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Abstract

How should governments deleverage public debt, and who gains or loses under alternative fiscal
packages? We study this question in a heterogeneous-agent general-equilibrium model with endoge-
nous assets, labour supply, and human-capital accumulation, calibrated to the pre-pandemic United
Kingdom. The government reduces the public-debt stock by an amount equal to 10 percent of ini-
tial output over 25 years. We compare front-loaded, linear, and back-loaded schedules; labour-tax,
returns-tax, and transfer closures; and four uses of the fiscal capacity created by lower debt service:
Government Spending, Fiscal Discipline, Additional Transfers, and Public Investment. Four results
stand out. First, we find a clear ranking among the fiscal instruments: labour taxation usually
creates the largest welfare losses, followed by transfer reductions, while returns taxation generates
the smallest losses. Second, among workers alive when the policy is announced, back-loaded paths
generally deliver higher mean welfare, but heterogeneity can create conflicts of interest that may
change this ranking. Third, endogenous human capital amplifies the cost of labour-tax consolida-
tion. Fourth, fiscal headroom is itself distributional; Fiscal Discipline protects households exposed
to the chosen closure instrument; Additional Transfers build support among low-asset households,
especially under returns-tax financing; and Public Investment creates broader productivity gains
and can make faster deleveraging politically attractive. Debt reduction should therefore be eval-
uated as a package combining the debt path, the fiscal instrument, and the allocation of fiscal

headroom.
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1 Introduction

Across many advanced economies public debt levels are at historic highs, following the
Global Financial Crisis and the Covid-19 pandemic. This leaves many governments with
limited fiscal space and large debt-service costs (International Monetary Fund, 2024;
OECD, 2025; Checherita-Westphal et al., 2024). If governments seek to rebuild fiscal
space, they need to decide how to consolidate and how to manage the macroeconomic
and distributional consequences of debt reduction.

This paper addresses the following question: how do the distributional consequences
of public-debt deleveraging depend on the consolidation schedule, the fiscal instrument,
and the use of fiscal headroom? We study this question using a heterogeneous-agent
general-equilibrium model with incomplete markets, endogenous financial assets and hu-
man capital, and idiosyncratic productivity. Our modelling framework allows us to study
the effects of fiscal consolidations along the distributions of wealth and human capital,
tracing the medium- and long-run consequences of different fiscal instruments.

Our quantitative exercise is calibrated to the pre-pandemic United Kingdom. From
the initial steady state, the government then reduces the debt stock by an amount equal to
10 percent of initial output over 25 years. We cross three debt consolidation paths—front-
loaded, linear, and back-loaded—with three budget-closing instruments: a labour income
tax, a tax on asset returns, and a reduction of direct transfers, as well as four uses of the
fiscal headroom created by lower debt service. The baseline assigns the projected debt-
service dividend to residual Government Spending. We then study three alternative uses
of the same projected fiscal capacity: Fiscal Discipline, which lets the dividend relax the
budget-closing instrument; Additional Transfers, which return it to households through
the transfer component; and Public Investment, which accumulates productive public
capital.

Our first finding is that labour-tax consolidation is especially costly when households
endogenously accumulate human capital. In the linear Government Spending transition,
the mean welfare loss among initial incumbents under labour taxation amounts to 1.030
percent of lifetime consumption in the benchmark model, compared with 0.727 percent in
a comparable model without endogenous human capital—about 42 percent larger. Models
that abstract from this margin are therefore likely to understate the transition cost of fiscal
consolidation, especially when adjustment operates through labour income taxation.

Our second finding is that alternative instruments can reduce aggregate costs, but only
by creating sharper distributional conflicts. Returns taxation is the least costly instrument
for many households because it preserves labour-supply and human-capital-accumulation
incentives. Its losses, however, are concentrated among high-wealth households. Transfers

adjustment removes much of the production-side distortion, but shifts the burden toward



low-asset and low-human-capital households, for whom public transfers are more impor-
tant and private buffers are limited. The choice of fiscal instrument therefore determines
not only the size of the welfare cost, but also which households bear it.

Our third finding is that the preferred timing of consolidation depends on whose welfare
is evaluated. Among initial incumbents, gradual consolidation generally delivers higher
mean welfare, but heterogeneity generates departures from this aggregate ranking. Earlier
work emphasises that delayed adjustment can be welfare-improving because it smooths
the transition. We show that this result depends on both the fiscal instrument and the
use of headroom. Under labour taxation and transfers adjustment, most households pre-
fer back-loading because it delays the main labour-market distortion or the withdrawal
of transfers. Under returns taxation, by contrast, low-asset households can prefer earlier
consolidation because they bear little of the asset-tax burden. This creates an additional
conflict over timing: under returns taxation, Additional Transfers and Public Investment
both shift household support toward front-loading, with 57.0 and 63.6 percent of house-
holds preferring the front-loaded path, respectively. Once future entrants are included in
the social-welfare criterion, the case for back-loading weakens further: at a social discount
factor of 0.96, the welfare-maximising package is front-loaded for three of the four uses of
headroom.

Our fourth finding is that the use of fiscal headroom is itself a central policy mar-
gin. Fiscal Discipline uses debt-service savings to relax the budget-clearing instrument.
Across instruments and timing paths, this lowers mean incumbent CEV losses by about
33-52 percent relative to the baseline, equivalent to gains of 0.11-0.66 percentage points
of lifetime consumption. But headroom also creates a new distributive conflict. Addi-
tional Transfers benefit low-asset and low-income households, especially when financed
by returns taxation. Public Investment changes the household support more broadly: by
raising productive public capital, it generates gains that reach a wider coalition of house-
holds and can make faster deleveraging more attractive, because faster debt reduction
brings forward the buildup of productive capacity.

Taken together, these results show that once wealth and human capital jointly shape
household exposure to fiscal policy, consolidation is not only a question of how much
adjustment is required, but also of which instrument is used, when the adjustment occurs,

and who captures the fiscal space created by lower debt service.

1.1 Related Literature

Our paper contributes to a range of distinct literatures. The first antecedent is the quan-
titative general-equilibrium literature that examines the transition costs and financing

choices associated with fiscal consolidation and lower public-debt targets. In a neoclassi-



cal general-equilibrium framework, Baxter and King (1993) show that the macroeconomic
effects of fiscal policy depend on its financing method and on the associated responses of
capital and labour, while Leeper et al. (2010) emphasise that the effects of public invest-
ment depend critically on implementation delays and on the anticipated fiscal adjustments
required to finance debt-funded spending. In open-economy and currency-union DSGE
models, Coenen et al. (2008), Almeida et al. (2013), and Erceg and Lindé (2013) analyse
permanent or gradual reductions in public-debt targets under alternative expenditure-
and revenue-based instruments, highlighting the trade-off between short-run adjustment
costs and longer-run gains from lower debt and reduced distortions. Finally, Sakkas and
Varthalitis (2021) show that consolidation can also have important distributional con-
sequences when households differ in skills and asset holdings, with transition dynamics
shaped by the interaction between debt reduction, capital accumulation, and wage in-
equality. Collectively, this literature establishes that the macroeconomic consequences
of deleveraging depend not only on the ultimate debt target, but also on the timing of
adjustment, the fiscal instrument used to implement it, and the financing mechanisms.

The second antecedent is the literature on public debt and fiscal policy in
heterogeneous-agent economies. Aiyagari and McGrattan (1998), Flodén (2001), Heath-
cote (2005), and Bassetto (2014) show how public debt and fiscal instruments affect
liquidity provision, crowding out, insurance, and redistribution when households face
uninsurable risk. Work on debt reduction, including Desbonnet and Weitzenblum (2012),
Rohrs and Winter (2017), and Romei (2015), shows that transition dynamics and political
feasibility are central for debt policy. Recent heterogeneous-agent fiscal-policy papers,
including Cahn et al. (2026) and Le Grand and Ragot (2025), continue this agenda,
and Auclert et al. (2025) provide a broader survey. We add to this work by separating
three components of a deleveraging package-the debt path, the fiscal instrument, and
the allocation of fiscal headroom—in an economy where households differ jointly in assets
and human capital.

The third set of related work is the human-capital and taxation literature. Ben-
Porath (1967) and Heckman et al. (1998) establish skill accumulation as an investment
margin, while Krebs (2003) and Huggett et al. (2011) show that human-capital risk and
heterogeneity shape saving and inequality. Guvenen et al. (2014) and Heathcote et al.
(2017) show that tax policy can change wage inequality and optimal tax design by altering
labour supply and skill investment. We add a public-debt transition to this mechanism.
In our model, a labour-tax consolidation not only reduces current labour supply; it also
lowers future productive capacity by discouraging human-capital accumulation.

Our analysis is also related to optimal-fiscal-policy models in which financial fric-
tions (e.g. Angeletos et al. (2023)), imperfect sovereign creditworthiness or debt-sensitive

sovereign borrowing costs (e.g. Aizenman et al. (2000), Philippopoulos et al. (2017)), and



labour-market frictions and associated wedges (e.g. Arseneau and Chugh (2012)), all of
which can challenge the tax-smoothing prescription Barro (1979). Unlike those studies,
we do not solve for an unrestricted Ramsey allocation. Instead, we welfare-rank alter-
native announced debt paths in a heterogeneous-agent economy. At the level of mean
incumbent welfare, gradual consolidation is generally preferred. However, heterogeneity
and the inclusion of future entrants both generate departures from this aggregate ranking.
The case for front-loading in our framework is therefore conditional on the fiscal package
and can arise either from distributional household support among incumbents or from
the weight a social planner places on future cohorts, rather than representing a general
rejection of tax smoothing.

The final antecedent is work on public investment, fiscal consolidation, and distribu-
tion. Leeper et al. (2010) show that government investment depends on financing and
timing while Economides et al. (2014) further show that the aggregate and distributional
effects of publicly financed goods depend on the mode of provision. Chatterjee et al.
(2017), Chatterjee et al. (2018), and Cozzi (2023) connect public debt to infrastructure,
welfare, and growth. Empirical work by Ball et al. (2013), Woo et al. (2013), Alesina et al.
(2017), Gonzélez Garcia (2025), Ando et al. (2025), Adler et al. (2024), and Frangiamore
et al. (2025) shows that consolidation effects vary with composition, initial conditions, and
distributional exposure. In addition, Bom and Ligthart (2014) provide evidence on the
output elasticity of public capital. We add a structural comparison of what happens to
the fiscal dividend from debt reduction: it can be absorbed by residual spending, used to
reduce fiscal pressure, returned through transfers, or invested in productive public capital.

The remainder of the paper is organised as follows. Sections 2 and 3 describe the
quantitative model and the initial calibration. Section 4 studies fixed-debt-path transi-
tions using Government Spending as the baseline use of debt-service savings. Section 5
considers Fiscal Discipline, Additional Transfers, and Public Investment as alternative
uses of fiscal capacity and summarises the resulting conflict of interest tradeoffs. Sec-

tion 6 concludes.

2 Stationary Model

The economy comprises a unit-mass continuum of households, indexed by i € [0, 1], each
represented by a prime-age worker aged 25-55. Time is discrete and annual. The current
worker supplies labour, consumes, saves, and invests in human capital. Households receive
labour income net of taxes and transfers and earn returns on financial assets supplied to
firms through competitive capital markets.

Human capital is a one-dimensional index of skills, experience, and other attributes

that raise general labour productivity. Because the model focuses on prime-age workers,



it abstracts from formal education choices and interprets human-capital accumulation
mainly as on-the-job skill acquisition, training, and related investments during working
life. Human capital is only partially retained from one year to the next: §j is the annual
retention rate, and 1 — Jj, is the implied depreciation rate.

Labour productivity depends on both human capital and an exogenous productivity
state. The exogenous state captures job-match quality and other idiosyncratic productiv-
ity components and evolves stochastically. Human capital is therefore risky: two workers
with the same human-capital stock can earn different labour income because they draw
different exogenous productivity states. Histories of these shocks, together with household
saving and investment choices, generate cross-sectional inequality in wealth, earnings, and
human capital.

Workers face a constant probability of leaving the labour force at the end of each
period.! When this event occurs, the worker derives warm-glow utility from the end-
of-period assets left behind and her individual value terminates. Each exit is followed
one-for-one by a new worker in the next period, keeping the population mass constant.
The entrant inherits those assets but begins a separate lifetime problem. Human capital is
not transferable: the entrant starts from a newborn level of human capital Apewborn rather
than inheriting the previous worker’s skills. The model therefore permits intergenerational
wealth transmission without dynastic preferences, while skill accumulation restarts with

each entrant.?

2.1 Workers’ preferences and constraints
Preferences are of the Greenwood—Hercowitz—Huffman (GHH) type in consumption and
o 1-o
(o= i)

U(Ct, lt) = 1o ) (1)

labour supply:

where o # 1 is the coefficient of relative risk aversion, 1 > 0 governs the disutility of
labour, and 6 > 0 determines the Frisch elasticity of labour supply. Consumption in
period t is denoted by ¢; > 0, and [; denotes labour supply.

Each worker maximises expected discounted utility over her remaining lifetime.® Be-

cause the exit shock is independent of the worker’s other risks, we can integrate it out

1To simplify computation, we do not specify a full life-cycle model and instead use a “hybrid” model
of stochastic exit and replacement; see, for example, Rios-Rull (1996).

2For contrasting quantitative treatments of intergenerational wealth transmission, see Hubmer et al.
(2021) and De Nardi (2004).

3We drop worker-specific subscripts for ease of exposition.



and write the objective as

Ey | ) [B01L = )] (ulcr bs) + Bwblar)) | (2)

where 5 € (0, 1) is the worker’s discount factor and @ € (0, 1) is the constant probability of
exiting at the end of each period. The factor [3(1 — w)]’ captures both time discounting
and the probability that the worker remains active through period t. If she exits, she
receives warm-glow utility from her end-of-period assets, b(a;).

The bequest motive is represented by the warm-glow function

Q¢ — Qmin

blar) = ¢p- (3)

ap + (a; — amin)’
where a; denotes end-of-period asset holdings, g > 0 governs bequest intensity, and
ap > 0 controls the bequest-satiation scale.

Households earn income from their asset holdings a;_; at the risk-free interest rate
ry, as well as from supplying labour services to firms. Labour earnings depend on hours
worked, the wage rate w;, and individual labour productivity n;, described in detail in
the next subsection.

Labour income is subject to a progressive tax system combined with a flat transfer.
Net labour income is defined following Heathcote et al. (2017) as an isoelastic mapping

of gross earnings, augmented by a lump-sum transfer:
ye =11 (lnewy)' ™™ + 7o, (4)

where 71 > 0 determines the average level of taxation, 7 € (0, 1) governs the progressivity
of the tax system, and 75 > 0 denotes a flat transfer received by all households. When
79 = 0, the tax system collapses to a flat tax rate of 1 — 7y, while higher values of 75 imply
greater redistribution from high-earning to low-earning households. The flat transfer 7,
captures redistribution through cash transfers and social benefits without directly affecting
marginal tax rates.

The household’s budget constraint is
e+ ap + 1y = Ry(ar—1)ae—1 + ys, (5)
where the gross return on current liquid assets is

1471 —7,) ifa>0,
Ry(a) e ( T.t) ifa ©)

1+ 7, + rPen if a < 0.



Here a; € [amin,0) denotes end-of-period asset holdings, 7, is a proportional tax on
positive asset income, and rP“" is the additional borrowing rate applied to debt. In the
stationary baseline, the natural borrowing limit is apy, = —79/(r + rP°*).* The variable

x; > 0 represents investment in human capital.

2.2 Human capital accumulation

Workers accumulate human capital by investing in a human-capital good x;, whose price
is normalised to one. This good captures resources devoted to skill acquisition rather
than pleasurable consumption: training, certification, mentoring, networking, or other
activities that raise future productivity.® The model has no explicit time budget, but
x; can also be interpreted as foregone earnings or employer-provided training costs that
reduce current disposable resources while raising future human capital.

Human-capital accumulation is governed by the following law of motion, a modified
version of the standard equation used in the literature (Ben-Porath, 1967; Heckman et al.,
1998; Krebs, 2003):

hy = dnhi—1 + xf, (7)

where 1— ¢, is the implied depreciation rate of human capital. The parameters y > 0 and
v € (0,1) govern the transformation of the investment good x; into human capital. For
the numerical solution, human capital is represented on a compact grid, hy € [hmin, Pmax),
whose upper bound is chosen large enough not to bind in the calibrated equilibrium. The
grid includes a small buffer below the newborn reset point Apewbom, as described in Ap-
pendix B; neither numerical boundary is active in the calibrated stationary distribution.
The stochastic exit shock and associated reset of human capital at replacement also help
keep the problem bounded; see also Kuhn (2013) for a discussion of permanent income
shocks.

2.3 Labour productivity

Labour productivity depends on two factors: (i) the worker’s beginning-of-period stock
of human capital h;_; and (ii) an exogenous component capturing how productive that
human capital is in the current job (e.g. industry and occupation). These factors are

summarised by the random variable e;. Combining them, a worker’s effective labour

4In principle, labour income can approach zero. However, because households receive the flat transfer
70, the relevant income floor is positive, implying a well-defined borrowing limit with @iy, < 0. The
transition exercises retain the baseline numerical lower bound as policy instruments and prices vary.
While assets are theoretically unbounded above, the numerical implementation uses a finite asset grid
with an upper bound chosen sufficiently large that it is never binding.

SWe abstract from expenditures that may be both pleasurable consumption and skill-improving in-
vestment.



supply is given by
ny = e - log(1 + hy_q), (8)

where e; > 0 is the exogenous productivity state. The functional form g(h:—1) = log(1 +
hi_1) provides an increasing and concave mapping from raw human capital into labour
services.® Exogenous productivity therefore does not exclusively determine labour earn-
ings, but instead interacts with human capital (Guvenen et al., 2014). This distinguishes
the model from frameworks in which human capital is the sole driver of labour income
(Krebs, 2003; Huggett et al., 2011).

Exogenous productivity follows an AR(1) process in logs:

log(ei1) = plog(er) + €441, (9)

with g, ~ N(0,02) and |p| < 1. This specification is standard in heterogeneous-agent
incomplete-markets models and ensures that e; follows a stationary process with an er-
godic distribution. New entrants draw exogenous productivity from its stationary active-

worker distribution and start at hyewborn 0N the human-capital grid.

2.4 Government budget

The government redistributes income via the tax and transfers system defined above.
Beyond this function, the government issues one-period bonds By, pays interest at rate
r¢, undertakes productive public investment I, and finances non-productive government
spending G;. Let T, denote net government revenues from the tax-and-transfer system,
including the transfer component in (4) and any tax on asset returns. Its period budget
constraint is

Ty + B =G+ 1,1+ (14 r)Bi. (10)

Public capital evolves according to

Kg,t = (1 - Cg)Kgat—l + Ig,tv (11)

where (, is the depreciation rate of public capital.

2.5 Aggregate quantities and market clearing

A representative firm rents private capital and labour services in competitive factor

markets. Productive public capital enters the aggregate technology as a total-factor-

6Most studies in labour economics consider logged earnings (or earnings residuals) as their object of
interest, making this a reasonable choice; see, for example, Mincer (1974). Adding 1 is a rescaling that
ensures labour earnings cannot be negative.



productivity term. Aggregate output is produced using a Cobb—Douglas technology:
Y = ZKg L, (12)
where a € (0,1) is the capital share. Economy-wide productivity depends on inherited

bg
7, = (%) ’ (13)
g

where ¢, > 0 is the output elasticity with respect to public capital and § > 0 is a

public capital according to

normalisation parameter. Private capital depreciates at the constant rate ¢, € (0, 1).

We consider a small open economy in which the interest rate is determined by a
markup over the world interest rate 7. The model variable N F'A; is liabilities-positive: it
measures the part of domestic capital and public debt not financed by domestic household

assets. A higher value therefore corresponds to a larger net external borrowing position

re =T+, (exp <N€:At) - 1) . (14)

The firm’s optimality conditions imply that the capital-labour ratio satisfies

1
K _ ( aZy )M (15)
Lt T + Cp 7

which in turn implies the wage rate

wy = (1 —a)Z, (KLT)CY (16)

and raises the spread:

2.6 Stationary equilibrium

The economy is initially in a stationary equilibrium. Individual households continue to
move across asset, human-capital, and productivity states, but the cross-sectional distri-
bution is invariant and aggregate variables are constant. In this equilibrium K; = K,
L = Ly, Gy = G, Kgp = Ky, and By = B, while public investment satisfies
I, s = (4K, 5. Factor prices, value functions, and policy functions are therefore time-
invariant. The stationary equilibrium is a recursive competitive equilibrium with market
clearing and a balanced government budget. Appendix E describes the household solution,
and Appendix F.1 derives the asset-market condition.

Specifically, the stationary equilibrium of the model economy is defined as follows:

1. The representative firm solves its profit maximization problem, and fac-

tor prices equal their respective marginal products, with Z,, = (%) g,
g



Wss = (1 — Ol)Zss <fs§j> y T'ss = T+ wr (eXp (_N}F/i55> — 1) .

2. Given wys and 7, households solve the stationary problem, giving rise to a station-

ary distribution .

3. Capital and labour markets clear, Lgs = [ n;l;dA\ss(i), Ko + Bss = [ a;dAss(i) +
NFA,.

4. The government’s budget clears, Ty = [ [wssnili — Yi + Ta s575s max{a;, 0}] ds, (i) =
Gss + [g,ss + rssBss; with [g,ss = CgKg,ss-

We solve the household’s problem using dynamic programming. For this purpose, the

household’s problem can be written in recursive form:

V(as_1,hi—1,6;) = max {u(ct,lt)
{ct,at,z¢,lt }

(17)
+ BE[(1 — @)V (at, by, ery1) + wb(ay) | €] }

st. A ar+ 1 = Rog(a—1)a—1 +
hy = dphy—y + xz!

Yy = T1 (ltntwss)l_T2 + 7o

1+6

Ct—¢1t+9>07 htZO, Ay = Qin, thO, [y > 0.

Here Ry is the stationary counterpart of the gross-return schedule in equation (6).

The main computational difficulty is the presence of human capital as a second en-
dogenous state variable. T'wo-state household problems are now common in quantitative
macroeconomics, but they often involve liquid and illiquid financial assets (Kaplan et al.,
2014, 2018). Human capital is different: households can augment it but cannot sell it, so
the adjustment margins are asymmetric (see also Angelopoulos et al., 2021).

We solve the household problem using a modified two-state endogenous-gridpoint al-
gorithm based on Auclert et al. (2021). The key observation is that the human-capital
technology generates a convex adjustment-cost structure, which allows us to adapt their
approach; Appendix E provides the details.

The main outcomes of interest are the value function V (a;_1, hi—1,€;) and the pol-
icy functions for assets, consumption, labour supply, and human-capital investment,
denoted by g* (atflahtflaet)a g° (@tfhhtflyet); gl (@tfbhtflyet); gh (atflahtfhet)a and
g (a1, hi—1, ), respectively. Together with the productivity transition and the exit-

and-replacement probabilities, these policies define a transition operator A®* that maps

10



current states into next-period states. The stationary distribution associated with A*® is
denoted by ;.
We compute the stationary distribution of endogenous and exogenous variables using
a non-stochastic simulation (histogram) method (Heer and MauBner, 2009; Young, 2010;
Angelopoulos et al., 2021). We begin by constructing a histogram over the joint state
space, A(a, h,e) > 0, with total probability mass one. We then define an approximation
A to the transition operator using linear interpolation to map next-period states that
fall between grid points back onto the grid (for related details with two endogenous states
Angelopoulos et al., 2021). Initialising A\g with uniform mass, we update the distribution
according to
Ans1 = A A% (18)

We continue updating A,, until the difference between successive histograms falls below
a pre-specified convergence criterion. The next section describes the calibration procedure

and shows that the model reproduces key features of the UK economy prior to Covid-19.

3 Calibration

We calibrate the baseline version of the model to the United Kingdom economy around
2019. The calibration has three blocks. First, a set of preference, technology, fiscal,
and demographic parameters is fixed outside the estimation loop at standard values or
normalisations. This block includes the discount factor 5 = 0.96, the capital share o =
0.30, utility curvature o = 1.5, Frisch elasticity % = 0.5, the annual exit probability
w = 1/30, an initial steady-state interest rate of 3 percent, and the initial government
debt ratio B/Y = 0.8. The values ¢ = 1.5 and a Frisch elasticity of 0.5 are in line with
standard heterogeneous-agent macro calibrations and with the micro-to-macro labour-
supply evidence surveyed by Chetty et al. (2011) and used in quantitative models such
as Kaplan et al. (2018). Given « and the initial interest-rate target, private capital
depreciation is pinned down internally to match K/Y = 2.3.

The public-capital block is mostly a normalisation in the initial steady state, but it
governs the counterfactual in which fiscal capacity is invested productively. We set initial
productive public investment to I,/Y = 0.05, close to recent UK public-sector gross
investment relative to GDP in HM Treasury fiscal data (HM Treasury, 2023), and set
public-capital depreciation to ¢, = 0.075, a standard annual benchmark in quantitative
public-investment models (Leeper et al., 2010; Chatterjee et al., 2018). These values
imply K ss/Yss = 0.667. The public-capital output elasticity is ¢, = 0.135. This value
follows from a recent OBR estimate that a sustained additional 1 percent of GDP in

public investment raises long-run potential output by about 2.5 percent (Office for Budget
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Responsibility, 2024)." We normalise §g = Ky, 50 Zgg = 1 in the initial steady state.
The elasticity ¢, therefore affects only the productivity response to changes in public

capital, not the initial level of productivity.

Table 1: Baseline calibration summary

Category Object Value Notes

Preferences Discount factor 0.960 Fixed annual value

Preferences Utility curvature o 1.500 Fixed preference value

Preferences Labour-supply curvature #  2.000 Fixed Frisch-curvature value

Technology Capital share « 0.300 Fixed production value

Technology Private depreciation ¢ 0.100 Pinned down by the K/Y target

External sector Initial steady-state interest 0.030 Imposed initial steady-state rate
rate g

External sector NFA spread elasticity .. 0.007 Debt-spread estimate of Konya and

Maduko (2020), rounded from 0.0074

Human capital Scale x 0.699 Internally calibrated

Human capital Curvature v 0.461 Internally calibrated

Human capital Retention 4y, 0.961 Disciplined by the late-career

earnings profile

Human capital Newborn reset hnewborn 0.433 Internally calibrated

Earnings process  Persistence p 0.740 Internally calibrated

Earnings process Innovation scale o 0.219 Internally calibrated

Labour supply Disutility scale ¢ 1.712 Internally calibrated

Borrowing Penalty /wedge rPe" 0.124 Internally calibrated

Bequests Satiation scale ap 29.814 Internally calibrated

Bequests Intensity ¢p 92.495 Internally calibrated

Fiscal Labour tax level 7 0.739 Disciplined by the tax schedule

Fiscal Tax progressivity 7o 0.200 Fixed policy value

Fiscal Transfers 7 0.065 Disciplined by average transfers

Fiscal Initial debt ratio B/Y 0.800 Initial fiscal target

Public capital Public investment share 0.050 Initial public-investment target
I,)Y

Public capital Public capital depreciation 0.075 Fixed annual depreciation
0g

Public capital Output elasticity ¢, 0.135 OBR-implied scenario value

Notes: Values are annual where applicable.

Second, several policy and empirical objects are disciplined directly by data. The

annual human-capital retention rate is estimated from Understanding Society using a

"With (g = 0.075, increasing I,/Y from 0.05 to 0.06 raises the steady-state public-capital ratio from
0.667 to 0.800, so (1.20)%s — 1 ~ 0.025 implies ¢, ~ 0.135.

12



flat-spot regression on older full-time workers, which provides the estimate ¢, = 0.961.
The tax-and-transfer system follows the Heathcote et al. (2017) reduced-form schedule in
(4). In the quantitative baseline, we set 7 = 0.2, choose 77 = 0.739 to match the average
tax rate in the data, and set 7y = 0.065 to match average transfers.

Third, we estimate the remaining household-side parameters to match nine sta-
tionary moments. These parameters are the human-capital accumulation parameters
(X, 7, Pnewborn);  the earnings-process parameters (p,o.); disutility of labour ; the
borrowing wedge 7P*"; and the bequest parameters (¢p,ap). The targets span effective
labour, residualised earnings shares, hours, wealth accumulation, liquidity, and wealth
concentration.

For a candidate parameter vector 1, we solve the stationary equilibrium, compute the
model-implied moment vector M™°4(49), and choose 9 to minimise the sum of squared
target-scaled moment gaps using a nonlinear optimisation routine. Table 1 reports the
resulting parameter values; Appendix B reports the target fit in Table B1 and describes

the empirical inputs and numerical diagnostics.
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3.1 Stationary Distribution and Summary Statistics

Figure 1: Weighted stationary distributions.
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Note: Distributions of key household outcomes in the calibrated steady state. Each panel reports a
kernel density over the central 99 percent of weighted mass. Dashed lines denote medians and solid

lines denote means.

Figure 1 and Table 2 summarise the stationary distribution implied by the calibrated
model. The figure reports weighted kernel densities for asset holdings, human capital,
human-capital investment, gross earnings, consumption, and hours, while the table reports
a common set of average and distributional statistics for these outcomes together with
net earnings. The figure makes the main cross-sectional patterns visually clear. Asset
holdings are strongly right-skewed, with a long upper tail and a substantial gap between
the mean and the median. Gross earnings are also right-skewed, but their density is much
tighter than that of wealth. By contrast, consumption and hours are concentrated in

relatively narrow ranges, with much smaller mean-median gaps, which is consistent with
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Table 2: Initial steady-state distribution summary

Variable Mean pl0 p50 p90 p99  Gini

Financial assets 4.143 -0.088 1.402 12.298 34.133 0.711
Human capital 2.892 1.029 3.046 4.407 4.609 0.238
HC investment 0.068 0.037 0.059 0.114 0.194 0.256
Gross earnings  1.000 0.328 0.893 1.725 3.044 0.330
Net earnings 0.783 0.368 0.740 1.208 1.866 0.249
Consumption 0.836 0.411 0.830 1.224 1.831 0.217
Hours 0.675 0.521 0.681 0.811 0.944 0.098

Notes: Statistics are weighted by the initial stationary. The asset
Gini is computed from raw asset positions, including debt.

the insurance role of assets and the comparatively smooth labour-supply margin in the
stationary equilibrium.

The figure also shows that human capital is dispersed: its density is single-peaked and
much less stretched than the asset distribution. Human-capital investment has a visibly
longer upper tail than the stock of human capital itself, although the two distributions
are much closer by the Gini coefficient. Table 2 reports a Gini coefficient of 0.238 for
human capital and 0.256 for human-capital investment, compared with 0.711 for financial
assets. The longer investment tail is consistent with the model’s convex investment cost
and the stronger concentration of resources at the top of the asset distribution. Overall,
the combination of a highly skewed wealth distribution and a more moderate distribution
of earnings, human capital, consumption, and hours is the central cross-sectional feature

that the calibrated stationary model is designed to reproduce.

4 Debt Deleveraging

Many advanced economies entered the post-pandemic period with debt burdens that were
already elevated by the Global Financial Crisis and were then pushed higher again by the
Covid-19 shock (International Monetary Fund, 2024; OECD, 2025; Checherita-Westphal
et al., 2024). This has revived concerns about fiscal sustainability, but also about fiscal
preparedness: governments facing higher debt-service costs have less room to respond
to future recessions and less scope to accommodate new structural spending needs, in-
cluding defence, demographic transitions, and other long-run public commitments. These
concerns naturally shift the policy discussion from whether fiscal space matters to how
it should be rebuilt. In the rest of the paper we consider the case of a large reduction
in public debt aimed at increasing fiscal headroom and improving public finances. We
analyse the effects of different fiscal instruments to finance the deleveraging, different

consolidation trajectories and alternate uses of the gained fiscal headroom.
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In short, the government chooses a path for the public-debt stock and then selects a
fiscal instrument path that implements it, taking into account the effect that this has on
prices and household decisions. The exercise is close in spirit to the transition analysis
of Réhrs and Winter (2017), who show that the timing of debt reduction matters in an
incomplete-markets economy with inequality. We depart from their implementation in
two important ways. First, we compare alternative fiscal instruments rather than a single
composite. Second, we allow for different uses of the additional fiscal headroom generated
by the debt reduction. The results of our analysis show that the distinction matters both

qualitatively and quantitatively.

4.1 Lower-Debt Steady States

For all our experiments, we assume that the government aims to reduce the public-debt
stock by an amount equal to 10 percent of initial output, equivalent to a 10-percentage-
point reduction in the initial debt-to-output ratio when measured at initial output. Be-
cause the model is solved in levels, all scenarios use the same terminal debt stock rather
than mechanically imposing the same terminal debt-to-output ratio.® A lower level of
public debt changes the final equilibrium in two distinct ways. First, lower government
borrowing reduces the total demand for savings and the interest rate, encouraging a higher
level of privately employed capital and thereby raising output and wages. Second, lower
debt service gives the government additional resources that can finance general expendi-
ture, public investment, or household transfers. We refer to these cases as Government
Spending, Public Investment, and Additional Transfers, respectively. Appendix Table D1
reports the initial steady state and the three distinct lower-debt steady states used in the
quantitative exercises.

In the remainder of this section we focus on the base case of additional government
spending, meaning that the government spends all savings associated with the lower debt
along the transition path, and in final equilibrium. This is the natural starting point for
the fiscal-capacity analysis: the interest saving from lower debt is visible in the budget, but
is spent in a way that does not distort the incentives of the households. In the following
section we will then extend the analysis to cover alternative uses of fiscal headroom.

The second column of Table D1 shows the lower-debt allocation at the Government
Spending baseline. Debt falls from B = 1.143 to B = 1.000, while output is essentially
unchanged, moving from Y = 1.428 to Y = 1.429. The realised debt ratio is therefore
B/Y = 0.700. The equilibrium interest rate falls only slightly, from 0.0300 to 0.0299, and

the main fiscal accounting change is that residual government spending rises from 0.111

8We assume a fixed path for the debt level rather than the debt-to-output ratio because the strong
response of output under some fiscal instruments makes certain debt-to-output paths infeasible. This
distinction matters once the use of fiscal space changes output.
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to 0.116 in the terminal steady state. The other two columns preview the Additional
Transfers and Public Investment cases analysed in Section 5. When the same debt-level
reduction is invested in productive public capital, output rises to 1.462, public capital
rises from 0.952 to 1.009, and productivity rises by 0.8 percent. Because output is higher,
the same terminal debt level implies a lower realised debt ratio, B/Y = 0.684. When the
fiscal capacity is allocated to transfers, the lump-sum transfer rises from 0.065 to 0.069

and the realised debt ratio is B/Y = 0.698.°

4.2 Fixed Debt-Path Transition Experiments

At time ¢t = 0, the government announces a permanent deleveraging plan aiming to reduce
public debt by 10% of initial output over a 25-year horizon. Households perfectly foresee
the resulting transition path. The full transition is solved over a long finite horizon with
terminal conditions pinned down by the relevant lower-debt steady state. The policy

object is an announced debt-level path {B;}L . Let
vy = min{t/25,1} (19)

be the fraction of the policy window that has elapsed. The three timing cases are defined
by progress functions p(v;) that map elapsed time into the fraction of total debt reduction

completed:
pF(U) =1-(1- U)3, pL(U) =, pB(U) =3, (20)

where F' denotes front-loading, L a linear path, and B back-loading of the debt reduction.
The debt-level path is then

B, = By — p(v,)(By — BY). (21)

After year 25 the public-debt level is held at B* while the rest of the economy continues

to converge. '’

9These terminal differences mean that the following fiscal-capacity allocations should be read primarily
as matched transition experiments, not as a single ranking over identical terminal economies.

10The budget-clearing instrument remains endogenous through year 150. From year 151 onwards it
is fixed at its terminal steady-state value and residual government spending G; absorbs the remaining
budget adjustment.
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Figure 2: Government Spending baseline: debt and instrument paths.
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Note: The public-debt subplot shows the fixed public-debt paths, while the remaining subplots show
the budget-clearing instrument paths under the labour income tax, returns tax, and transfers closures.

The vertical dotted line marks year 25, the end of the debt-adjustment window.

At the same time, the government announces how it will allocate the projected fiscal
headroom. Let H; denote the level of projected debt-service savings available in period ¢,
measured relative to the initial fiscal allocation. We assume that this component follows

progress along the announced debt path, valued at the initial steady-state interest rate:
Hy=ro (By— By), t>0. (22)

This rule captures a government that commits an ex-ante projection of the interest savings
rather than conditioning the allocation on the realised interest-rate path.!!

To achieve the transition, the government selects one out of the available fiscal instru-
ments, namely general labour taxation 7, transfers 7y or taxes on returns to assets 7.
These three instruments span the main incidence margins of the model: labour earnings
and human-capital accumulation incentives, asset-return income and wealth, and dispos-

able resources for households reliant on transfers. For a given fiscal instrument ¢;, the

' This may approximate a setting in which the government cannot perfectly forecast the interest-rate
path, or in which budget rules limit subsequent flexibility. It also reduces the complexity of the dynamic
problem.
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government chooses one value of ¢; in each period so that the government budget clears

along the announced debt path,
Ri(q, A, Pe) + By =G, + (1+ Tt)Bt—h t>0, (23)

where B_; = By, )\ is the household distribution, P, collects equilibrium prices and
aggregate quantities, G; denotes government purchases and public investment, and R,
denotes net fiscal revenues, including taxes and transfers. Under Government Spending,
H,; raises Gy; under Additional Transfers, it raises 7 and therefore lowers net revenues;
under Public Investment, it raises I, ;; and under Fiscal Discipline, it is left unallocated so
that the budget-clearing instrument moves by less. In every case, the debt path is fixed,
one fiscal instrument clears the budget, and household and firm decisions are consistent
with the implemented path.

As our baseline, we assume for simplicity that the government increases G, in line
with available headroom, which captures government spending that is outside household
utility and private-sector productivity. It can be interpreted as public consumption or
other commitments not modelled explicitly, such as defence spending. This convention
keeps the debt-service savings inside the government-spending component of the budget
while the remaining budget pressure is met by one of the three fiscal instruments.

Figure 2 shows the fixed debt paths and the instrument paths in this baseline. The
public debt panel confirms that all timing cases reach the same debt level by year 25. The
other panels show the fiscal effort needed to implement the path of publicly held debt.
Front-loaded consolidations require large early movements; back-loaded consolidations
postpone the adjustment but create large instrument movements near the end of the

policy window, especially under the labour-income-tax and returns-tax closures.

4.3 Aggregate Transition Dynamics

Figure 3 reports the headline macroeconomic transitions under the Government Spending
baseline. The labour-income-tax row is the most contractionary for output, consumption,
human capital, and labour supply. These outcomes, together with assets, fall below
their initial steady-state levels around the main adjustment. Labour supply subsequently
rebounds and can rise above baseline as households respond to lower resources. Front-
loading produces an earlier downturn, while back-loading postpones the main recession
until the end of the policy window. This distinction is important: back-loading changes
the timing of the pain, but it does not remove it.

The returns-tax row looks very different. Output and labour supply remain close
to their initial levels over most of the transition. The main aggregate cost is visible in

assets and, to a lesser extent, consumption. This is consistent with the instrument’s inci-
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dence: returns taxation shifts the burden toward asset holders without directly reducing

the after-tax return to work or the resources generated by labour income. The transfers

row provides a third case. Output and labour supply are comparatively stable, but con-

sumption and assets fall because the instrument directly reduces disposable resources and

households smooth the transfer reduction.
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Figure 3: Government Spending baseline: aggregate transitions.
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Table 3: Macroeconomic transition losses: Govern-
ment Spending

Output Trough Cumulative losses, years 0-25

Timing trough  year Y C H X A N

Panel A: Labour tax

Front-loaded -1.38 3 24.15 36.43 13.82 47.40 59.62 0.15
Linear -1.11 25 21.42 29.83 11.77 47.08 33.82 11.25
Back-loaded  -2.26 25 18.55 23.30 9.18 46.01 10.91 21.10

Panel B: Returns tax

Front-loaded -0.06 32 0.33 10.78 0.16 3.97 70.69 0.21
Linear -0.10 39 0.25 6.54 0.00 1.34 54.06 0.02
Back-loaded  -0.14 42 0.48 3.35 0.00 1.21 35.81 0.02

Panel C: Transfers

Front-loaded -0.05 15 0.82 15.13 3.91 12.59 40.44 2.67
Linear 0.00 0 0.00 11.00 1.38 6.17 23.25 0.72
Back-loaded ~ 0.00 0 0.00 7.20 0.15 4.18 7.59 0.08

Notes: Series are percentage deviations from year

0. For each reported series p, cumulative loss is

fio max{—Ap;, 0} and is measured in percentage-point-

years. Y is output, C' mean consumption, H mean human
capital, X mean human-capital investment, A mean finan-

cial assets, and N effective labour supply.

Table 3 compresses the policy-window dynamics into trough and cumulative-loss mea-
sures. Under labour-income-tax closure, the linear path generates a cumulative output
loss of 21.42 percentage-point-years over years 0-25. Back-loading lowers this measure to
18.55 percentage-point-years, but produces a deeper output trough of 2.26 percent in year
25. Under returns taxation, output losses are negligible, while they remain small under

transfers closure; the relevant aggregate costs appear mainly in assets and consumption.

4.4 Distributional Dynamics

Figure 4 reports the evolution of inequality in the baseline. The asset-Gini panels show
that the timing of consolidation affects the distribution of wealth, especially under labour-
income-tax closure. Front-loaded labour-tax consolidation raises asset inequality earlier,
while back-loading shifts the increase toward the end of the policy window. Consumption
inequality follows a similar but more muted pattern. Under returns taxation, timing ef-
fects on the Gini series are more muted, even though the welfare incidence below is sharply
polarised because the burden falls on asset-return income. Under transfers adjustment,
both asset and consumption inequality rise during the consolidation window, with the
larger absolute movement occurring in the asset Gini. The increase in consumption in-

equality reflects the direct withdrawal of common disposable resources.
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Figure 4: Government Spending baseline: distributional dynamics.
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Note: Rows correspond to the three fiscal instruments and columns to asset, consumption, human-

capital, and pre-tax earnings Gini coefficients. The vertical dotted line marks year 25.

4.5 Welfare and Incidence

We evaluate welfare using a state-by-state consumption-equivalent variation (CEV) mea-
sure. Let s = (a, h,e) denote an initial household state and let V™ (s) denote the value
of living through a given transition. To construct the comparison value V°(s; v), we scale
consumption under the initial steady-state policy by 1 + v while holding the baseline

policy functions and their induced state transition fixed. The state-specific CEV solves
Vo(siv(s)) = V"(s). (24)

The mean incumbent welfare statistic is the initial-distribution-weighted mean of these

state-level objects,

7= 3 wnl(s)s) (25)

where wy(s) denotes the initial stationary distribution on the state space. Thus v is
measured as a proportional change in baseline consumption: positive values indicate that
the transition is preferred to remaining in the initial steady state, and negative values

indicate welfare losses.

22



Table 4: Welfare, preferences, and incidence: Government Spending

CEV Preferred share Initial assets Initial HC

Rel. >0 Pref. Pref. Bottom Top Bottom Top
Mean disp. share policy timing 10% 10% A 10% 10% A

Panel A: Labour tax

Front-loaded -1.509 0.158 0.0 0.2 0.0 -1.825 -1.159 0.666 -1.420 -1.430 -0.010
Linear -1.030 0.098 0.0 0.0 0.0 -1.140 -0.852 0.288 -0.991 -0.984 0.006
Back-loaded -0.609 0.044 0.0 0.0 100.0 -0.576 -0.565 0.011 -0.594 -0.594 -0.001

Panel B: Returns taz

Front-loaded -0.617 1.201 0.0 71.2 30.8 -0.032 -2.358 -2.326 -0.477 -1.429 -0.952
Linear -0.436 1.118 0.0 70.1 0.3 -0.048 -1.584 -1.536 -0.310 -0.989 -0.679
Back-loaded -0.278 0.976 0.0 66.9 68.9 -0.058 -0.919 -0.861 -0.175 -0.602 -0.427

Panel C: Transfers

Front-loaded -1.041 0.456 0.0 28.6 0.0 -1.995 -0.721 1.273 -1.717 -0.726 0.991
Linear -0.641 0.331 0.0 29.9 0.0 -1.058 -0.496 0.562 -0.960 -0.489 0.470
Back-loaded -0.311 0.101 0.0 33.1 100.0 -0.353 -0.295 0.059 -0.368 -0.280 0.088

Notes: CEVs are reported as percentages of baseline consumption. Relative dis-
persion is the weighted standard deviation of state-level CEV divided by the abso-
lute weighted mean CEV. CEV > 0 share, preferred policy, and preferred timing
are percentages. Preferred policy is the weighted share of households for whom the
fiscal instrument gives the highest CEV among the three instruments, holding the
timing path fixed. Preferred timing is the weighted share of households for whom
the timing path gives the highest CEV among the three timing paths, holding the
fiscal instrument fixed. Bottom and top 10% columns report weighted mean CEVs
for households in the corresponding deciles of the initial asset or human-capital
distribution. The A column is the top-decile mean CEV minus the bottom-decile

mean CEV and is measured in percentage points.

Table 4 summarises the welfare implications of the Government Spending baseline
for initial incumbents. Under the linear debt path, mean incumbent CEV is —1.030
percent under the labour income tax, —0.436 percent under returns taxation, and —0.641
percent under transfers adjustment. The instrument ranking is therefore clear in the
baseline case: returns taxation has the smallest mean incumbent welfare loss, transfers are
intermediate, and the labour income tax is the most costly. Back-loading improves mean
incumbent welfare within all three instruments. Moving from the linear labour-tax path
to the linear returns-tax path improves mean incumbent CEV by 0.594 percentage points,
while moving from front-loading to back-loading within returns taxation improves mean
incumbent CEV by 0.339 percentage points. The timing gains are larger under labour
taxation and transfers adjustment, but they do not overturn the instrument ranking at

any given timing.
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Figure 5: Government Spending baseline: CEV incidence by initial assets and human
capital.
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Note: The top row conditions on initial assets and the bottom row on initial human capital. Columns
correspond to the three fiscal instruments. Dashed vertical lines mark selected percentiles of the initial
distribution; the horizontal dotted line denotes zero CEV.

The average incumbent welfare statistics mask considerable heterogeneity in incidence
across the distribution of households. The third column of Table 4 highlights that the
relative dispersion of welfare losses varies considerably across policy instruments and
timing choices. Dispersion is particularly high when asset returns are taxed, suggesting
that losses are concentrated among a smaller number of households, whereas they are
more evenly distributed when labour taxes or transfers are chosen as fiscal instruments.
This pattern reflects the strong concentration of wealth in the model and is also visible in
the initial-assets columns of the same table. Under the labour-tax and transfers closures,
assets provide a buffer that helps households maintain consumption as taxation reduces
their available resources. Welfare losses are therefore larger for the bottom asset decile
than for the top decile. Under returns taxation, assets instead provide the tax base,
leaving low-asset households largely insulated from the tax. Similar, though more muted,
patterns appear across the initial human-capital distribution.

While the choice of fiscal instrument has the most pronounced effects on the distribu-
tion of welfare, there exist interesting patterns with respect to the choice of deleveraging
timing even conditional on the choice of fiscal instrument. On average, incumbent welfare

improves as debt reductions are back-loaded in time. Back-loading improves incumbent
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welfare for two reasons: First, workers discount future utility, so adjustments required in
the far future do not harm them as much. Second, when the fiscal adjustment bites in
the more distant future, workers have time to prepare by adjusting their choices in the
lead-up to the tax increase. This echoes the result of Réhrs and Winter (2017), who show
that in an incomplete-markets economy with assets, public-debt reductions are optimally
back-loaded. However, our results uncover some nuance in this mechanism. In the case
of Returns taxation, front-loading the transition is actually preferred by low-asset house-
holds. This is intuitive, as these households do not hold many assets that can be taxed
but anticipate that they may become wealthy in the future. They therefore prefer to shift
the burden of debt repayment towards their currently wealthier contemporaries.

This conflict of interest is summarised by the preferred share columns in the table.
Holding timing of the adjustment fixed, roughly 70 percent of households prefer returns
taxation and roughly 30 percent prefer transfers adjustment. Holding the fiscal instru-
ment fixed, back-loading is unanimously preferred under labour taxation and transfers
adjustment. Returns-tax timing preferences are more divided: under the Government
Spending baseline, 30.8 percent of households prefer front-loading and 68.9 percent prefer
back-loading. This split reflects the asset-tax mechanism. Front-loading taxes predeter-
mined wealth earlier and can be attractive to households that bear relatively little of this
burden, while back-loading softens losses for high-asset households.

Figure 5 maps the same welfare effects across the initial state space. The labour-
income-tax panels show broad losses, with larger losses among low-asset households. The
returns-tax panels show the opposite asset gradient: low-asset households lose little rel-
ative to the mean, while welfare falls sharply in the high-asset tail. The transfers panels
provide the third pattern: losses are again larger for low-asset and low-human-capital
households because transfers provide disposable resources and insurance to households

with limited private buffers.
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4.6 Human-Capital Mechanism

To isolate the role of endogenous skill accumulation, Appendix C repeats the deleveraging
exercises in an economy without human capital, which we denote no-HC. The calibrated
no-HC model re-estimates household-side parameters to match the main stationary mo-
ments of the benchmark economy, as shown in Table C1.

The comparison confirms the broad incidence regimes, but shows that the human-
capital margin is central for the size and persistence of labour-tax losses. Table C3 shows
that labour-tax consolidation is still contractionary without human capital, but the bench-
mark economy also loses human capital during the transition. Under the linear Govern-
ment Spending path, the cumulative output loss over years 0-25 is 21.42 percentage-point-
years in the benchmark economy, compared with 10.78 in the calibrated no-HC model.
Labour taxation therefore damages the economy through two channels: it reduces current
labour supply and it discourages investment in future earnings capacity, which leaves a
longer-lived effect on output and the tax base. The welfare evidence in Table C4 makes
the same point. Under the same path, mean incumbent CEV under labour taxation is
—1.030% in the benchmark economy, compared with —0.727% in the calibrated no-HC

model. Figure 6 reports the baseline incidence profiles.

5 Alternative Uses of Fiscal Capacity

The baseline analysis assigns the fiscal dividend from lower debt-service costs to residual
Government Spending, GG;. This provides a clean benchmark in which the additional fiscal
capacity is absorbed without changing household tax or transfer schedules, but it raises a
natural question: does the welfare ranking of deleveraging packages depend on how this

?12 This section therefore examines how incumbent welfare

spare fiscal capacity is used
and its distribution vary when the same projected headroom is assigned to alternative
uses.

We consider three alternatives to the Government Spending benchmark. Under Fis-
cal Discipline, the debt-service savings relax the budget-clearing instrument during the
transition. Under Additional Transfers, they are returned directly to households through
the lump-sum transfer. Under Public Investment, they finance productive public capital.
Each experiment imposes the same fixed debt-level path and uses the same projected fis-
cal headroom. Government Spending and Fiscal Discipline share a terminal steady state,

whereas Additional Transfers and Public Investment imply different final allocations. The

12For example, Rohrs and Winter (2017) vary the speed and tax instrument while holding other budget
components fixed. Coenen et al. (2008) and Almeida et al. (2013) compare several long-run uses of lower
interest payments, including tax relief, transfers, and public spending. Sakkas and Varthalitis (2021)
consider a broader allocation across government consumption, public investment, education, transfers,
and tax reductions.
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latter comparisons should therefore be interpreted primarily as matched transition exper-
iments rather than as welfare rankings across identical terminal economies. Appendix D
reports the terminal allocations and the complete set of macroeconomic, welfare, and
incidence results.

The qualitative incidence of the financing instruments is robust to how fiscal head-
room is used. Low-asset households favour returns taxation because they hold little of the
associated tax base. High-asset households are more likely to favour transfers adjustment
because their private resources cushion the withdrawal of public transfers. Labour tax-
ation remains unattractive throughout the distribution because it lowers current labour
income and discourages investment in future earnings capacity. These patterns survive
across all four uses of fiscal capacity and all three debt paths.

What changes, sometimes substantially, is the quantitative incumbent welfare cost and
its distribution across households. For the linear debt path, reallocating headroom reduces
mean incumbent CEV losses under every financing instrument. Relative to Government
Spending, the mean loss under labour taxation falls from 1.030% to as little as 0.494%
under Public Investment. The corresponding loss under returns taxation falls from 0.436%
to 0.045%, while that under transfers adjustment falls from 0.641% to 0.298%. The
mechanisms differ across allocations. Fiscal Discipline limits the movement in the budget-
clearing instrument; Additional Transfers cushion disposable household resources; and
Public Investment supports productivity, wages, human-capital accumulation, and the tax
base. The use of headroom therefore changes the magnitude of the welfare consequences
even though it leaves the broad instrument ranking intact.

The distributional changes are particularly pronounced under returns taxation. In the
linear Government Spending case, the positive-CEV share is 0.0%, and the bottom and top
asset deciles experience losses of 0.048% and 1.584%, respectively. Fiscal Discipline raises
the positive-CEV share to 34.1%. Additional Transfers raise it to 50.9%, with the bottom
asset decile gaining 0.248% while the top decile loses 1.463%. Public Investment broadens
the gaining coalition further: 63.1% of households obtain a positive CEV, although the
top asset decile still loses 0.879%. Alternative uses of headroom can thus turn small losses
among low-asset households into gains without eliminating the losses borne by households
with substantial exposure to the returns-tax base.

Figures 7 and 8 show these welfare changes relative to the matched Government Spend-
ing experiment. Fiscal Discipline primarily benefits households exposed to the budget-
closing instrument. Its gains are broad under labour taxation, while under returns taxa-
tion they increase with initial assets because high-asset households benefit most from the
smaller tax adjustment. Additional Transfers instead create a distinctly low-asset coali-
tion. Public Investment produces gains across a broader range of initial assets and human

capital through its effects on productivity and wages, although high-asset households can
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Figure 7: Fiscal-capacity allocation relative to Government Spending: CEV by initial
assets.
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Note: The figure plots CEV percentage-point differences relative to the matched Government Spend-
ing baseline. Rows correspond to fiscal instruments and columns to timing paths. Lines compare
Fiscal Discipline, Additional Transfers, and Public Investment as alternative uses of debt-service
savings.

continue to lose in absolute terms when the transition is financed through returns taxation.
This quantitative heterogeneity has direct household support implications. Panel B
of Table 5 confirms that the preferred financing instrument is remarkably stable. Holding
the debt path fixed, approximately 67-75% of households prefer returns taxation and
approximately 21-33% prefer transfers adjustment, while labour taxation receives at most
5.1% support. Headroom allocation therefore does little to change the coalition supporting
each financing instrument: low-asset households continue to favour taxation of returns,
while high-asset households disproportionately favour adjustment through transfers.
The timing coalition is more sensitive. Under labour taxation and transfers adjust-
ment, back-loading remains almost unanimously preferred regardless of how the headroom
is used. Under returns taxation, however, the Government Spending benchmark gives a
clear back-loaded majority: 68.9% prefer back-loading and 30.8% prefer front-loading.
Fiscal Discipline narrows this gap by raising support for front-loading to 45.0%. Addi-
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Figure 8: Fiscal-capacity allocation relative to Government Spending: CEV by initial
human capital.
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tional Transfers and Public Investment overturn the ranking, with 57.0% and 63.6% of
households, respectively, preferring front-loading. Earlier consolidation then brings for-
ward either the direct transfer or the accumulation of productive public capital, allowing
these benefits to offset the cost of imposing the returns tax sooner.

Comparing Table D5 with Appendix Table D6 shows that lowering the public-capital
elasticity from 0.135 to 0.109 reduces incumbent welfare but preserves the returns-tax
timing result: 58.8% of households still prefer front-loading. Appendix Table D7 shows
that all-cohort CEV remains positive under all three returns-tax paths at the benchmark
social discount factor.

Panel C compares the three alternative uses of headroom directly, excluding Govern-
ment Spending. Public Investment is preferred by between 78.6% and 100.0% of house-
holds across all nine instrument-by-timing combinations. This broad support is consistent

with the reach of its productivity and wage effects.
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The qualitative conflict over financing remains unchanged: low-asset households favour
returns taxation, high-asset households are more inclined to favour transfers adjustment,
and labour taxation attracts virtually no support. The mean incumbent welfare cost,
the distribution of CEV, and the coalition supporting faster consolidation can neverthe-
less change substantially. Headroom allocation is therefore quantitatively and politically

important even when it does not alter the baseline ranking of financing instruments.

5.1 Welfare Across Generations

The preceding welfare analysis evaluates households alive when consolidation is an-
nounced, which is the natural object for studying support at the announcement date.
To assess how the policy affects workers entering during and after the transition, we
additionally construct a social-welfare criterion that combines initial incumbents with
successive entrant cohorts.

Let VP(s) denote lifetime utility in state s under policy package p. We define the

distribution-weighted lifetime utilities of initial incumbents and entrants in year ¢ as

_I,P _ I _Evp _ FE
Vo' = wieV(s),  Vi'=) wf(s)Vi(s), (26)
S S
where the corresponding state distributions are normalised to sum to one. We then define
welfare across current and future cohorts as
I — E AT _g
WP(A) =V, +w AV P =V, 27
@)=V | AT 2R (27)
Here, A € (0,1) is the social planner’s relative weight on successive entry cohorts. Because
the population has unit mass and the exit probability is constant, the share entering in
each period is w. The transition is computed explicitly through year 7' — 1, while V?’p
denotes the lifetime utility of entrants in the final steady state.

To express this welfare measure as a consumption-equivalent variation, let

WO(v; A) = Vo' (v) + W%V’“(u) (28)

denote welfare in the initial steady state when baseline consumption is scaled by 14 v for

both initial incumbents and all future entrants, using the same fixed-policy convention as
the incumbent CEV. The all-cohort CEV, v?(A), is defined by

WO(WP(A); A) = WP(A). (29)
Table 6 compares incumbent and all-cohort welfare across policy configurations for
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A € {0.94,0.96,0.98}. We use A = 0.96, equal to the household discount factor, as the

benchmark.!3

13For comparability, we recompute the incumbent-only CEV by first aggregating incumbent lifetime
utility and then solving for a common consumption adjustment. Because the CEV transformation is
nonlinear, this measure differs slightly from the distribution-weighted mean of the state-specific incumbent
CEVs reported above.
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Table 6: Intergenerational welfare under alternative so-
cial discount factors

Instrument  Debt path Incumbents All cohorts

A=094 A=096 A=0098

Panel A: Government Spending

Labour tax  Front-loaded -1.543 -1.512 -1.476 -1.351
Labour tax  Linear -1.045 -1.109 -1.128 -1.111
Labour tax  Back-loaded -0.610 -0.755 -0.822 -0.902
Returns tax  Front-loaded -0.493 -0.635 -0.675 -0.720
Returns tax  Linear -0.353 -0.523 -0.595 -0.695
Returns tax Back-loaded -0.231 -0.413 -0.513 -0.667
Transfers Front-loaded -1.121 -1.174 -1.119 -0.986
Transfers Linear -0.677 -0.812 -0.812 -0.774
Transfers Back-loaded -0.315 -0.504 -0.551 -0.595
Panel B: Fiscal Discipline
Labour tax  Front-loaded -0.870 -0.643 -0.426 0.154
Labour tax  Linear -0.597 -0.474 -0.314 0.169
Labour tax  Back-loaded -0.360 -0.333 -0.226 0.167
Returns tax Front-loaded -0.227 -0.157 -0.005 0.445
Returns tax  Linear -0.160 -0.149 -0.039 0.346
Returns tax Back-loaded -0.105 -0.140 -0.070 0.252
Transfers Front-loaded -0.759 -0.612 -0.452 -0.124
Transfers Linear -0.452 -0.414 -0.304 -0.045
Transfers Back-loaded -0.205 -0.252 -0.186 0.010
Panel C: Public Investment
Labour tax  Front-loaded -0.741 -0.280 0.197 1.580
Labour tax  Linear -0.509 -0.205 0.183 1.415
Labour tax  Back-loaded -0.311 -0.155 0.148 1.235
Returns tax  Front-loaded 0.033 0.284 0.661 1.811
Returns tax  Linear 0.014 0.171 0.481 1.528
Returns tax Back-loaded -0.009 0.069 0.312 1.254
Transfers Front-loaded -0.594 -0.260 0.117 1.045
Transfers Linear -0.330 -0.148 0.154 0.984
Transfers Back-loaded -0.128 -0.068 0.163 0.902
Panel D: Additional Transfers
Labour tax  Front-loaded -1.172 -0.937 -0.785 -0.388
Labour tax  Linear -0.820 -0.707 -0.607 -0.300
Labour tax  Back-loaded -0.509 -0.507 -0.455 -0.231
Returns tax  Front-loaded -0.125 -0.067 0.009 0.239
Returns tax  Linear -0.121 -0.117 -0.071 0.119
Returns tax  Back-loaded -0.115 -0.154 -0.136 0.013
Transfers Front-loaded -0.759 -0.612 -0.450 -0.085
Transfers Linear -0.452 -0.414 -0.302 -0.007
Transfers Back-loaded -0.205 -0.252 -0.185 0.049

Notes: Entries are consumption-equivalent variations in per
cent. The first column aggregates date-0 incumbent lifetime
utility; the remaining columns also include future entrants dis-
counted by A. Household lifetime utility uses § = 0.96. Bold
entries identify the welfare-maximising policy within each panel

and column.

Figure 9 traces the welfare of the first 50 annual entrant cohorts. It therefore shows
how the incidence of each policy package evolves across workers born at different points

along the transition, rather than aggregating them using a particular social discount
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factor.

Figure 9: Ex-ante welfare of entrant cohorts by birth year.
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Note: Rows correspond to the use of fiscal headroom and columns to the fiscal instrument. Lines
distinguish front-loaded, linear, and back-loaded debt paths. Welfare is the cohort-aggregate CEV
of newborn entrants relative to a newborn in the initial steady state. Y-axis limits are shared within

each row. The horizontal dashed line denotes zero CEV and the vertical dashed line marks birth year

25.

The cohort profiles make the timing mechanism visible. Under Government Spending,
entrant welfare remains below the initial-steady-state benchmark throughout the first 50

years, with the largest average cohort losses under labour taxation. Public Investment
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produces the clearest reversal: later cohorts gain, especially under front-loading, because
earlier consolidation brings forward the accumulation of productive public capital. The
figure therefore shows why aggregating cohorts can favour front-loading even when initial
incumbents prefer to delay adjustment: the policy shifts costs towards early cohorts but
allows later entrants to benefit sooner from the improved fiscal allocation.

Two results stand out. First, accounting for future entrants weakens the case for
back-loading. At A = 0.96, the welfare-maximising package is front-loaded for three of
the four uses of headroom. For Fiscal Discipline and Additional Transfers, the ranking
changes from back-loaded returns taxation among initial incumbents to front-loaded re-
turns taxation across all cohorts. Government Spending is the exception: back-loaded
returns taxation produces the highest all-cohort welfare, with a CEV of —0.513 percent,
compared with —0.551 percent under back-loaded transfers.

Second, the broad ranking of financing instruments is especially strong in the all-
cohort comparison. At A = 0.96, returns taxation produces the highest all-cohort welfare
in all twelve headroom-use-by-debt-path comparisons. The largest gain arises when Public
Investment is financed by a front-loaded returns tax. Its all-cohort CEV is 0.661 percent,
compared with 0.033 percent for initial incumbents, showing that much of the gain from
bringing forward productive public capital accrues to workers who enter during or after

the transition.

6 Conclusion

This paper studies public-debt consolidation in a heterogeneous-agent economy in which
households differ in assets and human capital and invest endogenously in future earnings.
The analysis separates three fiscal-design margins that are often bundled together: the
instrument used to implement consolidation, the timing path of debt reduction, and the
use of the fiscal headroom created by lower debt service. Comparing labour-income taxes,
returns taxes, and transfers across front-loaded, linear, and back-loaded paths, and then
reallocating headroom across Government Spending, Fiscal Discipline, Additional Trans-
fers, and Public Investment, shows that the transition incidence of consolidation depends
jointly on wealth, skills, and fiscal design.

The first finding is that labour-tax consolidation is especially costly because it de-
presses human-capital accumulation. In the linear Government Spending transition, mean
incumbent CEV under labour taxation is —1.030 percent in the benchmark model, com-
pared with —0.727 percent in a comparable heterogeneous agent model without human
capital. The benchmark loss is therefore 0.303 percentage points larger, or about 42
percent larger, than in the no-human-capital economy. Models that abstract from en-

dogenous human-capital investment are therefore likely to understate the transition cost
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of consolidation, especially when the adjustment works through labour income.

The second finding is that alternative instruments reduce mean incumbent costs but
create sharper distributional conflicts. Returns taxation is the least costly instrument for
a large share of households because it preserves labour-supply and human-capital incen-
tives, but its losses are concentrated among high-asset households. Transfers adjustment
removes much of the production-side distortion, but the burden falls disproportionately on
low-asset and low-human-capital households because it withdraws resources from house-
holds with limited private buffers.

The third finding is that timing matters, but the standard case for back-loading is
incomplete. Earlier work emphasises that delayed adjustment can be welfare-improving
because it smooths the transition. Among initial incumbents, this result depends on the
fiscal instrument and on the use of headroom. Under labour taxes and transfers, most
households prefer back-loading because it delays the main labour-market distortion or
the withdrawal of transfers. Under returns taxation, by contrast, low-asset households
can prefer earlier consolidation because they bear little of the asset-tax burden. This
creates an additional conflict over timing: under returns taxation, Additional Transfers
and Public Investment both shift household support toward front-loading, with 57.0 and
63.6 percent of households preferring the front-loaded path, respectively. Accounting
for future entrants weakens the case for back-loading further. At the benchmark value
A = 0.96, the all-cohort welfare-maximising package is front-loaded for three of the four
uses of headroom.

The fourth finding is that headroom use is itself a policy margin. Fiscal Discipline
reduces the harmful effects of distortionary adjustment by using debt-service savings to
relax the required closure instrument; across instruments and timing paths, it lowers
mean incumbent CEV losses by about 33-52 percent relative to the Government Spend-
ing baseline, equivalent to gains of 0.11-0.66 percentage points of lifetime consumption.
But headroom use also creates a new distributive conflict. Governments may be tempted
to return debt-service savings through transfers because this benefits low-asset and low-
income households, especially when financed by returns taxes. Public Investment changes
the household support more broadly: when headroom raises productive public capital, it
creates gains that reach a wider coalition of households and makes faster deleveraging more
attractive because faster debt reduction brings forward the buildup of productive capacity.
Once wealth and skills jointly shape exposure to consolidation, the costs of deleveraging
cannot be assessed without modelling both distributional conflict and human-capital ac-

cumulation.
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A Understanding Society Sample

A.1 Data

Understanding Society (UnSoc) is a large longitudinal household survey for the United
Kingdom, covering roughly 40,000 households and a broad set of economic and social
outcomes (Platt et al., 2020). Fieldwork for each wave is spread over a 24-month period,
but respondents are interviewed at approximately the same time each year, so the data
can be organised naturally as annual household-year observations (Knies, 2018). In this
paper we use waves 1-13 and retain interviews observed up to 2019 so that the empir-
ical inputs line up with the pre-pandemic baseline year used in the quantitative model.
The analysis uses the standard End User Licence release of the main survey data and
combines individual and household information to construct household-level income and

hours measures.

A.2 Sample selection

The main estimation sample is designed to match the model’s focus on prime-age work-
ing households. We therefore construct household-year observations from the household
reference person and, where relevant, their spouse or partner, annualise labour-income
flows, and aggregate earnings and hours across the retained adults. The baseline work-
ing sample is then restricted to employee, non-self-employed households aged 25-55, so
that observed labour income is as close as possible to the earnings concept in the model.
For the earnings-distribution and tax-transfer moments, we trim the top and bottom 1
percent of gross labour income within each survey year to limit the influence of extreme
reported values. For the human-capital-retention exercise, we use a separate older-worker
sample aged 55-65 with positive earnings and full-time hours, since late-career earnings

profiles provide a flat-spot estimate of retention.

A.3 Definitions of income

For pre-policy labour income we use annual household gross labour income. For post-
policy income we distinguish annual household net labour income and social transfers so
that the reduced-form tax-and-transfer block can separately match the net-of-tax income
schedule and average transfers. All income variables are converted into real terms using
the UK CPI. Labour supply is measured by usual weekly household hours summed across
the retained adults and normalised relative to a two-adult full-time benchmark. These
definitions ensure that the empirical moments correspond closely to the household income

and labour-supply concepts used in the quantitative model.
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A.4 Residualised earnings-rank moments

To construct the earnings-distribution targets, we first residualise the logarithm of gross

household labour income on a standard set of observable controls:

log 4, = Bo + B female;, + ps(age; ;) + 1 + 1 + €3, (30)
where p3(age; ;) denotes a third-order polynomial in household age, 7, are region fixed
effects, and 7, are survey-year fixed effects. We exponentiate the residual, y;§ = exp(git),
and use this residualised earnings index to rank households and construct earnings-share
targets: the shares of the index received by the bottom 25, bottom 50, bottom 75, and
top 10 percent of the working-age sample. The calibration combines these distributional

earnings shares with hours, tax-transfer, and wealth moments.

B Calibration Detalils

This appendix documents the steady-state calibration in more detail. Appendix A
describes the survey source, sample construction, income definitions, and residualised
earnings-rank moments used to build the empirical inputs. Here we take those objects
as given and explain how they are mapped into calibration targets. The quantitative
exercise is organised in three layers: a set of parameters fixed outside the estimation loop
at standard values or normalisations, a set of objects disciplined directly by data, and a

final group of structural parameters chosen to match a set of empirical moments.

Numerical grids. The benchmark human-capital computations use 50 asset nodes, 50
human-capital nodes, and 9 economic productivity states. The asset grid runs from the
baseline borrowing limit, auy, = —70/(r + 7P") = —0.421, t0 apmax = 250. Grid points are
exponentially spaced after adding the pivot |amin| + 0.25, which concentrates nodes near
the borrowing limit while retaining a wide upper tail. The human-capital grid runs from
hoin = 0.100 to hpae = 6.000. It is constructed in two exponentially spaced segments
so that the calibrated newborn point Apewborn = 0.433 lies exactly on the grid, with
three numerical buffer nodes below it and the remaining nodes above it. The calibrated
stationary distribution puts essentially no mass below the newborn point, so this lower
buffer is not a binding support restriction. The exogenous productivity grid is built with
Rouwenhorst’s method for the log AR(1) process, using the calibrated persistence and

innovation scale, and then exponentiated; the grid spans e € [0.398,2.514].
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B.1 Parameters Fixed Outside the Estimation Loop

The values fixed outside the estimation loop are reported in Table 1 in the main text. This
subsection focuses on the reduced-form empirical objects that are pinned down outside

the estimation loop and then fed into the model.

Human-capital retention from Understanding Society. Using the older-worker
sample defined in Appendix A, we discipline annual human-capital retention using the
late-career earnings profile. Because earnings growth is typically limited late in working
life, the within-person age slope in this sample provides a reduced-form flat-spot estimate.
Specifically, we run a fixed-effects regression of log gross household income on age, year

dummies, and region dummies:

log Y7 ™ = Qi + Bage a8y + 1 + 1 + it (31)

The estimated age slope is Bage = —0.040. We map this slope into the annual retention
rate according to

Op = exP(fage) = 0.961. (32)

This is the value used in the quantitative exercise. The mapping treats the late-career
earnings slope as a reduced-form measure of skill retention, conditional on the regression
controls. It is an identifying approximation rather than an algebraic implication of the

nonlinear productivity function elog(1 + h).

Tax and transfer system. Using the working-age sample described in Appendix A,
we represent the tax and transfer system with the Heathcote et al. (2017) reduced-form

schedule
ydisp =7 (ygrOSS)l—Tz + 7o, (33)

and discipline its parameters from the empirical relationship between gross income, net

income, and transfers. In the quantitative baseline, we first set

manually. We then normalise gross income by its sample mean,

- gross ygross
) = Wa (35)
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and define the empirical mean net-to-gross ratio

net
m = E{ - } , (36)
y TrOSS

where y™** denotes net labour income excluding transfers. Given the imposed value of 7,

the tax-level parameter is chosen to satisfy
m=nE[([7¥>) "], (37)

so that
m

n = e 0.739. (38)

Finally, the transfer term is set to

E[transfers]

= 0.065 39
E[ygross] ( )

T0 =
from average transfers, expressed relative to mean gross income. The appendix and the

quantitative results use this baseline specification.

B.2 Internally Calibrated Parameters

The parameters estimated inside the model correspond to the vector

9= (X?ﬂ? UGJwﬂﬁpen?f%a’B?ng?hnewborn)7 (4())

where y and « govern human-capital accumulation, (p, o.) govern the exogenous produc-
tivity process, 1 governs labour disutility, 7P*" is the borrowing wedge, (¢, ag) govern the
bequest motive, and hjewborm determines the human-capital state of replacement workers

after exit.

B.3 Construction of the Micro Moments

The micro moments are constructed directly from the household-level objects described
in Appendix A. The income and labour block contains six targets: the normalisation of
aggregate effective labour, the shares of the exponentiated residual earnings index received
by the bottom 25, bottom 50, bottom 75, and top 10 percent of households, and mean
normalised hours among employed households. These moments discipline the exogenous
earnings process, labour disutility, the curvature and scale of human-capital accumulation,
and the newborn reset point. The remaining three moments target the household balance-

sheet side of the model: the assets-to-output ratio, the hand-to-mouth share, and the top
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Table B1: Targeted calibration moments and model fit

Moment Target Model Gap Residual

Effective labour L 1.000 1.000 +-0.000  +0.000
Residual earnings share, bottom 25%  0.089 0.089 +0.000 +0.003
Residual earnings share, bottom 50%  0.267 0.270 +0.002 -0.009
Residual earnings share, bottom 75%  0.539  0.540 +0.001 -0.001

Mean hours, employed 0.675 0.675 +0.000 40.000
Assets-to-output ratio A/Y 2.900 2.900 +0.000 +0.000
Hand-to-mouth share 0.190 0.190 +0.000  +0.000
Top 10% wealth share 0.500 0.500 4-0.000  +4-0.000
Residual earnings share, top 10% 0.230 0.231 +0.001 -0.006

Notes: The objective residual is (M2t — pnodel) /| pfdata| - For the
reported calibration, > e? = 0.0001 and ||e]|oo = 0.0092.

10 percent wealth share. Taken together, the target set is designed to discipline both the
earnings distribution and the degree of self-insurance and concentration in the stationary

equilibrium.

B.4 Numerical Estimation Procedure

For a candidate 1, the stationary equilibrium is computed and the model-implied moment

vector M™odl(99) is evaluated. The calibration constructs target-scaled residuals

data model
_ MR = Mt ()

e;(9) = ey . j=1,...,0 (41)
J

We then minimise the sum of squared entries in this residual vector using a least-squares

optimisation routine.

B.5 Target Moments and Fit

The calibration targets labour supply, the earnings distribution, wealth accumulation,
liquidity, and wealth concentration. Table B1 reports the target values, model-implied
moments, unscaled gaps, and target-scaled residuals for the reported calibration. The
main text reports the estimated parameter vector, while the elasticity diagnostics below

summarise local identification around the calibrated stationary equilibrium.

B.6 Elasticity Diagnostics

Figure B1 reports local elasticities of the targeted model moments with respect to the
calibrated parameters, computed around the calibrated stationary equilibrium. This di-

agnostic shows which parameters discipline each targeted margin and helps assess local
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Moment

Figure B1: Parameter-to-moment elasticity diagnostics.

Earn. top 10| -0.05 0.69 0.52 0.03 0.04 0.05 0.04 -0.06 -0.04 8
Wealth top 10 | -1.15 -0.90 -0.58 0.81 1.03 0.85 1.39 -1.00 -0.13 6
Hand-to-mouth | -2.63 -1.96 -1.47 1.89 -0.38 2.32 2.47 -3.82 -0.52 14
Assets/output | 4.43 4.04 2.31 -3.17 -1.25 -3.31 -3.44 8.61 0.41 12
Mean hours | 0.25 0.04 0.03 -0.51 -0.03 -0.10 -0.03 0.05 0.04 10
Earn. bottom 75| 0.03 -0.38 -0.29 -0.02 -0.03 -0.04 -0.03 0.04 0.03 4-2
Earn. bottom 50 | 0.08 -0.56 -0.41 -0.05 -0.07 -0.10 -0.06 0.09 0.08 4.4
Earn. bottom 25| 0.06 -0.69 -0.51 -0.05 -0.14 -0.13 -0.08 0.12 0.21 6
Ll 091 0.34 0.27 -0.66 -0.09 -0.34 -0.09 0.15 0.09 8

+ S v N\ - 2 o2 oS

Calibrated parameter

Note: Each cell reports the elasticity of a targeted model moment with respect to a one-parameter
perturbation around the calibrated stationary equilibrium. Rows are targeted moments and columns
are calibrated parameters.

identification around the calibration.

C No-Human-Capital Benchmark

Elasticity of model moment w.r.t. parameter

This appendix repeats the fiscal-capacity exercises in an economy without endogenous

human-capital accumulation, which we refer to as the no-HC model.

The household

no longer chooses skill investment and there is no human-capital law of motion. The

remaining problem is a one-asset incomplete-markets economy with endogenous labour

supply, the same fiscal block, mortality and bequest structure, inheritable assets, and

the same public-capital channel in production. The exercise is diagnostic rather than a

replacement for the benchmark model: it asks which results follow from the one-asset

fiscal-insurance environment alone and which require the endogenous skill margin.
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C.1 Calibration Strategy

The calibrated no-HC model re-estimates the no-HC household-side parameters to match
the main stationary targets of the benchmark economy. Matching these initial moments
keeps the comparison focused on the endogenous human-capital margin rather than on
differences in the stationary wealth distribution.

The exogenous productivity process in the no-HC model is constructed from the bench-
mark steady state. Using a fixed seed, we simulate the benchmark transition matrix, retain
100,000 observations after a 10,000-period burn-in, and use the resulting path to form the
earnings-relevant efficiency term generated jointly by exogenous productivity and human
capital. We estimate an auxiliary AR(1) for the log of this term by OLS and discretise
the estimated process in the no-HC economy using Rouwenhorst’s method. This delib-
erately assigns to exogenous risk variation that is partly endogenous in the benchmark
model. The misspecification is useful here because it shows what the deleveraging ex-
periment looks like when persistent earnings heterogeneity is treated as exogenous rather

than partly chosen through skill investment.

C.2 Baseline Comparison

Table C1 compares the initial steady states. The calibrated no-HC model is close to
the human-capital benchmark on the targeted stationary moments. Output is 1.429,
assets/output is 2.904, the hand-to-mouth share is 18.3%, the top 10 percent wealth
share is 50.2%, and external borrowing/output is 0.196. The corresponding benchmark
values are 1.428, 2.900, 19.0%, 50.0%, and 0.200.

C.3 Lower-Debt Steady States

Table C2 reports the initial and lower-debt steady states for the calibrated no-HC model.
As in the benchmark model, the debt experiment fixes the terminal debt level rather
than mechanically imposing an identical terminal debt-to-output ratio. The Government
Spending and Additional Transfers endpoints leave output almost unchanged, while the
Public Investment endpoint raises output from 1.429 to 1.452. The Public Investment gain
is present but smaller than in the human-capital benchmark, where the corresponding
terminal output is 1.462. Because the terminal debt level is common, the calibrated
no-HC Public Investment endpoint reaches B/Y = 0.689, compared with 0.684 in the
benchmark. The NFA ratio also falls less sharply, to 0.168 rather than 0.146.
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Table C1: Baseline steady states: HC and no-HC

benchmarks

Variable HC benchmark Calibrated no-HC
Output Y 1.428 1.429
Effective labour L 1.000 1.000
Mean hours 0.675 0.675
Wage w 1.000 1.000
Interest rate r 0.0300 0.0300
Debt ratio B/Y 0.800 0.800
Assets/output 2.900 2.904
Mean assets 4.143 4.149
Hand-to-mouth share 19.0 18.3
Top 10% wealth share 50.0 50.2
External borrowing/output 0.200 0.196
Labour tax 71 0.739 0.739
Transfers g 0.065 0.065
Public investment/Y 0.050 0.050
General government spending/Y 0.078 0.082

Notes: The HC benchmark is the initial steady state used
in the main fiscal-capacity transition exercises. The cal-
ibrated no-HC model re-estimates the no-HC household-
side parameters to match key stationary moments.

Table C2: No-human-capital initial and lower-debt steady states

Variable Initial Government Spending Public Investment Additional Transfers
Level Change Level Change Level Change
Calibrated no-HC
Debt ratio B/Y 0.800 0.700 -10.01 pp 0.689 -11.14 pp 0.700 -10.04 pp
Debt level B 1.143 1.000 -12.50%  1.000 -12.50%  1.000 -12.50%
Output Y 1.429 1.429 +0.02% 1.452 +1.65% 1.429 +0.06%
Effective labour L 1.000 1.000 +0.00% 1.004 +0.44%  1.000 +0.02%
Private capital K 3.286 3.287 +0.04% 3.346 +1.84%  3.291 +0.16%
Interest rate r 0.0300 0.0300 -0.4 bp 0.0298 -2.3 bp 0.0299 -1.3 bp
Mean assets 4.149 4.013 -3.27%  4.101 -1.13%  4.033 -2.78%
External borrowing/output 0.196 0.192 -0.42 pp 0.168 -2.76 pp 0.180 -1.56 pp
Public investment/Y 0.050 0.050 -0.00 pp 0.052 +40.21 pp 0.050 -0.00 pp
Transfers/Y 0.046 0.045 -0.00 pp 0.045 -0.07 pp 0.048 +0.30 pp
Residual spending/Y 0.082 0.085 +0.31 pp 0.086 +0.37 pp 0.082 +0.02 pp
Public capital Ky 0.952 0.952 +0.00% 1.010 +6.00% 0.952 +0.00%
Public-capital TFP Ay 1.000 1.000 +0.00% 1.008 +0.79%  1.000 +0.00%

Notes: Levels are steady-state values. Changes are relative to the corresponding no-
HC initial steady state. Ratio changes are reported in percentage points, interest-rate
changes in basis points, and other changes in percent. The lower-debt steady states
hold the debt level fixed at a reduction equal to 10 percent of initial output and
allocate the fiscal capacity according to the column heading.
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C.4 Fixed Debt-Path Transition Diagnostics

For a fixed debt path, public-investment path, residual-spending path, and productivity
transition matrix, equilibrium requires mutually consistent paths for output, the external
borrowing position, and the fiscal closure instrument. The interest rate follows the NFA-
elastic schedule, while firms determine capital intensity and wages from the interest rate
and public-capital productivity. We solve household decisions backwards and simulate
the distribution forwards, choosing the aggregate paths so that the goods market, asset
market, and government budget clear in every period.

Table C3 reports the corresponding no-HC macroeconomic transition losses for output,
private capital, household assets, and labour supply.

Figure 6 in Section 4.6 and Figures C1-C3 provide compact comparisons of the
human-capital benchmark and the calibrated no-HC model by fiscal-capacity use. Each
figure plots CEV incidence by initial asset percentile, the state variable common to
both economies. Rows correspond to front-loaded, linear, and back-loaded debt paths.
Columns correspond to the fiscal closure instrument. Within each panel, the two models

are plotted together.
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Three patterns stand out. First, the broad incidence regimes are robust. Labour-
tax consolidation produces broad losses; returns-tax consolidation shifts the burden to-
ward high-asset households; and transfer consolidation is concentrated on households with
weak balance sheets. The no-HC exercises therefore support the interpretation that these
regimes are not artefacts of the human-capital state space.

Second, endogenous human capital amplifies the incumbent welfare cost of labour-
tax consolidation. Under the linear Government Spending path, mean incumbent CEV
is —1.030% in the human-capital benchmark, compared with —0.727% in the calibrated
no-HC model. The same ordering holds for front-loaded and back-loaded debt paths.
The asset profile is also slightly steeper in the benchmark: the linear-path top-minus-
bottom asset-decile gap is 0.288 percentage points, compared with 0.274 in the no-HC
model. Initial assets therefore buffer labour-tax consolidation in both models, while the
additional skill-investment channel modestly steepens the asset gradient.

Third, the no-HC comparison clarifies the role of transfers and asset taxation. Returns-
tax incidence remains strongly tilted against high-asset households, with negative top-
minus-bottom asset gaps in both models. Transfer consolidation remains bottom-heavy,
with positive asset gaps and universal preference for back-loading. Under the linear
path, the transfer asset gap is 0.562 in the human-capital benchmark and 0.399 in the
calibrated no-HC model. These patterns match the economic interpretation of transfers
as an insurance and liquidity margin for households close to the asset floor.

The full no-HC welfare results are reported in Table C4. They cover Fiscal Discipline,
Government Spending, Additional Transfers, and Public Investment as alternative uses of
debt-service savings. Across those panels, the transfer-closure and Fiscal Discipline cases
are the closest comparisons with the human-capital benchmark, while labour-tax-financed

paths show the largest role for endogenous human capital.
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D Fiscal Headroom: Detailed Results

This appendix reports the complete transition, welfare, and incidence evidence underlying
Section 5. The exhibits are organised by use of fiscal capacity and retain the common

Government Spending benchmark used in the main text.

D.1 Steady States and Aggregate Comparisons

Table D1 reports the initial steady state and the lower-debt steady states implied by the
different uses of fiscal capacity.
Table D2 collects the cumulative-loss statistics for the four fiscal-capacity uses, with

Government Spending as the baseline panel.

Table D1: Initial and lower-debt steady states in the HC

model
Government
Spending /
Fiscal Public Additional
Discipline Investment Transfers

Variable Initial Level Change Level Change Level Change
Debt ratio B/Y 0.800 0.700 -10.01 pp 0.684 -11.61 pp 0.698 -10.16 pp
Debt level B 1.143 1.000 -12.50% 1.000 -12.50% 1.000 -12.50%
Output YV 1.428 1.429 +0.02% 1.462 +2.35% 1.432 +0.23%
Capital employed K 3.285 3.289 +40.10% 3.374 +2.70% 3.300 +0.45%
Wage w 1.000 1.001 +0.03% 1.013 +1.28% 1.001 +0.09%
Interest rate r 0.0300 0.0299 -1.06 bp 0.0296 -4.48 bp 0.0297 -2.87 bp
Effective labour L 1.000 0.999 -0.01% 1.010 +1.05% 1.001 +0.13%
External borrowing position 0.285 0.267 -6.22%  0.213 -25.27% 0.237 -16.93%
External borrowing/output 0.200 0.187 -1.25 pp 0.146 -5.38 pp 0.165 -3.42 pp
Public investment I4 0.071 0.071 +0.00% 0.076 +6.00% 0.071 +0.00%
General government spending G 0.111 0.116 +44.03% 0.122 +49.39% 0.113 +1.11%
Total government spending 0.183 0.187 +2.46% 0.198 +8.06% 0.184 +0.68%
Transfers 0.065 0.065 +40.00% 0.065 +0.00% 0.069 +6.59%
Public capital Kg 0.952 0.952 +40.00% 1.009 +6.00% 0.952 +40.00%
Productivity Z 1.000 1.000 +0.00% 1.008 +0.79% 1.000 +0.00%
Mean assets 4.143 4.021 -2.94% 4.161 +0.43% 4.063 -1.93%
Mean consumption 0.836 0.832 -0.47% 0.846 +1.30% 0.838 +0.23%
Mean human capital 2.892 2.891 -0.03% 2.915 40.81% 2.896 +40.13%
Mean HC investment 0.068 0.068 -0.08% 0.070 +1.91% 0.069 +0.28%
Asset Gini 0.711 0.711 +0.04 pp 0.702 -0.89 pp 0.706 -0.46 pp
Consumption Gini 0.217 0.216 -0.11 pp 0.213 -0.34 pp 0.213 -0.36 pp

Notes: The lower-debt steady states use the same debt-level reduc-
tion, equal to 10 percent of initial output. Fiscal Discipline shares
the same terminal steady state as Government Spending; the table
therefore reports three distinct lower-debt steady states. Asset Ginis

use raw asset positions, including debt.
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D.2 Fiscal Discipline

Fiscal Discipline uses the fiscal room created by lower debt service to reduce pressure on
the budget-clearing instrument during the policy window. This allows the government to
choose a less aggressive path for the selected fiscal instrument, meaning that the relative
beneficiaries of fiscal restraint are those households most exposed to the chosen fiscal in-
strument. Under labour-tax closure, discipline protects labour supply and human-capital
investment from larger tax movements. Under transfers closure, it protects households
that rely on the transfer component. Under returns-tax closure, it protects asset holders
from a larger tax on asset income.

Figure D1 plots aggregate transition paths under Fiscal Discipline as percentage dif-
ferences from the matched Government Spending baseline with the same fiscal instrument
and debt-path timing. The main result is that Fiscal Discipline raises output relative to
that baseline over most of the transition, especially under labour-tax closure. By year 25,
GDP is roughly 0.62-1.00 percent higher across the three timing paths. The mechanism
is the smaller required tax movement, which supports labour supply and human-capital
accumulation. Returns-tax closures show similar, but weaker, aggregate improvements,
while the output response under transfers closure is smaller and can change sign over the

transition.
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Figure D1: Fiscal Discipline relative to Government Spending: aggregate transitions.
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Note: Rows correspond to the three fiscal instruments and columns to output, mean consumption,
mean human capital, mean assets, and labour supply. Series are percentage differences from the
matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.

Table D2 reports the cumulative-loss evidence together with the other fiscal-capacity
cases. Under the linear labour-tax path, cumulative output losses fall from 21.42
percentage-point-years in the Government Spending baseline to 12.59 under Fiscal
Discipline. Cumulative consumption losses also fall, from 29.83 to 16.47 percentage-
point-years. The output changes under returns taxation and transfers closure are small
because those closures generate little output loss in either case. Fiscal Discipline reduces
cumulative consumption and asset losses in most cases, although some back-loaded paths
exhibit higher losses. Under transfers closure, some production-side loss measures also

increase modestly.
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Figure D2: Fiscal Discipline relative to Government Spending: distributional dynamics.
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Note: Rows correspond to the three fiscal instruments and columns to asset, consumption, human-
capital, and pre-tax earnings Gini coefficients. Series are percentage-point differences from the
matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.

Table D3 shows the same pattern in incumbent welfare. Under the linear path, mean
incumbent CEV improves relative to the Government Spending baseline from —1.030%
to —0.588% under labour taxation, from —0.436% to —0.213% under returns taxation,
and from —0.641% to —0.426% under transfers adjustment. The incidence comparison is
also relative to the same Government Spending baseline. In the linear returns-tax case,
the bottom initial-asset decile moves from a small loss of —0.048% under Government
Spending to a gain of 0.029% under Fiscal Discipline, while the top initial-asset decile’s
loss narrows from —1.584% to —0.956%. By contrast, under the linear labour-tax and
transfers paths, both bottom and top asset deciles still lose on average, although the losses
are smaller than in the Government Spending baseline and remain larger at the bottom

of the asset distribution.
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Table D3: Welfare, preferences, and incidence: Fiscal Discipline

CEV Preferred share Initial assets Initial HC

Rel. >0 Pref. Pref. Bottom Top Bottom Top
Timing path Mean disp. share policy timing  10% 10% A 10% 10% A

Panel A: Labour tax

Front-loaded -0.848 0.236 0.0 5.1 1.2 -1.134 -0.685 0.449 -0.757 -0.849 -0.092
Linear -0.588 0.137 0.0 0.9 0.0 -0.698 -0.515 0.183 -0.551 -0.588 -0.037
Back-loaded -0.360 0.030 0.0 0.0 98.8 -0.347 -0.353 -0.006 -0.351 -0.361 -0.010

Panel B: Returns tax

Front-loaded -0.308 1.591 38.9 74.0 45.0 0.066 -1.455 -1.521 -0.258 -0.821 -0.563
Linear -0.213 1.479 34.1 744 1.2 0.029 -0.956 -0.985 -0.154 -0.561 -0.407
Back-loaded -0.134 1.271 7.9 72.8 53.7 -0.002 -0.540 -0.537 -0.076 -0.337 -0.261

Panel C: Transfers

Front-loaded -0.698 0.564 0.0  21.0 0.0 -1.501 -0.547 0.954 -1.250 -0.501 0.750
Linear -0.426 0.409 0.0 24.7 0.0 -0.776 -0.376 0.400 -0.684 -0.339 0.346
Back-loaded -0.203 0.128 0.0 27.2 100.0 -0.239 -0.222 0.017 -0.249 -0.195 0.053

Notes: CEVs are reported as percentages of baseline consumption. Relative dis-
persion is the weighted standard deviation of state-level CEV divided by the abso-
lute weighted mean CEV. CEV > 0 share, preferred policy, and preferred timing
are percentages. Preferred policy is the weighted share of households for whom the
fiscal instrument gives the highest CEV among the three instruments, holding the
timing path fixed. Preferred timing is the weighted share of households for whom
the timing path gives the highest CEV among the three timing paths, holding the
fiscal instrument fixed. Bottom and top 10% columns report weighted mean CEVs
for households in the corresponding deciles of the initial asset or human-capital
distribution. The A column is the top-decile mean CEV minus the bottom-decile
mean CEV and is measured in percentage points.
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Figure D3: Fiscal Discipline: CEV incidence by initial assets and human capital.
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Note: The top row conditions on initial assets and the bottom row on initial human capital. Columns
correspond to the three fiscal instruments. Dashed vertical lines mark selected percentiles of the initial
distribution; the horizontal dotted line denotes zero CEV.

The household support implications are close to the Government Spending baseline
along the instrument dimension. Returns taxation remains the broadly preferred closure,
with support of about 73-74% across timing paths, while labour taxation attracts at
most 5.1% support. Fiscal Discipline changes timing preferences more than instrument
preferences. Within returns-tax closures, the front-loaded path becomes more attractive:
the share preferring front-loading rises from 30.8% in the Government Spending baseline
to 45.0% under Fiscal Discipline, because faster deleveraging is paired with a smaller
required tax movement. A sizeable minority of households also experience welfare gains
from the transition itself. Under returns-tax closure, the positive-CEV share rises to
38.9% in the front-loaded case and 34.1% in the linear case. These gains are concentrated
among low-asset households, who pay little of the asset-income tax but benefit from the

stronger wage and aggregate-output path during the transition.

D.3 Additional Transfers

The Additional Transfers scenario assigns the projected fiscal room from lower debt to the
lump-sum transfer component of the government budget. In the terminal steady state,

transfers rise from 0.065 to 0.069, while output remains close to the Government Spending
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lower-debt steady state.

Figure D4 and Table D2 show that the aggregate transition remains close to the
Government Spending baseline. Under the linear debt path with labour-tax closure,
the cumulative output loss is 22.29 percentage-point-years, compared with 21.42 in the
Government Spending baseline. The transfer channel mainly cushions household-side
outcomes: cumulative consumption losses fall from 29.83 to 24.75 percentage-point-years
under labour taxation, from 6.54 to 2.54 under returns taxation, and from 11.00 to 5.67
under transfers adjustment. Human-capital losses remain of a similar order, although they
are modestly higher than the baseline under labour taxation and transfers adjustment,

and remain essentially zero under returns taxation.

Figure D4: Additional Transfers relative to Government Spending: aggregate transitions.
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Note: Rows correspond to the three fiscal instruments and columns to output, mean consumption,
mean human capital, mean assets, and labour supply. Series are percentage differences from the
matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.
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Figure D5: Additional Transfers relative to Government Spending: distributional dynam-
ics.
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Note: Rows correspond to the three fiscal instruments and columns to asset, consumption, human-
capital, and pre-tax earnings Gini coefficients. Series are percentage-point differences from the
matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.

The welfare results in Table D4, together with the CEV incidence in Figure D6, show
how this household transfer changes household preferences over the transition. Mean
incumbent welfare improves relative to the Government Spending baseline in all linear
cases, because the fiscal room is returned to households, but a large gap opens between
fiscal instruments. Labour taxation remains the worst option: the linear mean incumbent
CEV improves from —1.030 percent in the Government Spending baseline to —0.815
percent, but remains below the —0.588 percent outcome under Fiscal Discipline because
transfers alleviate some pressure without reducing the distortionary labour-tax wedge.
Returns taxation is clearly preferred. The linear returns-tax CEV rises to —0.213 percent,
matching Fiscal Discipline and improving on Government Spending, but with a much
wider incidence spread: the bottom initial-asset decile gains 0.248 percent while the top
decile loses 1.463 percent as the higher transfer is financed by more punitive returns taxes.
In the front-loaded and linear returns-tax paths, 53.6 and 50.9 percent of households
have positive CEV, respectively, creating a strong coalition for financing higher transfers

through returns taxation; within that instrument, front-loaded debt reduction becomes
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Table D4: Welfare, preferences, and incidence: Additional Transfers

CEV Preferred share Initial assets Initial HC

Rel. >0 Pref. Pref. Bottom Top Bottom Top
Timing path Mean disp. share policy timing  10% 10% A 10% 10% A

Panel A: Labour tax

Front-loaded -1.157 0.177 0.0 0.4 0.2 -1.322 -0.975 0.347 -0.941 -1.196 -0.254
Linear -0.815 0.102 0.0 0.0 0.0 -0.856 -0.731 0.125 -0.712 -0.835 -0.123
Back-loaded -0.510 0.045 0.0 0.0 99.8 -0.467 -0.500 -0.033 -0.479 -0.520 -0.040

Panel B: Returns tax

Front-loaded -0.267 3.081 53.6 71.5 57.0 0.468 -2.164 -2.632 -0.004 -1.190 -1.186
Linear -0.213 2.515 50.9 704 0.6 0.248 -1.463 -1.711 -0.024 -0.835 -0.811
Back-loaded -0.165 1.789 41.8 67.2 42.4 0.071 -0.863 -0.934 -0.044 -0.524 -0.480

Panel C: Transfers

Front-loaded -0.698 0.564 0.0 28.1 0.0 -1.501 -0.547 0.954 -1.250 -0.501 0.750
Linear -0.426 0.409 0.0 29.6 0.0 -0.776 -0.376 0.400 -0.684 -0.339 0.346
Back-loaded -0.203 0.128 0.0 32.8 100.0 -0.239 -0.222 0.017 -0.249 -0.195 0.053

Notes: CEVs are reported as percentages of baseline consumption. Relative dis-
persion is the weighted standard deviation of state-level CEV divided by the abso-
lute weighted mean CEV. CEV > 0 share, preferred policy, and preferred timing
are percentages. Preferred policy is the weighted share of households for whom the
fiscal instrument gives the highest CEV among the three instruments, holding the
timing path fixed. Preferred timing is the weighted share of households for whom
the timing path gives the highest CEV among the three timing paths, holding the
fiscal instrument fixed. Bottom and top 10% columns report weighted mean CEVs
for households in the corresponding deciles of the initial asset or human-capital
distribution. The A column is the top-decile mean CEV minus the bottom-decile
mean CEV and is measured in percentage points.

the preferred timing path for 57.0 percent of households.
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Figure D6: Additional Transfers:
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Note: The top row conditions on initial assets and the bottom row on initial human capital. Columns
correspond to the three fiscal instruments. Dashed vertical lines mark selected percentiles of the initial
distribution; the horizontal dotted line denotes zero CEV.

D.4 Public Investment

The Public Investment scenario uses the same projected headroom to increase produc-
tive public capital. Unlike Additional Transfers, the channel is not a direct increase in
household disposable resources. It works by raising productivity, wages, and the tax base

during the debt transition.
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Figure D7: Public Investment relative to Government Spending: aggregate transitions.
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Note: Rows correspond to the three fiscal instruments and columns to output, mean consumption,
mean human capital, mean assets, and labour supply. Series are percentage differences from the
matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.

Figure D7 and Table D2 show that this productivity channel generates broader aggre-
gate gains overall than either Fiscal Discipline or Additional Transfers. Under the linear
debt path with labour-tax closure, cumulative output losses fall to 8.99 percentage-point-
years, compared with 21.42 in the Government Spending baseline, 12.59 under Fiscal
Discipline, and 22.29 under Additional Transfers. Consumption losses are also lower: un-
der the linear path they fall to 16.07 percentage-point-years with labour-tax closure, 2.70
with returns-tax closure, and 3.56 with transfers closure. The corresponding Government
Spending losses are 29.83, 6.54, and 11.00 percentage-point-years. The point is therefore
not only that public capital raises the terminal level of output; it also cushions the tran-
sition by supporting labour income, human-capital accumulation, and the tax base while

the debt path is being implemented.
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Figure D8: Public Investment relative to Government Spending: distributional dynamics.
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matched Government Spending transition with the same instrument and timing. The vertical dotted

line marks year 25.

The welfare results in Table D5, together with the CEV incidence in Figure D9, show
the same broadening in household terms. Under the linear path, mean incumbent CEV
is —0.494 percent under labour taxation, —0.045 percent under returns taxation, and
—0.298 percent under transfers adjustment. These outcomes are better than the matched
Government Spending baseline and also better than the corresponding Fiscal Discipline
and Additional Transfers cases. Labour taxation remains the weakest closure instrument,
but the productivity gain offsets more of the transition cost than in the previous two
counterfactuals. Returns taxation remains clearly preferred: it combines the smallest
mean incumbent welfare loss with the strongest positive-CEV coalition.

The incidence is still redistributive. In the linear returns-tax case, the bottom initial-
asset decile gains 0.205 percent while the top decile loses 0.879 percent. The top decile
therefore continues to bear the cost of the returns tax. Public Investment nevertheless
reduces its loss relative to Fiscal Discipline at every timing: from 1.455 to 1.355 percent
under front-loading, from 0.956 to 0.879 percent under the linear path, and from 0.540
to 0.492 percent under back-loading. The productivity dividend therefore cushions even

high-asset households, although their CEV remains negative because they remain exposed
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Table D5: Welfare, preferences, and incidence: Public Investment

CEV Preferred share Initial assets Initial HC

Rel. >0 Pref. Pref. Bottom Top Bottom Top
Timing path Mean disp. share policy timing  10% 10% A 10% 10% A

Panel A: Labour tax

Front-loaded -0.710 0.335 0.1 4.4 4.9 -1.073 -0.478 0.595 -0.636 -0.679 -0.043
Linear -0.494 0.208 0.0 0.7 0.0 -0.649 -0.377 0.272 -0.470 -0.471 -0.002
Back-loaded -0.308 0.059 0.0 0.0 95.1 -0.314 -0.278 0.037 -0.307 -0.296 0.012

Panel B: Returns tax

Front-loaded -0.058 9.579 63.3 74.5 63.6 0.336 -1.355 -1.691 -0.012 -0.636 -0.624
Linear -0.045 7.892 63.1 74.6 1.2 0.205 -0.879 -1.084 0.013 -0.433 -0.446
Back-loaded -0.040 4.739 61.3 73.2 35.2 0.092 -0.492 -0.584 0.019 -0.265 -0.283

Panel C: Transfers

Front-loaded -0.521 0.881 0.0 21.1 0.0 -1.458 -0.312 1.146 -1.163 -0.272 0.891
Linear -0.298 0.699 0.0 24.7 0.0 -0.718 -0.212 0.507 -0.603 -0.181 0.422
Back-loaded -0.123 0.294 0.0 26.8 100.0 -0.184 -0.123 0.061 -0.184 -0.101 0.083

Notes: CEVs are reported as percentages of baseline consumption. Relative dis-
persion is the weighted standard deviation of state-level CEV divided by the abso-
lute weighted mean CEV. CEV > 0 share, preferred policy, and preferred timing
are percentages. Preferred policy is the weighted share of households for whom the
fiscal instrument gives the highest CEV among the three instruments, holding the
timing path fixed. Preferred timing is the weighted share of households for whom
the timing path gives the highest CEV among the three timing paths, holding the
fiscal instrument fixed. Bottom and top 10% columns report weighted mean CEVs
for households in the corresponding deciles of the initial asset or human-capital
distribution. The A column is the top-decile mean CEV minus the bottom-decile
mean CEV and is measured in percentage points.

to the returns-tax burden.

The same mechanism shapes timing preferences. Under returns taxation, 63.3 percent
of households have positive CEV in the front-loaded path and 63.1 percent in the linear
path, both well above the Fiscal Discipline and Additional Transfers cases. Front-loaded
debt reduction becomes the preferred timing path for 63.6 percent of households under
returns taxation, because faster deleveraging brings the public-investment path forward:
public capital is built sooner, and the associated productivity and wage gains arrive earlier

in the transition.
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Figure D9: Public Investment: CEV incidence by initial assets and human capital.
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Note: The top row conditions on initial assets and the bottom row on initial human capital. Columns
correspond to the three fiscal instruments. Dashed vertical lines mark selected percentiles of the initial
distribution; the horizontal dotted line denotes zero CEV.

D.5 Robustness to Public-Capital Productivity

We assess the sensitivity of the Public Investment results to a lower productivity effect
of public capital. The baseline sets ¢, = 0.1354, so that a sustained increase in public
investment equal to 1 percent of initial output raises long-run output by 2.5 percent. The
robustness exercise instead sets ¢, = 0.1086, implying a 2.0 percent long-run output gain,
while holding the remaining model parameters, debt paths, and fiscal closures fixed.

Table D6 reproduces the welfare, preference, and incidence analysis for this lower-
productivity case. Returns taxation remains the preferred financing instrument for be-
tween 71.6 and 73.9 percent of the initial population, depending on debt timing, and
is the only instrument that produces gains for a majority of incumbents. Front-loading
remains the modal timing choice under returns taxation, preferred by 58.8 percent. Its
distributional incidence is also unchanged in direction: initial low-asset households gain,
while high-asset and high-human-capital households bear the larger losses.

Table D7 reports the corresponding panel of the intergenerational welfare comparison.
Returns taxation maximises welfare under every social discount factor. With A = 0.94, its
front-loaded and linear paths deliver positive all-cohort CEVs of 0.106 and 0.037 percent.
At the benchmark A = 0.96, all three returns-tax paths are positive, reaching 0.404

percent under front-loading; back-loaded transfers also produces a small gain of 0.022
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Table D6: Welfare, preferences, and incidence: Public Investment with
lower productivity

CEV Preferred share Initial assets Initial HC

Rel. >0 Pref. Pref. Bottom Top Bottom Top
Timing path Mean disp. share policy timing  10% 10% A 10% 10% A

Panel A: Labour tax

Front-loaded -0.868 0.273 0.0 3.2 2.3 -1.221 -0.612 0.609 -0.790 -0.827 -0.037
Linear -0.600 0.169 0.0 0.1 0.0 -0.745 -0.470 0.275 -0.572 -0.572 -0.000
Back-loaded -0.367 0.051 0.0 0.0 97.7 -0.366 -0.334 0.032 -0.363 -0.354 0.009

Panel B: Returns tax

Front-loaded -0.167 3.528 57.7 73.9 58.8 0.264 -1.550 -1.814 -0.103 -0.790 -0.688
Linear -0.121 3.133 56.8 73.5 1.4 0.156 -1.016 -1.172 -0.050 -0.541 -0.491
Back-loaded -0.086 2.379 53.0 71.6 39.8 0.063 -0.574 -0.637 -0.019 -0.330 -0.311

Panel C: Transfers

Front-loaded -0.624 0.739 0.0 22.9 0.0 -1.564 -0.393 1.171 -1.273 -0.363 0.910
Linear -0.366 0.570 0.0 26.3 0.0 -0.786 -0.268 0.518 -0.674 -0.242 0.432
Back-loaded -0.160 0.218 0.0 28.4 100.0 -0.218 -0.157 0.060 -0.220 -0.137 0.084

Notes: The lower-productivity specification sets ¢4 = 0.1086, corresponding to a
2.0 percent long-run output gain from a sustained increase in public investment
equal to 1 percent of initial output. All other model parameters, debt paths,
and fiscal closures are unchanged. CEVs are reported as percentages of baseline
consumption. Relative dispersion is the weighted standard deviation of state-
level CEV divided by the absolute weighted mean CEV. CEV > 0 share, preferred
policy, and preferred timing are percentages. Preferred policy is the weighted share
of households for whom the fiscal instrument gives the highest CEV among the
three instruments, holding the timing path fixed. Preferred timing is the weighted
share of households for whom the timing path gives the highest CEV among the
three timing paths, holding the fiscal instrument fixed. Bottom and top 10%
columns report weighted mean CEVs for households in the corresponding deciles
of the initial asset or human-capital distribution. The A column is the top-decile
mean CEV minus the bottom-decile mean CEV and is measured in percentage
points.

percent. With A = 0.98, every policy path is positive because the future output gains
receive greater weight, but front-loaded returns taxation remains the welfare-maximising
policy at 1.332 percent. Lower public-capital productivity therefore reduces the gains

without changing the main financing or timing conclusions.
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Table D7: Intergenerational welfare: Public Investment
with lower productivity

Instrument  Debt path Incumbents All cohorts
A=094 A=096 A=0.098

Panel A: Public Investment, lower productivity

Labour tax  Front-loaded -0.899 -0.523 -0.132 1.000
Labour tax  Linear -0.614 -0.383 -0.075 0.917
Labour tax  Back-loaded -0.370 -0.273 -0.042 0.814
Returns tax Front-loaded -0.070 0.106 0.404 1.332
Returns tax Linear -0.058 0.037 0.275 1.108
Returns tax Back-loaded -0.052 -0.024 0.154 0.892
Transfers Front-loaded -0.698 -0.442 -0.128 0.640
Transfers Linear -0.399 -0.279 -0.037 0.635
Transfers Back-loaded -0.165 -0.154 0.022 0.604

Notes: The lower-productivity specification sets ¢, = 0.1086,
corresponding to a 2.0 percent long-run output gain from a
sustained increase in public investment equal to 1 percent of
initial output. All other model parameters, debt paths, and
fiscal closures are unchanged. All three social discount fac-
tors are calculated from the saved cohort utility components
for each completed path. Entries are consumption-equivalent
variations in per cent. The first column aggregates date-0 in-
cumbent lifetime utility; the remaining columns also include
future entrants discounted by A. Household lifetime utility
uses 8 = 0.96. Bold entries identify the welfare-maximising
policy within each panel and column.
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E Two-State EGM Algorithm

This appendix describes the stationary endogenous-gridpoint algorithm used for the
household problem with liquid assets and human capital as endogenous state variables.
The algorithm extends the one-dimensional EGM of Carroll (2006) along the two-state
logic used in Auclert et al. (2021), but adapts it to the case in which the second endoge-
nous state is human capital rather than an illiquid financial asset. The transition-path
solver uses the same logic in backward induction, but here we focus only on the stationary

problem.

E.1 The Households’ Problem

For the purposes of the algorithm, it is convenient to write the household problem in
current-state notation. Let current states be (a, h,e), where a denotes liquid assets, h
human capital, and e the exogenous productivity state. The household chooses consump-
tion ¢, next-period assets a’, labour supply [, and next-period human capital h’ so as to

solve
Viahe) = s fule) + BB -2V F2b) () (42)
s.t.
c+ad +x=R(a)a+7 (w elg(h))l_T2 + 7o,

h = ,h + xx7,
140

1+06

a' > Qmin, n > 6uh, c—1 > 0, x>0, [>0.
Here g(h) = log(1l + h) in the baseline specification, and the gross return on current
liquid assets is piecewise because the model allows both an asset-income tax on positive

positions and a borrowing wedge on debt:

1+r(l—m7,) ifa>0,
Ray=¢ T (13)
14+r+7rP™  ifa<0.

First rewrite the human-capital investment function in implicit form. In the bench-

mark model,

o 1/
h—(shh) _ (44)

X
Let X1 (K, h) and Xy(h', h) denote its partial derivatives with respect to next-period and

r=X(N,h)= (

current human capital. The non-negativity restriction x > 0 is equivalent to the lower
bound A’ > d,h. The first-order conditions below allow for this bound through a Kuhn—
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Tucker multiplier; the interior algorithm applies when the multiplier is zero.
Next note that, because preferences are of the GHH form, labour supply is pinned down
statically as a function of (h,e) once prices and tax parameters are given. In particular,

labour supply solves

1/(0+T
(1—m)m (weg(h)) =] "™

(8

I(h,e) = (45)

Hence the dynamic problem can be reduced to one in the two endogenous state variables

(a, h) only. Define after-tax labour income net of the static labour choice by

z(h,e) = (wel(h,e) g(h)"™™ + 7, (46)
and let (. o140
D(h,e) = zp% (47)

denote the labour-disutility term implied by the static labour rule.
After substituting out labour supply, define the reduced flow-utility function

51—0’
(e = (18)
where
é(a,hye,d ;1) = R(a)a+ z(h,e) —a' — X(W',h) — D(h,e), (49)
and
W(d' W e)=BE[1—@)V(d,h, e)+wmbd)]el. (50)
The reduced Bellman equation is therefore
V(a, h,e) = max {u(c(a, h,e,a’, "))+ W(d', W', e)} (51)

{a’,n'}

subject to @’ > ayin, h' > 0ph, and ¢ > 0.
For the first-order conditions, let &, and &, be the Kuhn—Tucker multipliers on the

asset and human-capital lower bounds. The associated Lagrangian is

L=u(c)+W(d I, e)+&(d — amm) + (R — dph), (52)

with
ga 2 07 CI,/ — Qmin Z 07 fa(a/ - amin) = 07 (53)
620, B —6uh>0, & — k) =0. (54)

78



It is useful to define the derivatives of the continuation object as

Wa(d' W e)=BE|[(1—w)V,(d,h, e)+wb,(a) ]| €], (55)
Wi(d' 1 e) = B(1 —w@)E [Vi(a', b €) | €] . (56)

The death event therefore affects the continuation derivative with respect to assets,
through the bequest term, but not the continuation derivative with respect to human
capital.

The first-order conditions are
' (c(a,h,e,a' b)) =& +W(d' B e), (57)

and
u'(c(a,h,e,a’ b)) X (B h) =& + Wi(d', B e). (58)

Since @' (¢) = ¢ 7, the corresponding interior Euler equations are
éla,hye,a' ,0)~7 =W, (d', I e), (59)

and
cla,hye,a' ;)" 7X (B h) = Wy(d', B e). (60)
Dividing the two conditions yields the key EGM relationship

1 Wa(d', I, e)

= 61
Xy (W, h)  Wi(d, W e) (61)
which implicitly characterizes h'(a’, h,e) on the endogenous grid.
Away from the kink in the return schedule at a = 0, the envelope conditions are
Vi(a, h,e) = R(a)u'(¢(a, h,e,a', 1)), (62)

and

Vi(a, h,e) = [zn(h,e) — Dp(h,e) — Xo(h', h)] W (¢(a, h,e,a’, 1)) — 64 (63)

At a = 0, the asset envelope is interpreted using the corresponding one-sided return.

E.2 Stationary Algorithm

The stationary algorithm follows Auclert et al. (2021) and proceeds as follows.

1. Initial guess. Make initial guesses for the derivatives of the value function,
Vo(d' 1 e') and Vi, (a', b/, €'), on the full (e, a,h) grid.
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2. Common ¢’ — e step. Compute the discounted expectation using the exogenous

transition matrix:

Wo(d' b e) = BE[(1 — @)V, (d', I, €e) + @b, (d') | €], (64)
Wi(d' ' e) = (1 —@)E [Vi(d' 1, e) | e]. (65)

3. Unconstrained h' — h. Assume first that both lower bounds are slack, so &, =

&, = 0. The two Euler equations imply

¢ =Wu(d, N, e), (66)
X (W h) = Wy(d, W e). (67)
Dividing the two equations gives
1 Wa /7 hl?
_ Wald,We) (68)
Xi(W,h)  Wp(d,k,e)

Define W(d B )

Fh i, d,e) = Wal@, 1) = 0. (69)

C Wil le) X (W, R)
This defines an implicit mapping h’(a’, h, e), which is obtained by interpolation over

the human-capital grid. Once this mapping is known, effective consumption is
éld hye) = Wy(d B e)~V7, (70)
and goods consumption is recovered as

c(a’,h,e) =é(a', h,e) + D(h,e). (71)

4. Unconstrained ¢’ — a. Use the budget constraint together with A'(a’, h,e) and

c(a’, h, e) from the previous step to construct the endogenous current-asset mapping:
R(a)a =d' +c(d',h,e) + X (W (d', h,e),h) — z(h,e). (72)

Inverting this relationship by interpolation yields the unconstrained policy rules
a'(a,h,e) and h'(a, h,e). Since R(a) is piecewise, the inversion is carried out over

the relevant current-asset region implied by the return schedule.

5. Liquidity-constrained h’ — h. This branch proceeds analogously, but now set

a = ayin and allow for a positive multiplier §, > 0, while maintaining &, = 0.
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Define the scaled multiplier

€a
= 73
" Wa(aminv hla 6) ( )
The first-order conditions become
¢ =1+ k)Wo(ampm, I, e), (74)
X (W, h) = Wi(amin, I, €). (75)
Dividing again gives
1 (1 + £)Wo(amin, I, €) (76)
X1<h,7 h’) B Wh(amim hl? 6) .
Define a T o) .
+ K Qi e
F h h/ — a min» 7 _ — O. 77
€)= g i Hre) () )
Solving this equation by interpolation yields h'(k, h,e) and
&, hy€) = [(1+ K)Woa(amin, B, €))7, (78)
from which goods consumption is
c(k,h,e) = é(k,h,e) + D(h,e). (79)

. Liquidity-constrained x — a. Use I/(k, h, e) and ¢(k, h, €) from the previous step

together with the budget constraint to construct the mapping
R(a)a = amin + c(k, h,e) + X (W' (K, h,e),h) — z(h,e). (80)

Inverting this relationship yields k(a, h,e) and therefore the constrained human-
capital policy h'(a, h,e) at the borrowing limit. By construction, the asset policy in

this branch is a/(a, h, €) = amyin-

. Human-capital lower bound. In the calibrated solution, the interpolated policy
satisfies b’ > d,,h at all occupied states. The human-capital lower bound is therefore
inactive there, so the two branches above set &, = 0. If the bound were active, the

complementary-slackness conditions would require an additional branch.

. Update guesses. The final asset policy is the element-wise maximum of the un-
constrained and borrowing-constrained asset choices. At the same grid points, the

human-capital policy is replaced by the constrained branch whenever the borrowing
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constraint binds. Effective consumption is then recovered from
é(a,h,e) = R(a)a+ z(h,e) —d'(a,h,e) — X (W (a,h,e),h) — D(h,e), (81)
and the envelope conditions imply
Vala, h,e) = R(a)é(a, h,e)™7, (82)
Vi(a,h,e) = [zn(h,e) — Dp(h,e) — Xo(h'(a, h,e),h)] é(a, h,e)~°. (83)

9. Iterate. Return to step 2 and repeat until the derivative updates converge.

F Asset Market Equilibrium

F.1 Asset market equilibrium in the benchmark model

This appendix derives the asset-market equilibrium condition for the benchmark model
with endogenous human capital.

We start from the interest-rate schedule

r=T 4, {exp (K+TB_A) - 1} ) (84)

where A denotes aggregate household asset holdings, K is the capital stock, B is govern-
ment debt, and Y is output. Thus NFA = K + B — A is the liabilities-positive external
borrowing position used in the main text.

Rearranging (84) gives aggregate asset demand:

Ad:K%—B—Yln(%). (85)

Dividing through by effective labour L yields

A K B Y [(¢.+r—T
(z) :f‘f'z—zln(—wr ) (86)

Using the production function,

we have



so that

A\Y K Y|[B U1 —T
— | ==4+—=|c—-In{———]|.
(2) =2zl () )
Letting 0 = B/Y denote the public-debt ratio, this can be written as
A K Y Up AT —T
- ==+—=|0-In{——|]|.
(2) =2zl ()] )
From the firm’s first-order condition,
K Z \T=
-5 (o1)
L T+
which implies
Y aZ T«
—=Z , 92
L <T + gp) (52)
Substituting (91) and (92) into (90) gives asset demand per unit of labour as a function

of the interest rate:

(- (2) o) e

On the supply side, aggregate household assets and effective labour are computed from

the stationary distribution:
A(’f‘) = /ai d>\ss(i>r)7 L(T) = /nzl, d)\ss(i,’l“). (94)
Hence asset supply per unit of labour is

(3) w28 (95)
©

Asset-market equilibrium is defined by

(7) - (%) (n). (96)

Figure F1 plots the functions (%)d (r) and (£)° (r) for the benchmark model over a

range of interest rates.
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Figure F1: Asset demand and asset supply in the benchmark model.
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