slope 0 3.8918
Logistic Function Intercept un 23.6018

* Alternative values of the probability of death parametereg by¢ = {0, 0.02, 0.1}, are also considered.
T When a maturity structure is embedded into the model, thel lpayment parametep, corresponds to an average
maturity of three years. Note that the implied parameteasigh under alternative calibrations.

at 1 percent{}° = 1.01), which corresponds to the average projected growth ragatitiement
spending between 2015-2071Gdngressional Budget Offi¢2011)].

Once government transfers follow an unstable trajectbeyfiscal authority continues to stabi-
lize debt by increasing taxes on capital and labor incoméathé monetary authority aggressively
fights inflation. However, there is a positive probabilityhating the fiscal limit,px,, which rises
according to the logistic function specified ih9). The parameters of the logistic function are
calibrated so that there is a 2 percent chance of hitting slealflimit whenr, = 7 and a 5 percent
chance when, = 7L, The constant post fiscal-limit tax rate’;”, is exogenously set in accor-
dance with a steady state debt/output ratio of 2.3. Thisigs@ tax rate and level of debt that are
unprecedented in U.S. history and would undoubtedly gémsteong political resistance.

With little direction on how Congress might proceed, thegpial policy adjustments at the

2IRising government deficits and debt are the primary conaithe Tea Party movement and the source of much of
their opposition to current government tax and spendingiesl (see the July 5, 2010 Gallup poll: “Debt, Government
Power Among Tea Party Supporters’ Top Concerns”).
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fiscal limit—either debt revaluation or reneging on goveemintransfers—occur with an equal
probability ¢ = 0.5). The transition matrix that governs post-fiscal limit pylis set so the
regime where the fiscal authority adjusts poli&y (= 3) has an expected duration of 100 years
(p33 = 0.99, p3» = 0.01) and the regime where the monetary authority adjusts pffigy= 2) has

an expected duration of 10 yeafs{ = 0.9, po3 = 0.1). These values reflect that in the long-run
some modifications to entitlement benefits will occur, budshese of their politically toxic nature,
debt revaluation always remains a possible financing outcom

Solution Technique The prospect of exponential growth in entitlement spendind sudden
changes to the policy mix imply that nonlinearity is a cric@mponent to understanding the dis-
tribution of aggregate outcomes that may transpire. Thae|Ve the aggregateonlinearmodel
using policy function iteration based upon the theory of otone operators, known as the mono-
tone map (MM). The MM has useful theoretical and numericabprties. It was used to prove
existence and uniqueness of equilibrium of non-optimahecties by Colemanl©91) and later
developed into an algorithm to approximate the solutiondalets with policy regime switching by
Davig (2004. This solution technique discretizes the state spacetaratively solves for updated
policy functions that satisfy equilibrium until a specifiedderance criterion is reached. Details of
how the algorithm is applied to the model outlinedserction 2are found inappendix C

5 NUMERICAL RESULTS. NO FISCAL LImMIT

To gain insight into the equilibrium dynamics of the PerpétMouth model, this section first
solves the nonlinear model laid out section 2without a fiscal limit. Conditional on fixed ac-
tive monetary/passive tax policy and stationary transfeseow how impulse responses to trans-
fers shocks are impacted by two key adaptations to the mdsdedt, | contrast two methods of
fiscal financing—lump-sum taxation and proportional taxaton capital and labor income—to
temporarily remove substitution effects and isolate weaftects from changes in government li-
abilities. Second, | add longer-term government debt tovdh@y a maturity structure affects the
duration and volatility of contractionary periods from gorment transfers shocks.

5.1 Lump-suM TAXES Figure 7displays impulse responses to a 10 percent shock to govern-
ment transfers, which is consistent with the annual perceange during the Great Recessfon.
Since lump-sum taxes passively respond to changes in goestrdebt, a transfers shock on im-
pact leads to higher expected tax liabilities. When agemsrdinitely lived, they fully discount
increases in government transfers since they bear theedntiden of higher future taxes. Thus,
decision rules are not distorted and Ricardian equivaleotis.

When agents are finitely lived, a positive transfers shodkstebutes wealth from future to
current generations, since there is a positive probaldisi living generations will die before
taxes come due. This places a higher expected tax burdenfudnte generations and creates
an immediate positive wealth effect for current generatidreeling wealthier, living generations
increase consumption and cut back on hours worked on impaaovernment debt rises, higher

22Nonlinear impulse responses differ from linear respons@sear impulse responses report how a shock makes
each simulated variable differ from iteterministiq/calculated) steady state. Nonlinear impulse respongastrieow
a shock makes each simulated path differ fromdteehasticsteady state, defined as a value for the state vector such
that|©; — ©:_1| < ¢, where® is a vector of policy functions and> 0 is a tolerance criteriorGallant et al(1993)].
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Figure 7: Responses to a 10 percent shock to governmentdramenditional on fixed active monetary/passive tax
policy and stationary transfers. Policies are financetlibyp-suntaxes anadne-periodnominal debt. Responses are
distinguished by the magnitude of the probability of deaii.values represent deviations from the corresponding
simulation’s stochastic steady state.

consumption demand crowds out savings and investment itaGagphich drives up marginal costs
and inflation as price setting firms continually revise th@ices. Mounting inflation eventually
reduces real government liabilities, causing labor sufphyse and consumption demand to fall.

When agents face a higher probability of death, their exqaelitetimes become further mis-
aligned with the government’s infinite planning horizon amealth effects are magnified. The
initial positive wealth effects increase consumption dedhand further crowd out savings and
investment. Inflationary pressures from rising marginatsanount, and since changes in infla-
tion affect the level of real financial wealth, a higher proitity of death imposes more severe
stagflation.

As the effect of the transfers shock slowly decays, tax ratesgovernment debt eventually
begin to fall. A smaller stock of debt causes private saviegebound and sends inflation back
toward its target rate. Increasingly smaller negative theaffects from inflation propel consump-
tion, capital, and output back toward their stationary leve'hese results confirm the intuition
laid out insection 3.1.2-when agents are finitely lived, shocks to transfers causenbnetary
authority to temporarily lose control of inflation even whers aggressively targeted. Moreover,
higher inflation is not associated with higher output, cantito conventional analysis.
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Figure 8: Responses to a 10 percent shock to governmentaramenditional on fixed active monetary/passive tax
policy and stationary transfers. Policies are financetiimp-suntaxes and nominal debt. The probability of death is
6 percent. Responses are distinguished by the averageityatugovernment debt. All values represent deviations
from the corresponding simulation’s stochastic steady sta

Longer-term Government Debt  As section 3andCochrang2001, 2011) make clear, the pres-
ence of longer-term government debt significantly impdwstiming of debt and inflation. These
differences are critical for understanding how policy utaaty affects equilibrium outcomes.

Figure 8shows the effect of adding a debt maturity structure. Whemesgare infinitely lived,
Ricardian equivalence continues to hold, since the timihgavernment debt does not impact
agents’ optimal decision paths when taxes are levied lummp-sin contrast, when agents are
finitely lived, the presence of longer-term government lsgordduces higher inflation and a deeper
and more persistent contractionary period. As the averagerity of debt is increased, the financ-
ing of government liabilities is pushed further into theuitg. This increases the tax burden for
future generations and magnifies the transfer of wealth frdore to current generations.

Greater wealth effects lead to larger increases in consamand further reductions in labor.
However, positive short-run effects are quickly erasedhigber aggregate demand and lower
aggregate supply crowd out private savings. Marginal cestdl and inflation quickly rises. The
central bank responds by sharply increasing nominal isteeges, which drives down long-term
bond prices. The loss in net wealth from higher inflation amsldr bond prices causes deeper
reductions in consumption, capital, and output, and, sieeé debt remains well above steady
state for a protracted period, the contractionary effesweore persistent.
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Figure 9: Responses to a 10 percent shock to governmentdramenditional on fixed active monetary/passive tax
policy and stationary transfers. Policies are financedibiortionarytaxes (levied against capital and labor income)
andone-periodnominal debt. Responses are distinguished by the magnitiuithe probability of death. All values
represent deviations from the corresponding simulatist@ishastic steady state.

Longer-term government bonds spread the financing of fisxalks across future generations.
Although debt is less volatile, large wealth effects (whact not captured in a representative agent
model) increase macroeconomic volatility and lengthenpibieod of stagflation. These results
under lump-sum taxation illustrate the importance of captuintergenerational redistributions of
wealth and the impact of a more general debt maturity stractu

5.2 DISTORTIONARY TAXES Figure 9shows how proportional taxes levied against capital and
labor income affect the responses to a 10 percent shock terigoent transfers. In contrast to
the case where lump-sum taxes finance any increases indrankfgher expected tax liabilities
reduce incentives to work and invest, breaking Ricardianvadence even if agents are infinitely
lived. On impact, this causes agents to substitute outalapitavor of consumption.

When agents face a positive probability of death, each dfettedfects are magnified, since
positive wealth effects from higher real government ligie$ increase consumption and reduce
labor supply and investment on impact. The reduction inrggs/tends to increase marginal costs,
but with distortionary taxes, the after-tax real wage ratisfand labor supply initially contracts.
Since the labor supply constitutes a majority of firms’ cdsts= 1/3), the reduction in the real
wage dominates the rising rental rate of capital. Hencegimakcosts and inflation initially fall.

Steady reductions in aggregate supply lead to continuedttieds in investment, which even-
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Figure 10: Responses to a 10 percent shock to governmestdramonditional on fixed active monetary/passive tax
policy and stationary transfers. Policies are financedibiortionarytaxes (levied against capital and labor income)
and nominal debt. The probability of death is 6 percent. Beses are distinguished by the average maturity of
government debt. All values represent deviations from treesponding simulation’s stochastic steady state.

tually drive up marginal costs and inflation. Once again, wagents face a positive probability of
death, rising inflation creates a negative wealth effectth&seffect of the transfers shock slowly
decays, real debt eventually peaks and starts to fall. Baigaes the tax burden and causes labor
supply and investment to rise. Moreover, it causes inflatiopeak and slowly fall back toward
steady state. These results show that even with the presérscistitution effects from distor-
tionary taxes, intergenerational transfers of wealth sutiglly impact the trajectories of both real
and nominal variables. As agents’ planning horizons areaed, the stagflationary period is more
severe and the central bank’s inflation targeting policpgseasingly compromised.

Longer-term Government Debt  Figure 10compares the responses to a 10 percent shock to
government transfers with one- and three-period nomiriati‘ddn contrast with the results under
lump-sum taxation, the presence of longer-term governheitreduces the volatility of both real
and nominal variables. Regardless of the financing mecimtiie presence of longer-term bonds
pushes the financing of debt into the future. Once again,diligys tax increases and increases
the discounted present value of government debt. Howevenwaxes are proportionally levied

ZMonetary and fiscal policy parameters are held constantsaaraturity lengths, but the response of taxes to
government debty, is increased to 0.40 to guarantee stability. Thus, thdteeare not comparable to earlier ones.
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against capital and labor income, delayed taxes also imglstgr incentives to work and invest,
which produce a smaller reduction in the capital stock abddaupply in the short-run.

The long-run effect on real variables is more severe. Ealytiaxes come due and the dis-
tortionary effects on the capital stock and labor supply leea prolonged contractionary period.
Even though reduced labor earnings keep aggregate demanfiitther reductions in aggregate
supply increase marginal costs and keep inflation abovettémga longer duration. These results
reiterate one of the main points séction 3—longer-term government debt affects the timing of
inflation. With proportional taxes, a longer average ma&gusf government debt can reduce the
volatility of real and nominal variables but at the steept odprotracted stagflation.

6 NUMERICAL RESULTS: FISCAL LIMIT

| now take seriously the fact that there exists a limit to tegrée of financing that taxes can pro-
vide and solve the complete model laid outsigction 2with a fiscal limit. This model illustrates
how agents’ expectations alter the aggregate economy loyparating several layers of policy
uncertainty (monetary, tax, transfers). Using countéuf@cexercises that condition on a particu-
lar monetary/tax/transfers policy regime and Monte Caiauations of the model, | show how
alternative planning horizons and the maturity of governthiebt impacts the expectational ef-
fects of the fiscal limit and the degree of reneging on govemntransfers. | also illustrate the
consequences of delaying reform by adding the possibilitggislation that stabilizes transfers.

The following results reiterate many of the main pointséction 3.2 In that section, however,
policy adjustments occur with certainty and their effeetslarought into the present, which is in-
consistent with current observations. This section, whicbrporates several layers of uncertainty,
delivers more gradual adjustments and hedging behaviorcbmmonly seen features.

6.1 EQUILIBRIUM TRANSITION PATHS The economy begins in “normal times,” when the mon-
etary authority actively targets inflation and the fiscalhauity passively adjusts the tax rate to
stabilize debt and fully honor its (stationary) transfeosnenitments §» = 1). In period 5, the
same policy regime continues to hold, but transfers switdhé non-stationary procesS/ = 2)
given in (16). Figure 11displays counterfactual transition paths, conditionattminitial policy
mix and non-stationary transfers remaining in place evtanr &ie fiscal limit is hi*

Steadily rising government transfers push real debt anestagntinually higher. Higher pro-
portional tax rates levied against capital and labor incdexease incentives to work and invest,
reducing labor supply and savings in capffaMVhen agents are finitely lived, growing debt pro-
duces positive wealth effects, but igure 9 shows, these effects are dominated by the sharp
reduction in aggregate supply, which reduces consumptfdthough lower aggregate demand
tends to push inflation downward, higher marginal costs ha@kpectational effects of moving to

24This simulation is different from the impulse response fiors shown irsection 5 Those simulations produce
responses to a one-time shock to government transferssifnigation is based on a sequencgolicyregime shocks,
where transfers set off on an non-stationary path in peri¢f = 2) and the active monetary/passive tax/active
transfers regime{p = 1) remains in place even after the fiscal limit is hit. Althoub# initial policy mix is absorbing
and no transfers shocks are realized, agents continueegekipsctations on the true probability distributions diesct
in section 2 Thus, this exercise highlights how expectational effattes equilibrium outcomes.

25|n the baseline model, the tax rates levied against capithlabor income are identicaAppendix Ddifferentiates
between these tax rates and shows how the expectationetisedfiethe fiscal limit are altered when capital and labor
taxes hit their respective limits at different dates.
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Figure 11: Responses to government transfers switchinghtinastationary pathyy = 2) in period 5, conditional
on active monetary/passive tax/active transfers poliayaiaing in place even after the fiscal limit is hit. Responses
are distinguished by the magnitude of the probability oftded@he grey line represents the post-fiscal limit tax rate.
Reported values are in deviations from the stochastic gtet@die.

a regime where debt is revaluesi{ = 2), steadily increase expected and realized inflatfon.

In the Perpetual Youth model, expectational effects amnger than in the conventional rep-
resentative agent model. When agents are finitely livedddterising inflation shifts real wealth
from current to future generations, since it decreasesgearnment liabilities and lowers the
tax burden of future generations. Faced with a negativetivefflect, current generations further
reduce consumption and investment. Feeling poorer, agentisl typically work more, but higher
debt levels from a smaller tax base force higher taxes, whiplpresses incentives to work. Higher
marginal costs and a greater likelihood of hitting the fidizait, produces higher inflation. Thus,
the severity of the stagflationary period rises with the piwlity of death?’

Since taxes continue to respond to the increases in govetntebt after taxes surpass the
post-fiscal limit tax rate (gray line), agents face persiiygpositive innovations in taxes. With the
expectation that taxes will stop increasing and remain fiated ”, the expected after-tax return
on capital and the prospect of reneging rise. Both of thepe@ational effects increase incentives
to invest and lead to steady increases in the capital staak leefore the fiscal limit is reached. In

26The strength of the expectational effects is heavily depahdn the slope and intercept of the logistic function
specified in 19). Appendix Econducts sensitivity analysis on these parameters.
2’Cochrang2011) also argues that stagflation is a likely outcome of loomiagdi stress.
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Figure 12: Inner 80th percentile range of time paths baseMante Carlo simulations of the model. Simulations
are distinguished by the magnitude of the probability oftde&eported values are in deviations from the stochastic
steady state and based on 20,000 simulations.

the Perpetual Youth model, these forces are partially offfgehe negative wealth effects imposed
by higher inflation. Thus, as the probability of death ristt& duration of the contractionary
period increases and the expectational effects from lowerst become operative at a later date.
Nevertheless, lower marginal costs eventually dominageettpectational effect of moving to a
regime where debt is revalued and inflation falls. Althoughtax base expands, falling inflation
and growing transfers continue to push real debt higher.

The outcomes in this counterfactual make clear the devwagtabnsequences that long-term
fiscal stress can impose on economies. Regardless of thalplibbof death, output falls and the
monetary authority loses control of inflation for over fowcddes, even though it is aggressively
targeted. The presence of finitely lived agents only leadisrtber reductions in output and makes
it more difficult for the monetary authority to meet its inftat target. When agents make decisions
based on a ten year planning horizah=€ 0.1), the total loss in output exceeds 8 percent while,
at the same time, inflation rises by over 2 percent. Only duitie mid 1970s and early 1980s did
the U.S. experience prolonged periods of inflation and leedections in output. Moreover, in the
post-World War Il era, declines in output of this magnitude anprecedented. Even during the
Great Recession (2007-2009), output fell by just over 5qrarc

Figure 11is useful for understanding how the presence of fiscal uaicgytimpacts equilibrium
outcomes. However, it is based upon policy regimes that ¢ffleet at specific dates and is not
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useful for understanding thenge of macroeconomic outcomes that are possible under a more
diverse set of policy scenarios. To account for the rangessible outcomes and fully characterize
equilibrium, 1 conduct 20,000 Monte Carlo simulations oé tnodel by drawing sequences of
regimes and shocks to transfers, starting from the inibitp mix (Sp = 1, 57 = 1).

To highlight the extreme outcomes that are possible in eamtehfigure 12plots the 10th and
90th percentile bands of time paths for each variable urterdpresentative agent & 0) and
Perpetual Youthi{ = 0.1) models. For roughly the first decade, the deviation fromstiagionary
distribution is quite small regardless of the probabilityleath. Given the initially low probability
of reaching the fiscal limit, agents expect policy changesciur far into the future and heavily
discount these outcomes. Eventually, an increasing piiityadf hitting the fiscal limit implies a
broad range of outcomes that could include any outcome freerasevere contractionary period
with high growth rates of debt and inflation to a very modesttiaxctionary period with low debt
and virtually no inflatior’® These outcomes reflect that the fiscal limit can be hit and mpovent
transfers can become non-stationary at any point, or ndk at a

Due to the feedback effects between real variables andiorflad higher probability of death
increases the likelihood of a deep contractionary periatirapidly rising debt and inflation. Nev-
ertheless, with agents conditioning on policy adjustmémas ensure its stability, the debt/output
ratio never climbs to the extreme levels the CBO projefitgife 7). The presence of intergen-
erational transfers of wealth does however increase tleéiHikod of higher degrees of reneging.
Although the degree of reneging is heavily dependent onltheacteristics and probability distri-
butions of the model, these simulations reaffirm the basissage laid out idigure 2—there is
a strong probability that substantial reductions in eatitént benefits will be required to stabilize
the growth rate of government debt without comprehensif@methat ensures the sustainability
of government entitlement programs.

Aside from enacting reform that places transfers back oalaespathsection 3.2nakes clear
that there is little the monetary and fiscal authorities aatogrevent stagflation. A fiscal authority
that raises taxes more aggressively in response to rislitgaéighery), causes a deeper and more
persistent period of stagflation for two main reasons. Fitstecreases incentives to work and
invest, which leads to sharper reductions in both aggresygaely and demand. Second, itincreases
the probability of hitting the fiscal limit, which increastdse likelihood of debt revaluation, and
drives up the growth rate of inflation. The presence of a fifioat also ties the hands of the
monetary authority. A more aggressive response to inflg@ohigher¢y) has no impact on the
trajectory of government debt. Thus, tax rates rise at theesspeed, and the expectational effects
of the fiscal limit continue to exert stagflationary pressure

6.2 IMPACT OF LONGERTERM GOVERNMENT DEBT Figure 13shows how the transition
paths infigure 11change when a more general portfolio of government debtsdatb the baseline
model and the monetary authority no longer pegs the nomiaidst rate after the fiscal linft.

28The large jumps in real variables are caused by the tax ratpijg to its exogenously specified valu€;~,
when the fiscal limit is hit. An alternative approach is toaper” endogenously so that it equals the prevailing tax
rate,7,_1, when the fiscal limit is hit. Making?~ endogenous alleviates these unnatural features, ag@endix F
shows, the qualitative results are similar across thesespaoifications of '~

29To accommodate a debt-maturity structure, the bond paymemaimeterp, is set so the average maturity of
government debt is three years. This changes the calcudtdady state of the model. To remain consistent with the
baseline calibratiors; = 0.22925 is set to ensure a constant debt/output ratio across malemigths and-" = 0.27
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Figure 13: Responses to government transfers switchingtmeastationary pathy; = 2) in period 5, conditional on
active monetary/passive tax/active transfers policy ieing in place even after the fiscal limit is hit. The probéil
of death,d, is set to zero. Responses are distinguished by the averatgeity of government debt. Reported values

are in deviations from the stochastic steady state.

The presence of longer-term government bonds stretchéisefimancing of government liabilities
over several years. Since taxes are pushed further intathieef agents react to the higher after-
tax return on capital by increasing investment. Although #ffect is partially offset by steadily
falling bond prices and an initially lower probability ofireging, the path of capital is initially
higher when the average maturity of government debt is as@é to three years. Labor supply
unambiguously increases due to a higher after-tax real waigeand lower real wealth.
Longer-term government debt also pushes the expectatfieaits of the fiscal limit further

into the future, as inflation peaks roughly two decades #fgyeak in the model with only one-
period nominal debt. Although a growing prospect of debtheation imposes steadily rising
inflationary pressures, the presence of longer-term debkeves this effect, since changes to the
yield curve serve as a shock absorber. Growing transfera@wemet with a steadily declining
price of the long bond, which increases the slope of the ydalde and pushes debt and inflation

remains four percentage points above steady state. Mgraetdifiscal policy coefficients are also held constant across
maturity lengths. To ensure stability, the response of¢dgegyovernment debty, is increased to 0.20. To allow for
movements in the bond price, the monetary authority no Iopggs the nominal interest rate after the fiscal limit.
Instead,p = 0.2 so that the nominal interest rate weakly responds to chaingie$lation. Finally, to isolate the
differences in the equilibrium paths across maturity lasgthe probability of death is temporarily set to zero. All
remaining parameters are set to their baseline values.
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Figure 14: Inner 80th percentile range of time paths basedamte Carlo simulations of the model. The probability
of death is 6 percent. Simulations are distinguished by Vieeage maturity of government debt. Reported values are
in deviations from the stationary distribution and base@0®00 simulations.

into the future. Thus, the fiscal authority is able to resptmdrowing government debt by in-
creasing taxes for a longer period. Incentives to work amdsnsteadily erode and cause larger
decreases in the capital stock when compared to the modebwiy short-term government debt.
This produces sharp increases in marginal costs, which@agntranslate into larger increases in
inflation. Figure 13reiterates one of the main points sfction 3—longer-term government debt
pushes current inflation into the future, but still leadsewvese consequences in the long-run.

To assess the quantitative features of adding a debt mastniicture to the model, | return the
probability of death parameter to its baseline valtie<( 0.06) and conduct 20,000 Monte Carlo
simulations of the modeFigure 14plots the 10th and 90th percentile bands of time paths for the
models with one period nominal debt and a three year averaderity of government debt.

With short-term debt, the 90th percentile shows the fisaait iis consistently hit 45 years into
the future. Even though transfers continue to grow at 1 pertleis flattens the trajectory of debt,
since both of the post-fiscal limit regimes stabilize debithvel 50 percent chance of debt reval-
uation, the 90th percentile of inflation quickly rises tods/not seen since the 1970s. However,
sharper increases in inflation—and many of the dire scen@n® CBO and others projed{¢t-
likoff and Burns(2005]—are prevented by reneging on government transfers. tewpected
transfers induce precautionary savings. As agents try feebthe negative wealth effect from
reneging by increasing savings on capital, real marginstisdall, which prevents further inflation.
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(a) Average of the upper 0.005 percentile of inflation.(b) Probability of stagflation, defined as the proba-
Reported values are in deviations from the stochastibility that inflation is above 4 percent and the annual
steady state. percent change in outputin less than 1 percent.

Figure 15: Simulated impact of lengthening the debt matstitucture. The probability of death is 6 percent. Simula-
tions are distinguished by the average maturity of govemebt. Reported values are based on 20,000 simulations.

The presence of longer-term debt reduces the expectaedieats of hitting the fiscal limit.
Although rising tax rates immediately produce contraamnoutcomes, stronger reductions in
real variables do not take effect until 15 years after the ehadth only short-term debt. Thus,
the short-run impact on nominal variables is reduced—dwenext fifty years, the 90th percentile
of inflation never exceeds 3 percent and real debt remaimsvbélorld War Il levels. Moreover,
the likelihood of significant reneging is reduced in the $iman. With 90 percent confidence, the
fiscal authority meets at least 80 percent of its transfemsnsibments fifty years into the futur.

The probability of the fiscal limit remains low for severalcdeles, since longer-term debt
delays the financing of government liabilities. This kedes initial policy mix (S = 1) open
longer, but pushes the distribution of debt beyond the $egekn when only short-term debt is
present. As debt levels grow, the probability of hitting flseal limit rises and inflation mounts,
but the upper distributions of inflation and output nevechetne extreme levels seen when only
one-period government bonds are issued.

To obtain a better sense for the tail risk of inflation acrosgumity lengths, | followDavig
et al.(2011) and compute the average of the upper 0.005 percentile atioril To compute this
statistic, order thert("), n =1,2,..., N realizations of inflation fromV simulations and average
the V- 7 outcomes, wher@ is the desired percentile. The conditional tail expectaisayiven by

N
1 n
Elm|m > 77] = Wzﬂ-t( )I[T,oo),
n=1

wherer” is the value of inflation corresponding to tié" percentile andj7 ) is an indicator
function that signifies a value of inflation greater thanTfigpercentile.

30Bohn (2010 and Cochrang(2011) also contend that lengthening the average maturity streaif government
debt can reduce the short-run effects of fiscal stress, lihbwi developing a fully specified model.
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Figure 16: Possible evolution of monetary and fiscal polagimes with reform

Figure 15amakes clear that longer-term debt reduces the risk of gigwiftation and virtually
eliminates the prospect of hyperinflation over the next swiecades. When only short-term debt
is present, tail outcomes of inflation start to increase moge20 and surpass 50 percent inflation
rates by period 50. In sharp contrast, when the average yattidebt is increased to three years,
inflation only poses a serious risk more than 50 years intéutoee. When taxes come due and the
probability of the fiscal limit rises, tail inflation rises atply, butneversurpasses the levels seen
when only one-period bonds are issued. Eventually tailtioflapeaks, as agents place a higher
weight on the fiscal authority reneging on transfers, irdstfadebt revaluation.

These results confirm that high levels of inflation are ta@res that agents discount more heav-
ily as the average maturity of debt rises. Regardless of tueimty structure of debt, discounting
helps to suppress current inflation but also serves as amngpsignal to policymakers—the conse-
guences of delaying reform may seem insignificant, but ihtgjexpectations of inflation become
unhinged, the consequences can be quite severe.

The Monte Carlo simulations considered thus far are sonestimisleading because they re-
port percentiles across all simulations instead of looldhthe characteristics of each simulation.
To illustrate the worst-case scenaribgure 15bplots the probability of stagflation across maturity
lengths, where stagflation is defined as any outcome wheeagionflis above 4 percent and the an-
nual percent change in output in less than 1 percent. Thefinding offigures 14and15acarries
over—a longer average maturity of debt reduces the shartisk of stagflatiort® However, a new
finding also emerges—whereas the probability of stagflatiees in period 30 and surpasses 30
percent by period 60 when only one-period bonds are isshegbrobability of stagflation remains
below 10 percent when the average maturity of debt is inees 3 years. This result shows that
a longer debt maturity structure not only delays the riska@#ation, but also prevents heightened
long-run risk. Fifteen years after the probability of stagiin starts to rise, there is a 10 percent
probability that stagflation occurs, regardless of the ayematurity of debt.

6.3 CosTs OFDELAYING ENTITLEMENT REFORM Much of the recent fiscal policy debate
centers around government spending cuts and how they casebda help stave off the dire sce-

31The qualitative results dfgure 15bare identical for alternative definitions of stagflation.
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narios the CBO projectdigure 1).3> The bleak economic outlook facing entitlement programs
(figure 2 makes drastic reform measures such as adopting a singée-paath care system, pri-
vatizing Social Security, reducing Social Security besgfior example via changes to indexing
or by raising the retirement age), and amending MedicareMeudicaid reimbursement rates re-
alistic policy outcomes. By extending the baseline modellkmw for the possibility of reform—
legislation that indefinitely places government transbexrsk on a sustainable path—this sections
assesses the economic consequences of delaying compvetreferm.

Figure 16llustrates how policy evolves. When government trans$risch to a non-stationary
path (S; = 2), the fiscal authority considers passing reform, hopings®taxes to onlyemporar-
ily finance the rise in government debt. To capture the incrggsatitical pressure for reform
associated with rising debt, the probability of reform islegenously determined by

exp(ng’ —ni' (b, — (b™)"))

. ) 40
PRt 1+ exp(ng’ — ni'(by — (b)) )

wherenlt andnf® > 0 are the intercept and slope of the logistic functidrEntitlement reform
places transfers back on a stable trajectory, regardlestether it is passed before or after the
fiscal limit is hit. However, given the economic consequergssociated with the fiscal limit, the
fiscal authority finds itself in a horse race to pass reforrorgo the fiscal limit. When the fiscal
limit is hit, either monetary or fiscal policy adjusts as désed insection 2 but there remains a
positive probability of reform that continues to increasehwgovernment debt.

Figure 17illustrates the economic consequences of delaying emigte reform by 10, 20, and
30 years after government transfers become non-statiocangitional on the initial policy mix
(Sp = 1) holding even after the fiscal is hit. Once government transséwitch to an explosive
trajectory in period 5, stagflationary outcomes quicklyuensand each year Congress fails to pass
entitlement reform, the economic situation steadily detates.

Regardless of when entitlement reform is passed, accuetlibt service obligations and
a persistently high probability of hitting the fiscal limibtinues to drive up debt and inflation
even after the date of reform. As taxes respond, incentov@stk and invest further deteriorate.
Eventually, transfers decay to a level that is sufficientclanrent tax policy to reduce government
debt and propel output and inflation back to their statioteargls, but these results serve as another
warning sign to policymakers—the number of years it takessttonomy to rebound from a period
of growing transfers increases exponentially with the nends years it takes to pass reform.

7 CONCLUSION

As the CBO makes clear, the U.S. is entering a period of hergdd fiscal uncertainty. With lit-
tle or no indication from policymakers about how future pgliwill adjust, this paper explores
alternative scenarios for the evolution of policy whileitakseriously the reality that there exists
a limit—political or economic—to the revenues that can beegated from taxes. The possibil-
ity of reaching the fiscal limit has always existed, but witaTParty resistance to higher taxes
and entitlement obligations that are projected to expltiis,outcome is becoming increasingly
relevant.

32For additional discussion on fiscal retrenchment lssgper(20108), Bi et al. (2011), andCorsetti et al(2010.
3The logistic function parametersl* andnf are calibrated so that there is a 4 percent chance of refothein
stationary equilibrium and a 20 percent chance of reformnathe fiscal limit is hit.
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Figure 17: Impact of passing entitlement reform 10 (sohé)j 20 (dashed line), and 30 (circles) year after goverhimen
transfers switch to a non-stationary process (period 5iditional on conditional on active monetary/passive tetia
transfers policy remaining in place even after the fiscaltlimhit. The probability of death is 6 percent. Reported
values are in deviations from the stochastic steady state.

Recent work has been aimed at understanding the macroegoimoptications of this uncer-
tainty but within the strict confines of a representativerageodel, which is unable to account
for key intergenerational redistributions of wealth. Thagper introduces a fiscal limit into a Per-
petual Youth model to assess the impact of intergenerdtiosnasfers of wealth on equilibrium
outcomes. Another critical component that is commonlydeitt of most policy analysis is a debt
maturity structure. This paper examines how the presendenger-term government debt im-
pacts the expectational effects of the fiscal limit. Finallys paper investigates the impact of
delaying entitlement reform—Iegislation that indefinjtgllaces government transfers back on a
stable trajectory. Four key findings emerge:

1. When government liabilities are seen by agents as nethydhe expectational effects of
policy uncertainty are substantially stronger. As a consege, growing government trans-
fers impose a deeper and more persistent contractionagdperhich produces heightened
inflation risk and further hinders the central bank’s inflattargeting policy. Although cur-
rent levels of inflation remain low, the extreme tails of thstiabution show that higher levels
of inflation can quickly strike as agents’ expectations atfa rising government debt. The
dire scenarios the CBO and others project never transpirethlese results still serve as
a warning sign for policymakers—without comprehensivemef that ensures the sustain-
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ability of government entitlement programs, the centraiksability to combat inflation
becomes increasingly difficult, the risk of a painful andtproted recession rises, and sub-
stantial reductions in entitlement benefits become inangaslikely.

. The presence of longer-term government debt drasticadlyces the short/medium-run im-
pacts of policy uncertainty. For the next fifty years, infiationly poses mild risk, even in
the upper-tail of its distribution. Moreover, contract&my outcomes are less likely and much
less severe. These results suggest that the fiscal autbantsemporarily reduce the aggre-
gate effects of fiscal stress by increasing the average ityatdirgovernment debt. Such a
policy will buy policymakers additional time to resolve tlooming fiscal crisis, but it must
be approached with extreme caution. Without reform, theedgiohg problem persists and
the long-run risk of stagflation steadily mounts.

. Explosive government transfers bring economies towlaedfiscal limit and force agents
to condition on a broad set of possible outcomes. When ongypmtiod nominal debt is
included in the model, fiscal uncertainty produaesnediateand steadily rising inflation.
This, however, is inconsistent with current inflation exgaéions, which remain stable and
low. Many economists contend that large fiscal imbalancdgganwing debt imply looming
inflation [Feldstein(2009; Fergusor(2009]. The presence of longer-term government debt
delays the expectational effects of the fiscal limit and nedes these points.

. If entitlement reform is passed well before the fiscal fimmihit, policymakers can drasti-
cally reduce the severity and duration of the stagflatiopenyod caused by exponentially
rising government transfers obligations. If, howeveroref is delayed, the economic con-
sequences of hitting the fiscal limit become stark, as theataoy authority loses control of
inflation and contractionary outcomes persist for sevezabdes after reform passes. Thus,
economic outcomes may steadily improve shortly after refpasses, but the consequences
of delaying reform may hinder economic performance wet ihie future.
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APPENDIXA DETAILS ABOUT FIGURES1 AND 2

Figure laplots the actual and projected debt-to-GDP ratio from 19085 [Congressional Budget
Office (2011)].34 CBO projections are based on two scenarios—the Altern&iiseal Financing
(AF) and Extended-Baseline scenario (EB)—that reflecedziit assumptions about future federal
government revenues and spending. The EB projection (ddste assumes current law will
remain in effect. This means that in the EB scenario, the Biasihcuts of 2001 and 2003, which
were recently extended in 2010, will sunset, the altereatnmimum tax (AMT) tax base will
continue to expand, and the tax provisions of the recentlineate act (HR 3590) will take effect.
Each of these policies projects higher revenues, whictebffauch of the growth in entitlement
spending and keep the growth rate of debt relatively low. AReprojection (dash-dotted line)
assumes that routine adjustments to current law will coetito be enacted in the future. Some
of the adjustments include: (1) All tax provisions currgrgét to expire will be extended through
2021, including provisions related to the AMT; (2) Medicam@imbursement rates for physicians
will continue to grow at the same rate as the Medicare Ecoadnaiex; (3) Smaller decreases in
discretionary spending. These assumptions contributentoch bleaker budgetary outlook and
portend an unsustainable path for the growth rate of goventihebt.

Figure 1lbgives a breakdown of historical and projected non-intdestdral government spend-
ing as a percentage of GDP. According to the EB scenarid,dp&nding on entitlement programs
will rise from 10.4 to 15.5 percent of GDP by 2035. At the sameet other non-interest spending
will fall from 12.2 to 7.8 percent of GDP. The AF scenario gaian even more grim picture—
entitlement spending rises further to 16.4 percent of GD#lewther non-interest spending only
falls to 8.5 percent of GDP. The AF scenario also projects adifferent path for revenues. In
the EB scenario revenue increase to 23.2 percent of GDP (& P0Bin the AF scenario, revenues
remain constant at about 18 percent of GDP.

Figure 2aplots the actual and projected trust fund ratio, defined astass a percentage of
annual expenditures, from 1970-204&ofial Security Administratio2011)]. SSA projections
paint a bleak outlook for the short-run solvency of governtrentittement programs. When the
trust fund ratio falls below 100 percent, projected costseex income, but entitlement programs
would still be able to pay out full benefits until the trust furatio falls to zero. The disability
insurance (DI) trust fund ratio falls below 100 percent ii2@nd assets are completely exhausted
by 2018. The outlook for the Hospital Insurance (HI, Medé&c&art A) trust fund is also bleak.
The trust fund ratio falls below 100 percent by 2012 and assetfully depleted by 2024. The Old
Age Survivors Insurance (OASI) trust fund is in better shafige trust fund ratio remains above
100 percent until 2035 and assets are not exhausted un€éll 203

Under the EB scenaridigure 2bshows how the effects of aging and excess cost growth con-
tribute to the projected growth in entitlement spending psraentage of GDP. Since 1975, Medi-
care costs have grown at an average of 2.3 percentage pastes than per capita GDP. The CBO
defines this difference asxcessost growth. Over the next 25 years, the CBO projects theteffe
of aging will account for 64 percent of the growth in entitient expenditures. By 2085, the effect
of cost growth becomes the dominant factor, explaining #tqye of the spending growth.

34As of the 2011 Long Term Budget Outlook, the CBO only publ&sheojections 25 years into the future due to
the high degree of uncertainty surrounding fiscal policyeSehprojections were made prior to the Budget Control Act
of 2011.
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APPENDIXB DERIVATIONS

B.1 INDIVIDUAL LAW OF MOTION FORCONSUMPTION To derive the individual consumption
function, note that the first order conditions are given by

Mt R,
t » Al
f2) KJRt _ 10 )t ( )
Ws ¢ X Cst
= = : A2
Pt 1—Ts’t1—ns’t7 ( )
B
1=E {Qt,t—i-l(s)P Rt} ) (A3)
t+1
B RE,
1= F; Qt,t+1(3) (1 - Ts,t-l—l) P +1-9|¢, (A4)
t+1
1+ pPN, P
1=F . A5
' {qu(S) PtM Py ( )
We can useA3)-(A5) to obtain the following identity:
P,  PMpM P, b3, (14 pPM )M
- = +ky=E Rk, . =17
P - P et tq Bera(®) Py * Piia " Piia
Given (A1), further manipulations then imply
PSbS PMbM
t Yst i t Yst Mgt Tk,
P, P, P, ’
i Py mst"‘bft (1—|—th]\4{1)6% Ry —1myg,
=F — Rk ’ : : ’
' {qt’tﬂ(s) | P ot T P * P Ry P
[ RY mes+ b3, (14 pPM)bM Ri—1m
- F 1 X t+1 1— 5 ks , s,t t+1/"Ys,t t s,t
t {q““(s) _<( e p TTRa T P "R B
R, —1m,
= Ei{q1(8)as i1} + th Pt’t'
Thus, the budget constraint can be rewritten as
Ry — 1m; _
Cst+ B {qiiv1(s)as i} + tR P’t =wss+ (1 —7) 1as,t-
t t
Note that A1) implies
R, — 1m,
Cst + th P;t = (14 K)cs . (AB)
Plugging @A6) into the budget constraint then yields
a57t = (1 — ﬁ)Et {qt7t+1(3)as’t+1} + (1 — '19)(]. + K)C&t — (1 — 19)&157t,
which can be solved forward to obtain
T—t—-1
asy = (1= N""E{qr(s)asr} + (1 —0) (1—D*E {qr(s) [(1 + K)esr — wer]}-
k=0
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Applying limits, imposing the transversality conditio®) (and re-indexing then implies

g =(1=0)> (1=9)""E {gr(s) [(1+ k)ear — war]} - (A7)

oo
T=t

Using the fact that” ~‘c, ; = ¢, 7(s)cs 7, (A7) reduces to

C1-B(1-9) | agy
N [1—19+

Cs,t

T+ n > (1=9)"E, {qth(s)ws,T}] : (A8)

T=t
which is identical to §) in the main text.

B.2 AGGREGATELAW OF MOTION FORCONSUMPTION Equation 6) in the main text implies

Cr=¢| A+ ) (1=0)""EA{QirOr}| . (A9)
T=t
Advancing A9) one period and multiplying byl — 9)Q; ++1 gives
(1 =N EL{Quu41C1} = ¢ [(1 — ) E{Quit1 4} + B Z (1 -9 HQirQr}| . (AL0)
T=t+1

Following a procedure similar to the individual case, thisra unique aggregate SDF that yields
the following intertemporal relationship for a portfoliattvrandom returrd, ; at timet + 1:

P’BY  PMBM M, R, — 1M,
—+ K, =FE A —.
2 + 2 + 2 + 1y Qe i1 Avr] + e
Thus, the aggregate budget constraint can be written as
Ry —1M
Cy+ E{Que1Ai} + d == Q + A (A11)
R, P
Imposing the aggregate counterpartALf, (All) is given by
(14+k)Cr+ E{Qrit1 A1} = + Ay,
which can be substituted inté9) to obtain
Cr=¢ (14 K)C + BfQun A} + Y (1=0)""B{QurQr} | - (A12)

T=t+1

Combining A10) and A12) implies

C,=¢(1+r)C+ E{Qui1 A} + (1 =) E{Qri11Cria } —E(1 — N E{Qres1 A1}
= {1+ K)Ct + VE{Qrit1Aei1 ] + (1 — 0) Ee{ Qre1Cria }-

Solving for aggregate consumption then yieldi6)(in the main text.

38



B.3 EQUILIBRIUM DEBT UNDER A FISCAL LIMIT  To solve for the equilibrium market value
of debt, first use the intertemporal equilibrium conditi¢84), att = 0 and the pre-fiscal limit tax
rule, 30), to write the initial market value of debt as

PM 4 0 = BE[Fh — Z2:] + BZBKEo[ﬁ'Hk — ZZ144]
k=1
= BEy[7t, — ZZy] + BE[PM + bM]
= B[V%(Péw + l;(])\/[) - ZEOZ1] +BE0[P1M + lA)iV‘[]

Then solve forP) + b} and iterate forward to obtain

T-1 T—1 5 k
. Eo[PM, +bM 1 — ZE, 7. Al13
1—&7) o[Pr_y + br_y] > - k (A13)

From @34), we can write the market value of debt at tiffie- 1 as

Pg“+z3§4:<

k=T
Imposing active fiscal policy after tinig, (A13) can be written as

R R 1 T-1 oo X T-1 B k ]
PM ) = — ( ) > BEZi+) . EoZy| Z.

1— By 1 — 7y

Substituting for expected transferB,(Z, = p*Z,) and updating by periods yields §7) in the
main text, which is a function of the monetary and fiscal potargets{ R*, 7, (b)*, 2*}.

APPENDIXC NUMERICAL ALGORITHM

Policy function iteration is implemented with the follovgmlgorithm:

1. Perform the following initializations:

e Define the parameters of the model according to their caébraaluestable 1) and
specify a convergence criterion for the policy functions/édue no greater thah x
107°). Set the variance of the transfers shagk, to4 x 107,

e Calculate the deterministic steady state of the model, itiondl on the initial policy
mix (Sp = 1752 = 1)

e Discretize the state space in a manner that ensures adegwatage over the simula-
tion horizon. The minimum state is given Wy, 1, bM,, K; 1, Zs, Sps, Sz}

2. Obtain initial conjectures for the policy functions, givby©; = { N, m;, K;, P, Qs 411}
One approach is to first solve the linear model under bothriti@li(AM/PF/AT) and debt
revaluation (PM/AT/AT) regimes usin§ims (2002 gensys algorithm. Then use these
linear solutions as initial guesses for the correspondieglfregime non-linear models, as-
suming there is no probability of hitting the fiscal limit. riilly, use weighted averages of
these non-linear solutions to obtain initial conjectu@sgach regime combination (3 policy
states and 2 transfers states form 6 combinations) of thehdedcribed irsection 2
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3. Given values for each node (points of the discretizect stpace), find the updated policy
functions that satisfy the equilibrium conditions of thedeb Using the original policy
function guess or the solution from the previous iteratfoat calculate updated (tintet 1)
values for each of the policy variables using piecewisealinaterpolation/extrapolation.
Then solve for the variables necessary to calculate exj@asaand apply numerical inte-
gration figure 18illustrates the range of outcomes that must to be consijlergdg the
Trapezoid rule outlined inJudd 1998 chap. 7). Using Chris Sims’ root findersol ve,
solve for the zeros of the equations with embedded expenttsubject to each of the re-
maining equilibrium conditions. The output o§ol ve. mon each node are policy values
that satisfy the equilibrium system of equations to a spetifolerance level. This set of
values characterizes the updated policy functions for éxt iteration.

4. If the maximum improvement for all policies over all nodeshe discretized state space is
less than the convergence criterion, then the policy fonsthave converged to their equilib-
rium values at all nodes. Otherwise, repeat &eing the updated policy functions as the
initial policy functions until convergence is achieved. ®hthe algorithm is running prop-
erly, the policy functions will monotonically converge toet specified tolerance level. To
provide evidence that the solution is locally unique, pdrtine converged policy functions
in several dimensions and check that the algorithm congdvgek to the same solutidh.

APPENDIXD DIFFERENTIATED CAPITAL AND LABOR TAX RATES

In the baseline model, identical tax rates are levied agaaystal and labor income. This section
grants the fiscal authority the flexibility to differentidietween these rates.

Figure 19describes how policy evolves. The economy begins in “notimeds” when the mon-
etary authority aggressively targets inflation (AM) andfibeal authority passively adjusts capital
(PKT) and labor (PNT) tax rates to stabilize debt and medstttionary) transfers commitments
(AT). Specifically, the monetary authority sets the shertyt nominal interest rate according to

_ o
R, — l?(ﬂt/w )%, forSp, € {1,2,3,5}, (AL4)
R, for Sp, = 4,
and the fiscal authority sets capital and labor tax ratesrdoupto
N N (b}, /(M)*)™ . for Sp, € {1, 3} (if the labor tax limit doesiot bind), (A15)
! THE, for Sp; € {2,4, 5} (if the labor tax limit binds),
and
K (b, /(6M)*)™ . for Sp, € {1,2} (if the capital tax limit doesiot bind); (A16)
! TEL, for Sp, € {3,4,5} (if the capital tax limit binds),

350ne concern is whether this solution method consistentigfs the transversality conditions, since it only
iterates on the policy functions and has no formal mechafasimposing these restrictions. As a safeguard, however,
| simulate the model for thousands of periods and checkthaverage asset levels (i.e. capital, bonds) are conviergen
Moreover, it is easy to show that simulated paths in models éhplicitly violate the transversality condition will
typically diverge even if the algorithm converges. Althbuthese exercises do not provide proof, they do provide
reasonable confidence that transversaility conditionsneate
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Figure 18: The range of outcomes accounted for during nwaldritegration (single tax rate).
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Figure 19: Possible evolution of monetary and fiscal polegimes with differentiated tax rates

where7® and7" are the steady state capital and labor tax r&t€sovernment transfers continue
to evolve according tol6). Once transfers begin to follow an explosive trajectogpital and
labor taxes steadily rise. As political resistance mouthies probabilities of capital and labor tax
rates hitting their respective fiscal limits rise according

eXp(?70 - (7} 1 TN))

N
[ (A17)
Pt L+ exp(ny — i (7Y, —7V))
and ( K K( K —K))
eXp 7] — 7] T, 1 — T
Prrs = R (A18)

1+ exp(n — nff (<, = 7K))

whereni andni > 0,4 € {K, N}, are the intercept and slope of the logistic functi®h his
setup adds a layer complexity to the evolution of fiscal gpkince capital and labor taxes can hit
their respective fiscal limits at different dates. The clabor] tax rate hits its limit prior to the
labor [capital] tax rate with probability;s; (1 — py;,) [Py (1 — pip,)]- Inthis event, the fiscal
authority continues to passively adjust the labor [capitad rate with the size of government debt.
As government debt continues to grow, opposition to thiggaluickly mounts and eventually the
labor [capital] tax rate hits its fiscal limit. Capital andbta tax rates reach their limits at the same
time with probabilitypf; ,-;, ,. Regardless of the timing, both tax rates eventually hit tiecal
limits and either monetary or fiscal policy adjusts as desctinsection 22

Figure 20shows how the transition pathsfigure 11change when capital and labor tax limits
bind at different dates. The possibility that the fiscal autly only has capital or labor taxes avail-
able as a debt financing mechanism prior to the fiscal limigiases the growth rate of government
debt. More rapidly rising debt increases tax rates, whicthér distorts capital and labor markets

36Following Leeper et al (2010), steady state capital andrlades are set t6 = 0.184 and 7 = 0.223.
When capital and labor taxes do not bind, the fiscal authoggponds to government debt with reaction coefficients
vk = 0.20 andvyy = 0.15. The post-fiscal limit capital and labor tax rates af¢’ = 0.225 and7L = 0.265.

3The logistic functions are calibrated so that there is a 2qu@rprobability of both tax rates hitting their limits
(14 percent probability of either rate hitting its limit) ihe deterministic steady state and a 5 percent probabilignw
7t = tf'L (22 percent probability of either rate hitting its limit) hieh is consistent with the baseline calibration.

38The expected duration of the debt revaluation and renegiigyes remains the sama{ = 0.9 andpss = 0.99).
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Figure 20: Responses to government transfers switchingtmeastationary pathy; = 2) in period 5, conditional on
active monetary/passive capital tax/passive labor téixtatransfers policy remaining in place even after the fikicat

is hit. Responses are distinguished by the specificatiompital and labor taxes. Reported values are in deviations
from the stochastic steady state.

and increases the probability of reaching the fiscal limheqpoint at whictbothcapital and labor
tax rates hit their limits. This has two primary implicatgrkirst, it creates a greater likelihood of
debt revaluation, which increases the inflation growth.o8dc it increases the weight that agents
place on the capital tax rate hitting its limit, which incsea the expected after-tax return on capital.
Once this effect dominates the effect of rising capital @es, investment steadily rises. Rising
aggregate supply reduces marginal costs and propelsanflati a downward trajectory.

Overall, the expectational effects of the fiscal limit aregmified and brought closer to the
present when capital and labor tax rates bind at differetetsda\lthough proportional taxes distort
capital and labor markets, these results make clear thaggrgctation that Congress is unwilling
to use both taxes to finance debt increases the negativeragoefiects of looming fiscal stress.

APPENDIXE PROBABILITY OF THE FISCAL LIMIT

The probability of reaching the fiscal limit is governed by tbgistic function specified inlQ).
Without being able to point to historical episodes to calibrthe intercepty,, or slope;;, of the
logistic function, it is worthwhile to examine how these aaeters affect the qualitative results.
Under the baseline calibration there is a 2% probabilityeathing the fiscal limit when = 7 and
a 5% probability whernr = 71'~. Figure 21shows how equilibrium outcomes are affected when
these probabilities change {0%, 4%}, {3%, 6%}, and{4%, 7%}, respectively.

Higher probabilities of reaching the fiscal limit are asst®il with greater inflationary pres-
sures due to the increased likelihood of moving to a regimere/ldebt becomes revalued. This
has two immediate effects. First, it forces nominal interates higher and drives up real debt,
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Figure 21: Responses to government transfers switchinghtanastationary pathyy = 2) in period 5, conditional
on active monetary/passive capital tax/passive laboatdixe transfers policy remaining in place even after theafis
limit is hit. Responses are distinguished by the probabidfthitting the fiscal limit. There is 1%, 2%, 3%, 4%}
probability of reaching the fiscal limit when = 7 and a{4%, 5%, 6%, 7%} probability whenr = 7L, The grey
line represents the post-fiscal limit tax rate. Reportedeshre in deviations from the stochastic steady state.

since the monetary authority aggressively targets infighioor to the fiscal limit. Second, when
agents are finitely lived, it causes a shift in real wealtimfrcurrent to future generations. Both of
these effects place additional downward pressure on imergtand labor supply, which leads to
more drastic reductions in aggregate supply.

As discussed in the main text, the expectation of lower téesrafter the fiscal limit increases
the after-tax return on capital, which reverses the trajées of the capital stock, output, and
inflation. With a greater prospect of reaching the fiscal lirthis expectational effect is much
stronger and quicker to take effect. Overall, a higher podl of hitting the fiscal limit increases
the volatility of aggregate outcomes—stagflation is mokee® but less persistent.

APPENDIXF ENDOGENOUSPOSTFISCAL LIMIT TAX RATE

In the baseline model, agents have perfect foresight oeepdist fiscal limit tax rater’*. This
simplifying assumption imposes the undesirable featuaettxes exogenously jump td'~ when
the economy hits the fiscal limit. A more reasonable apprasth setr’'* to the current tax rate
when the fiscal limit is actually hit. Since agents face utaety over the timing of the fiscal limit,
this approach forces agents to condition on a broad set ¢ffisoal limit tax rates.

Figure 22 shows how the counterfactual figure 11changes when agents face uncertainty
aboutrL 3 Whenr!'* is endogenous, agents no longer place positive probabilitaxes jump-
ing to the post-fiscal limit tax rate. Instead, when governnteansfers switch to a non-stationary
path, agents place positive probability on the fiscal linging hit when the tax rate is relatively

39| temporarily set the probability of death to zero to isoldie effect of adding uncertainty ovef ~.

44



Consumption Inflation (% point)

0.5 7
X4
P4
4
’
¢
’
0 —
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Capital Labor Hours Tax Rate (level)
e 1L Ex0geNOUS
5f| = = = 7L Endogenous
4
3
2
1

0 10 20 30 40 0 10 20 30 40 0

Figure 22: Responses to government transfers switchingtmeastationary pathy; = 2) in period 5, conditional on
active monetary/passive tax/active transfers policy ining in place even after the fiscal limit is hit. The probéhil
of death,?, is set to zero. Responses are distinguished by the treathéme post fiscal limit tax rate. Reported
values are in deviations from the stochastic steady state.

low. This lowers agents’ expected future tax burden anceaes incentives to invest. A relatively
higher capital stock increases aggregate supply and keftgsdnary pressures initially lower.

Investment depends on the expected present values of Icdapiteates. At each date this
present value is a number that comes from weighting all &utax rates by their probability. These
weighted tax rates are then discounted, with the heavissbdnt placed on the more distant
future periods. When the probability of the fiscal limit is @in only the discounting matters
because agents are expecting to remain in the passive tigy pegime for the relevant horizon
and switching to the fiscal limit occurs so far in the futuratttihe post-fiscal limit tax rate is heavily
discounted. As the probability of hitting the fiscal limitieases, agents believe it is more likely
that the tax rate will be fixed at its currefit— 1) level and, as a consequence, much higher future
rates get discounted by both the small probability of ndirfgtthe fiscal limit and by the discount
factor. Once agents beliefs about the fiscal limit dominagestffects of discounting, agents expect
a lower tax burden and investment tilts upward. Steadipgisnvestment eventually dominates
the falling labor supply, propelling output upward and reidg inflation. Thus, the qualitative
expectational effects of the fiscal limit are identical te ttase where” is exogenous.

Although the treatment of the post-fiscal limit tax rates mtatively alters the equilibrium
paths in the counterfactual, it has very little impact onrdogge of time paths that occur when sim-
ulating the model. Moreover, the degree of reneging anddihegk of inflation are nearly identi-
cal. This is because the average date that the fiscal limit, iarid therefore the average post-fiscal
limit tax rate, is consistent with the exogenously specipedt-fiscal limit tax rate. Considering
its computational simplicity, these findings make the hasedpecification very attractive.
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