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Abstract

Recent work on optimal policy in sticky price models suggests that demand
management through fiscal policy adds little to optimal monetary policy. We explore
this consensus assignment in an economy subject to ‘deep’ habits at the level of
individual goods where the counter-cyclicality of mark-ups this implies can result
in government spending crowding-in private consumption in the short run. We
explore the robustness of this mechanism to the existence of price discrimination
in the supply of goods to the public and private sectors. We then describe optimal
monetary and fiscal policy in our New Keynesian economy subject to the additional
externality of deep habits and explore the ability of simple (but potentially non-
linear) policy rules to mimic fully optimal policy.
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e Keywords: Monetary Policy, Fiscal Policy, Deep Habits, New Keynesian.

1 Introduction

Recent work looking at optimal monetary and fiscal policy in sticky-price New Keynesian
models (see, for example, Schmitt-Grohe and Uribe (2004a) and Benigno and Woodford
(2003)) typically finds that fiscal policy should be largely devoted to ensuring fiscal
solvency, while monetary policy plays a demand management role.! In the context of
a benchmark sticky wage and price New Keynesian economy, Eser, Leith, and Wren-
Lewis (2009) demonstrate analytically that the government spending gap should always

be zero even if nominal frictions imply that it is optimal for monetary policy to support
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a non-zero output gap.? In other words, provided there are no constraints on monetary
policy, demand management through changes in government spending relative to its
efficient level contributes little or nothing to the stabilisation problem in a benchmark
New Keynesian economy. The current paper explores the robustness of this result in
the context of a New Keynesian model of monetary and fiscal policy where households
possess ‘deep habits’ as in Ravn, Schmitt-Grohe, and Uribe (2006), where the habits
are formed at the level of individual goods rather than the households’ overall level of
consumption (‘superficial’ habits).

The introduction of deep habits to the benchmark New Keynesian model is impor-
tant in two key respects. Firstly, when habits exist at the level of individual goods it
implies that price setters face dynamic demand functions such that pricing decisions are
dynamic and mark-ups become countercyclical in line with the empirical evidence. The
counter-cyclicality of mark-up behaviour in turn implies that consumption and wages
can respond positively to positive government spending shocks, in contrast to models
without deep habits where government spending typically crowds out private consump-
tion. In other words, the fiscal policy transmission mechanism can be quite different
from that when habits are either absent or superficial, and there are a number of em-
pirical studies which argue that such correlations are more consistent with the data -
Ravn, Schmitt-Grohe, Uribe, and Uuskula (2008) review this empirical evidence and ar-
gue that deep habits are an effective mechanism for capturing this feature of the data.?
Secondly, the habits externality, whereby households do not take account of the impact
of their consumption decisions on the welfare of others, implies that there is a signif-
icant additional distortion in the economy beyond those associated with monopolistic
competition and nominal inertia. As a result, there may be a potential role for fiscal
stabilisation policy alongside monetary policy in such an economy.

In order to explore the relative contribution of monetary and fiscal policy to macro-
economic and fiscal stabilisation, we construct a sticky-price New Keynesian economy
along the lines of Benigno and Woodford (2003), where households provide labour to
imperfectly competitive firms who are only able to change prices after a random interval
of time. As in Benigno and Woodford (2003), taxes are distortionary. We begin explor-
ing the fiscal policy transmission mechanism by varying the relative extent of habits in
private and public goods consumption and by allowing firms to discriminate between
pricing for private and public goods. In light of these results, we then assess the ability
of fiscal policy to stabilise an economy with price-stickiness, monopolistic competition
and deep habits in private and public consumption. In doing so, unlike Benigno and

Woodford (2003), we also allow government spending to be used as a policy instrument,

2Where, in the context of describing optimal policy, we define a gap as being the deviation of a
variable from its efficient level, i.e. the level which would be chosen by a social planner unconstrained
by the decentralised equilibrium.

% Although Ramey (2008) argues such results are driven by the failure of VARs to correctly capture
the timing of fiscal shocks.



rather than treating it as an exogenous stream which needs to be financed.

In the next section, we describe our model. Section 3 then examines the fiscal policy
transmission mechanism, before we explore optimal stabilisation policy. We find that
although government spending shocks can crowd in private sector consumption in the
short-run, such effects really only emerge at high levels of deep habits formation and
common pricing across goods sold to the private and public sectors. When we turn
to augmenting optimal monetary policy with the government spending instrument, we
find that this instrument adds very little to stabilisation policy even in our sticky price
economy with a significant consumption externality.

Further enriching the policy problem to include government debt and consider dis-
tortionary taxation to be a policy instrument, we find that it remains optimal to allow
steady-state government debt to follow a random walk.? At the same time monetary
policy essentially acts to stabilise the consumption gap in the face of technology shocks
and tax policy deals with the mark-up shocks and the consumption externality, without
generating inflation in either case.

In the final section, we examine the determinacy properties of simple monetary and
fiscal rules, before assessing the ability of such rules to mimic the fully-optimal Ramsey
policy. We find that the usual classification of the determinate active and passive policy
rules due to Leeper (1991) depends upon the extent of deep habits formation present.
Our analysis also shows that while optimised simple monetary policy rules imply little
role for linear terms in output, allowing the fiscal rules to respond to output AND
allowing either the monetary or fiscal rules to be non-linear, such that they respond

differently to booms and recessions, enables them to better mimic the Ramsey policy.

2 The Model

The economy is comprised of households, two monopolistically competitive production
sectors, and the government. The households derive utility from the consumption of both
private and public goods. There is a continuum of final goods of each type, with each final
good being produced as an aggregate of a continuum of intermediate goods. Households
form external consumption habits at the level of the individual private/public final goods
in their baskets - Ravn, Schmitt-Grohe, and Uribe (2006) call this type of habits ‘deep’.

Furthermore, we assume price inertia at the level of intermediate goods producers.

2.1 Households

The economy is populated by a continuum of households, indexed by &k and of measure
1. Households derive utility from consumption of composite private and public goods

and disutility from hours spent working.

*As in, for example, Benigno and Woodford (2003), Schmitt-Grohe and Uribe (2004a), and Leith
and Wren-Lewis (2007).



Deep Habits When habits are of the deep kind, each household’s private consumption
basket, X[, is an aggregate of a continuum of habit-adjusted final goods, indexed by 4

1 N
Xf = (/ (Cﬁf _901‘th> ! di>n ;
0

where Cﬁ is household k’s consumption of good i and Cj = fol C’iktdk‘ denotes the cross-

and of measure 1,

sectional average consumption of this good. 7 is the elasticity of substitution between
habit-adjusted final goods ( > 1), while the parameter § measures the degree of external
habit formation in the consumption of each individual private good 4. Setting 6to 0
returns us to the usual case of no habits in private consumption.

The composition of the consumption basket is chosen in order to minimize expendi-

tures, and the resultant demand for an individual final goods is
k PC - k
t

where Ptc represents the overall price index (or CPI), defined as an average of prices of
_ 1/(1-n)

private final goods, PC = ( fol (Pg)l K di) . Aggregating across households yields

the total demand for good 4, i € [0, 1],
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P
Due to the presence of habits, this demand is dynamic in nature, as it depends not
only on current period elements but also on the lagged value of consumption. This, in
turn, will make the pricing/output decisions of the firms producing these final goods,

intertemporal.

Remainder of the Household’s Problem For the remainder of the households’
problem, households choose the habit-adjusted private consumption aggregate, X,f“,
hours worked, Ntk, and the portfolio allocation, Dfﬂ, to maximize expected lifetime

utility,
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subject to the budget constraint,
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and the usual transversality condition. F; is the mathematical expectation conditional

on information available at time ¢, § is the discount factor (0 < g < 1), x the relative



weight on disutility from time spent working, ¥ the relative weight on utility from con-
sumption of public goods, and ¢ and v are the inverses of the intertemporal elasticities
of habit-adjusted consumption and work (o,v > 0; o # 1). The household’s period-¢
income includes: after-tax wage income from providing labour services to intermediate
goods producing firms (1 — 74) WtNtk , dividends from the monopolistically competitive
firms ®;, and payments on the portfolio of assets Df. Financial markets are complete
and Q¢ ¢+1 is the one-period stochastic discount factor for nominal payoffs. 7; is the labor
income tax rate. In the maximization problem, households take as given the processes
for Cy_1, Wy, ®;, and 7, as well as the initial asset position D* 1

The first order conditions for labour and habit-adjusted consumption are:
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where w; = %% is the real wage (see Appendix A for further details). The Euler equation
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for consumption can be written as
where R, L= R [Qt,t+1] denotes the inverse of the risk-free gross nominal interest rate

1 = BE,

between periods t and ¢ + 1.

2.2 The Government

Deep Habits While it is natural to think of households failing to internalise the
impact of their consumption decisions on the utility of others, it is less obvious that
government spending decisions are subject to a similar externality if spending is on
global public goods. However, if public goods are local then the externality in govern-
ment consumption can occur at a local level. Controversies over ‘post-code lotteries’ in
health care and other local services (Cummins, Francis, and Coffey (2007)) and com-
parisons of regional per capita government spending levels (MacKay (2001)) suggest
that households care about their local government spending levels relative to those in
other constituencies. We therefore allow for these effects in public consumption, but
will assess how optimal policy varies as we alter the extent of such externalities. It is
important to note that, although the national government is aware of the externality
in the households’ perception of public goods provision, in allocating public spending

across goods, they are bound by the experience of that spending within each house-



hold. In other words, this is not a model of pork-barrel politics where local politicians
over-provide local services which are financed from universal taxation®, but simply one
in which public goods are local in nature and households care about the provision of
individual public goods in their constituency relative to other constituencies.
Assuming, for simplicity, that each household defines an area associated with a local
public good, the government decides for each household on the provision of individual
public goods so as to maximize the aggregate XtG * that enters household ks utility

function, given the allocated level of aggregate spending, G;;—1, from the previous period,
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Since final goods producers could potentially discriminate between sales to the private
and the public sectors, we allow for a distinct set of public final goods prices, {Pg}z, and
a corresponding price index, PtG. o< gives a measure of the level of habits formation
in the consumption of public goods. In the maximization problem, the government
takes as given the past consumption of individual public goods, as it respects the habits
formation behaviour of households. The demand for public goods i, i € [0,1], by

household/constituency k is
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where PtG is the average of public goods prices, PtG = ( fol (Pg) 1= dz') e Aggregating

across all households/constituencies obtains the overall demand for public goods i,
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which is also dynamic in nature.

Government Budget Constraint Combining the series of the representative
consumer’s flow budget constraints, (2), with borrowing constraints that rule out Ponzi-
schemes, gives the intertemporal budget constraint (see Woodford (2003), chapter 2,
page 69),

ZEt[PTCT] < D; + Z Ei[Qer(®r + WrNp(1 —77))].
T—t T—t

®For a model of pork-barrel politics with vote-trading and alternative voting mechanisms, see Chari
and Cole (1995).



Noting the equivalence between factor incomes and national output,
PEYE 4+ PEY,S = WyN, + ®r,

and the definition of aggregate demand, we can rewrite the private sector’s budget
constraint as,

oo
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T=t
which implies that some combination of monetary accommodation, distortionary taxa-
tion and spending adjustments is required to service government debt as well as stabilise
the economy.® Noting that, in aggregate, the households’ net portfolio consists of gov-

ernment bonds Dy = B; allows us to write the flow budget constraint as,
Bt+1 = Rt(Bt + PtGGt — WtNtTt) (3)

or in real terms,

cv-1, PE
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2.3 Firms

In this subsection we consider the behaviour of firms. These are split into two kinds:
final and intermediate goods producing firms, respectively. Final goods producers may
also differentiate their output/pricing decisions according to the which sector they are
supplying, private or public. Intermediate goods firms produce a differentiated inter-
mediate good and are subject to nominal inertia in the form of Calvo (1983) contracts.
This structure is adopted for reasons of tractability, allowing us to easily explore dif-
ferent degrees of price discrimination and habits across private and public consumption
goods in a sticky price environment. Additionally, combining optimal price setting un-
der both Calvo contracts and dynamic demand curves would undermine the desirable
aggregation properties of the Calvo model as each firm given the signal to re-set prices
would set a different price dependent on the level of consumption habits their prod-
uct enjoyed relative to other firms’. By separating the two pricing decisions we avoid
reintroducing the history-dependence in price setting the Calvo set-up is designed to
avoid. In contrast, Ravn, Schmitt-Grohe, Uribe, and Uuskula (2008) use the quadratic
adjustment cost model of Rotemberg (1982) to introduce nominal inertia to a model

with deep habits - while this allows them to introduce price stickiness at the level of

Tn sections 3.1 and 3.2 below, we temporarily abstract from the fiscal financing needs of the gov-
ernment by allowing access to lump-sum taxation. We do so in order to explore the implications of
removing government debt from the policy problem, before excluding lump-sum taxes and returning to
the more realistic case where all taxes are distortionary.



final goods firms, it removes the price dispersion that is a major cost in our model with
Calvo (1983) contracts.” This is not a concern in their analysis as they are interested in
the empirical properties of the deep habits model, rather than describing optimal policy

as we do.

2.3.1 Final Goods Producers

We assume that final goods (of either type) are produced by monopolistically competitive

firms as an aggregate of a set of intermediate goods (indexed by j), according to the

Yie = ( /0 L) dj) - (4)

where ¢ is the constant elasticity of substitution between inputs in production (¢ > 1)

function

and Yj; represents the total amount of final goods produced (i.e. the sum of private and
public final goods, Y;; = thc + Yf)

Taking as given intermediate goods prices {Pj; } j and subject to the available tech-
nology (4), firms first choose the amount of intermediate inputs {Yji}; that minimize

production costs fol P;;1Yjidj. The first order conditions yield the demand functions

Pjir\ © .
}/}it = m le'ta V.]> VZ7 (5)
Py

1
where PJ' = ( fol leit_adj> "% is the aggregate of intermediate goods prices in sector i
and represents the nominal marginal cost of producing an additional unit of the final

good 1.

Deep Habits The nominal profits from producing private goods are given as,
;= (Pf = Pi') Vi,

and those from producing public goods as,

fbg = (Pz? - zT) thGa

where we distinguish between the prices charged for public goods and private goods to

allow final goods producing firms to price discriminate between the two sectors. We also
consider what happens when such price discrimination is not possible.

When habits in both types of goods are of the deep kind, the respective demand

functions are dynamic in nature, which renders the firms’ profit maximization problem

intertemporal — in setting prices, firms take account of the subsequent effects on market

"Lombardo and Vestin (2008) show that the welfare costs of Calvo (1983) contracts are typically
higher than under Rotemberg (1982) when the steady-state is inefficient, as is the case in our model.



share driven by habit formation. Firms choose processes for Pg and Yf (for Z =
o0

C, G) to maximize the present discounted value of profits, E; Z Qt7t+s‘l>l-zt 4 under the
s=0
restriction that all demand be satisfied at the chosen price, Z;; = Y;Z. Formally, we

have:

[ee] [ee]
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and the first order conditions are:
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where v;; and vg are the Lagrange multipliers on the dynamic demand constraints and
represent the shadow prices of producing private and public good %, respectively. These
shadow values equal the marginal benefit of additional profits from each type of good,
PS — P and P§ — PI, respectively, plus the discounted expected payoffs from higher
future sales, OF; [Q¢¢+1vit+1] and 0% E, [Qt,tﬂvg +1]. In the presence of deep habits in
consumption increasing sales to the private (public) sector leads to an increase in sales
of 6 (6%) in the next period. The other first order conditions indicate than an increase
in price P§ (PY) brings additional revenues of ;¢ (Y,$) while simultaneously causing
a decline in demand given by the terms in square brackets and valued at the respective
shadow prices.

In contrast, if we do not allow final goods producers to discriminate between private

and public purchases of their products then the first order conditions reduce to,
vit = (P§ = P') + 0B [Q410ir41]

v = (P — P7) + 0B, [Q 41105 41]
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with the additional constraint that PZ-? = Pg . The combined first order condition
indicates that the common price should be increased until the extra revenue generated

by selling to both sectors, Y;tc + Y;f, matches the value of the decline in demand.

2.3.2 Intermediate Goods Producers

The intermediate goods sectors consist of a continuum of monopolistically competitive
firms indexed by j and of measure 1. Each firm j produces a unique good using only

labour as input in the production process
Yjit = At Njis. (6)

Total factor productivity, As, affects all firms symmetrically and follows an exogenous
stationary process, In Ay = pIn A1 + g{‘, with persistence parameter p4 € (0,1) and
random shocks g ~ #idN (0,0?4).

Firms choose the amount of labour that minimizes production costs, W;Nj;;. The

minimization problem gives a demand for labour Nj; = XJJZ and a nominal marginal
cost MCy = Am:, which is the same across firms. Nominal profits are expressed as
Qi = (Pjir — MCy) Y.

We further assume that intermediate goods producers are subject to the constraints
of Calvo (1983)-contracts such that, with fixed probability (1 —«) in each period, a
firm can reset its price and with probability « the firm retains the price of the previous
period. When a firm can set C)tohe price, it does so in order to maximize the present
discounted value of profits, F; Z a®Qtt+sPjit+s, and subject to the demand for its own

s=0
good (5) and the constraint that all demand be satisfied at the chosen price. Profits are

discounted by the s-step ahead stochastic discount factor Q15 and by the probability
of not being able to set prices in future periods.

Optimally, the relative price satisfies the following relationship:

. E Yy (aB)’ (Xigs) T merys (P) Yiers
Py ( &t ) s=0
PC \¢& -1 o0 . . 1
’f Er Y (@B) (Xews) " (52) (P) Yarws
s=0

where mc; = % is the real marginal cost. Following Ireland (2004), we allow the
t

desired mark-up, 55—117 to be time varying by allowing for shocks to the mark-up

implied by the elasticity of substitution between intermediate goods, where In (¢,) =

(1= py)In(e) + p, In(§_1) + 0f* and o} is an i.i.d. shock with zero mean and a vari-

10



ance of o2,. Ireland (2004) finds, in the context of a benchmark New Keynesian model,
that mark-up shocks are more important than technology shocks in driving movements
in inflation and, for anything beyond relatively short time horizons, the output gap.
Furthermore, the mark-up shock is also used as a device to generate policy trade-offs
between output gap and inflation stabilisation in the benchmark New Keynesian model,
where the nominal inertia costs of technology shocks can easily be avoided through an
appropriate monetary policy response. While our model with deep habits and fiscal
policy contains additional distortions, such that technology shocks also present policy
makers with trade-offs, it is interesting to consider the impact of mark-up shocks on the
description of optimal policy.

P} represents the price at the level of sector ¢ and is an average of intermediate
goods prices within that sector. With « of firms keeping last period’s price and (1 — «)

of firms setting a new price, the law of motion of this price index is:

(P =a(Pry) "+ 1 —a) (Py)' .

This description of intermediate goods firms is the same irrespective of nature of final

goods pricing to consumers or the government.

2.4 Equilibrium

In the absence of sector-specific shocks or other forms of heterogeneity, final goods
producers are symmetric and so are households. However, symmetry does not apply
to intermediate goods producers who face randomness in price setting. There is a
distribution of intermediate goods prices and aggregate output is therefore determined

as (see Appendix B for details on aggregation)

N,
Y=Y Y= A~ (7)
Ay
1 —€
Ay = (ZZ”> dj is the measure of price dispersion, which can be shown (see Wood-

ford (2003), Chapter 6) to follow an AR(1) process given by

Ar=(1—a) ( gi)g b (7T Ay, (8)

Note that we have three measures of aggregate prices, a producer price index P},
the usual consumer price index PC, and the index of the prices of goods supplied to the
government P, and consequently, there will be three measures of inflation. We define:

_
7.‘.?’1, = Ptvtﬁ17 7TtG’

PG pe . . .
= 5¢— and Ty = S Furthermore, the three inflation variables are
t—1 t—1
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related according to the following relationship

c G
o = 7th/%t—l _ tGMt—l 9)
He ni

where [Ltc = % and ,utG = g:i are the markups of final private and public goods produc-
ers, respectively. In the presence of deep habits, these markups are time-varying. The
overall markup in the economy is given by the product of markups in the intermediate
goods and final goods sectors.

Finally, the aggregate version of the household’s budget constraint (2) combines
with the government budget constraint (3) and the definition of aggregate profits (®; =

PEYE + PEYY — Wi N;) to obtain the usual aggregate resource constraint,
PEYC + PEYE = PEC, + PEG,. (10)

The equilibrium is then characterized by equations (7) - (10), together with the
government budget constraint and the equilibrium conditions defining the households’
and the firms’ behaviour (Appendix B lists the entire set of equilibrium conditions), to
which we add the monetary and fiscal policy specification (as detailed in Sections 3 and
4 below).

2.5 Solution Method and Model Calibration

Since we are ultimately interested in assessing the welfare benefits of allowing fiscal
policy to contribute to the stabilisation of our New Keynesian economy featuring deep
habits, we cannot rely on linear approximations to our model’s equilibrium conditions
when evaluating optimal policy. Kim and Kim (2003) have shown that such approxima-
tions can give rise to spurious welfare rankings amongst alternative policies. Instead, we
employ the perturbation methods of Schmitt-Grohe and Uribe (2004b) to obtain a sec-
ond order accurate solution to the model which can be used to validly rank the welfare
consequences of alternative policies. Levine, Pearlman, and Pierse (2008) show, in the
context of a New Keynesian model subject to superficial habits of a magnitude similar to
the deep habits we consider here, that attempting to compute optimal monetary policy
using a linearised model can introduce significant errors relative to the case where the
optimal policy is based on a second-order accurate solution to the model.

In order to solve the model, we must select numerical values for some key structural
parameters. Table 1 reports our choices, which are similar to those of other studies
using a New Keynesian economy with habits in consumption. The model is calibrated
to a quarterly frequency and we assume an annual real rate of interest of 4%, which
implies a discount factor 8 of 0.9902. The risk aversion parameter ¢ is set at 2.0, while

v equals 0.25%, and the relative weight on labour in the utility function y is assumed

84 is the inverse of the Frisch labour supply elasticity. While estimates of this elasticity vary quite

12



to be 3.0, while & is 0.111. Consistent with the empirical evidence, the level of price
inertia « is 0.75 and we set n = ¢ = 11 which implies a degree of market power of 1.21,
split approximately equally between the two monopolistically competitive sectors of our
economy. For the habits formation parameters 6 and 0°, we use a benchmark value
of 0.65, which falls within the range of estimates identified in the literature®, but we
allow for different possible values in the [0, 1) interval as we conduct sensitivity analyses
of our results. We further assume a steady state government debt to GDP ratio that
corresponds to an annual average of 60%. Under the Ramsey optimal policy, the implicit
steady state tax rate takes an empirically plausible value of 0.35 under no habits and 0.31
under the benchmark calibration of habits, reflecting primarily the fiscal financing role of
taxes.'? Technology shocks are assumed persistent with persistence parameter p, = 0.9
and standard deviation o4 = 0.009, while the mark-up shocks in the intermediate goods
sector follow the estimated process in Ireland (2004), p,, = 0.9625 and o, = 0.0012. In
the case of an exogenous government spending process, its characteristics are given by
pc = 0.9 and og = 0.014.

3 Optimal Ramsey Policy

In this section, we consider the nature of optimal policy in response to exogenous shocks.

The optimal policy problem can be set up in terms of a Lagrangian as,

(0.0
Lo= maxEy Y _ AUY141,¥1 Yeo1, W) = M (Y141, Y1 Vi1, 1)
t=0

where y; and u; are vectors of the model’s endogenous and exogenous variables, respec-

. )1 N LY X&)
tively, U(yes1,¥1, ¥11, 1) = " — y{ flv +XG( T )g s (Y1, Y6 Vi1, 1) = 0

are the model’s equilibrium conditions (equations (19) - (39) in Appendix B), and A; is

a vector of lagrange multipliers associated with these constraints.

The optimisation implies the following first order conditions,

U ()
Iyt

5 W) et rt 2 a2, p O]

Oyi—1 Yi+1 8 Yi-1
(11)

where F is the lead operator, such that F~! is a one-period lag. A second-order accurate

+ BF

widely, we follow the macroeconomic literature in using a larger value, similarly to Gali, Lopez-Salido,
and Valles (2007).

9Macro-based estimates of habits formation of the superficial type range from 0.59 as in Smets and
Wouters (2003) to very high values of 0.98 as reported by Bouakez, Cardia, and Ruge-Murcia (2005).
For the deep type of habits, Ravn, Schmitt-Grohe, and Uribe (2006) give a value of 0.86. Micro-based
estimates (see, for example, Ravina (2007)) are substantially lower, with a range of 0.29-0.5.

10Tn the case where the government has access to lump-sum taxes to balance the budget, the optimal
steady state tax rate would be —0.21 with no habits, reflecting the long-run inefficiency due to monopo-
listic competition, and a very large 0.57 under the benchmark value of habits, reflecting the consumption
externality.
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solution to optimal policy then involves solving these first order conditions in combina-
tion with the non-linear equilibrium conditions of the model, f(yst1,¥s,¥s_1,us) = 0,
using the perturbation methods of Schmitt-Grohe and Uribe (2004b).

We measure the welfare cost of a particular policy as the fraction of permanent con-

sumption that must be given up in order to equal welfare in the stochastic economy to
that of the steady state, Eo Y. Bu (X¢, Ny, X&) = (1 — B) tu ((1 -0)(1-¢)C,N,XC).
t=0

N—

Given the utility function aaopted, the expression for  in percentage terms is

_ [1 _@-96re @]_ﬁ] % 100,
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where © = (1-3)W + X]\lf:U —x¢ ——— and W = Ep ) Blu (Xt,Nt,XtG) repre-
=0

sents the expectation of lifetime utility in the stochastic equilibrium, conditional on the
economy being in the Ramsey non-stochastic steady state in the first period.!!

In order to explore the contribution of fiscal policy instruments to optimal stabil-
isation in a sticky price economy featuring deep habits, we gradually introduce fiscal
considerations to the policy problem. To begin with, we consider the nature of the fiscal
policy transmission mechanism by introducing exogenous government spending shocks
to a model variant where monetary policy is optimal. This allows us to explore the
crowding-in results of Ravn, Schmitt-Grohe, and Uribe (2006) in an economy where
monetary policy is conducted optimally and where we can make different assumptions
about the pricing of private and public goods. We then allow government spending to
be varied as part of optimal policy, to assess whether or not government spending (as
a proxy for the manipulation of aggregate demand through fiscal policy) contributes to
stabilisation policy. In both cases, we temporarily abstract from fiscal solvency issues
by assuming the policy maker has access to a lump-sum tax through which to balance
the budget. We then relax this assumption and consider the optimal policy response
to technology and cost-push shocks, when taxes are distortionary and Ricardian equiv-
alence no longer holds. In all cases, we consider optimal policies with commitment.
Finally, in Section 4 we explore the ability of potentially non-linear, but simple policy

rules to replicate the Ramsey policy.

3.1 Exogenous Government Spending and Optimal Monetary Policy

We first consider the case when fiscal policy is exogenous, while monetary policy is
set optimally under commitment, and the government has access to lump-sum taxes
to balance its budget. We assume that government spending follows an exogenous

stationary process, InG; = (1 — pg)InG + pgInG—1 + th, with persistence parameter

1We opt for a conditional measure of welfare because the random walk properties of Ramsey policy,
that emerge in the presence of government debt (see Section 3.3), do not allow for the computation of
an unconditional welfare measure.
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pc € (0,1) and random shocks of ~ iid N (0, O'QG). Even though government spending is
exogenous, households still derive utility from the consumption of public goods and form
habits accordingly. The monetary authority sets the nominal interest rate to maximize
households’ welfare subject to the private sector’s response and given the exogenous
processes. We analyze the implications of this policy in terms of impulse responses to a

government spending shock.

A Positive Government Spending Shock Figure 1 details the impulse re-
sponses to a positive government spending shock in three cases - no habits, habits
of # = 0 = 0.65 and common pricing across private and public goods and, finally, the
same degree of habits, but with price discrimination across public and private goods.
Consider the case without habits: the increase in government spending results in an
increase in aggregate demand which the monetary authority offsets by raising real in-
terest rates and discouraging household consumption. The policy maker does this until
consumption falls so much that labour supply increases more than labour demand and
the marginal costs of production actually fall.

We then consider the case where household preferences include deep habits over
both private and public goods (0 = 0 = 0.65) and where the suppliers of these goods
are constrained to supply to the private and public sectors at the same price. Here,
the increased demand for goods tempts final goods suppliers to reduce their mark-ups
in order to capture a larger share of the increased overall product demand. Ceteris
paribus, this will tend to stimulate consumption. The policy maker encourages such
behaviour in the initial period by cutting the real interest rate and further encouraging
final goods suppliers to cut mark-ups and increase household consumption. This is
sufficient to actually result in the increase in government spending crowding in private
consumption. The reason why the policy maker behaves in this way is that the interest
rate cut boosts initial consumption which then supports subsequent consumption due
to the habits effect. This is desirable as it then allows the policy maker to toughen
subsequent policy without inducing significant deflation through falling marginal costs.

Finally, we consider a variant with the same degree of habits but where the final
goods producers can charge different prices to the private and public sectors. Here the
markup charged to the public sector is substantially reduced, but this does not affect
other variables as the government’s activities are financed by lump-sum taxation in these
impulse responses. Accordingly, the government spending shock does not have a direct
impact on the markup charged to the private sector’s consumption. This means that
there is no attempt by final goods suppliers to cut their mark-up and encourage private
sector consumption. As a result, despite the initial cut in the real interest rate, there is
no crowding in of private sector consumption.

The crowding-in effects are effectively the result of the common pricing behaviour

by final goods producers combined with sufficient degrees of habits formation in either
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private, or private and public goods consumption. The crowding-in effects disappear if,
for example, private goods consumption habits are at their benchmark level, 8 = 0.65,
but habits in public goods consumption are smaller, for example 0% = 0.2. However,
as the markup effects on private consumption are important in generating these results,
higher degrees of habits formation in private consumption can restore the crowding-
in effects (the dash-dot impulse responses in Figure 2 show a crowding in effect when
0 = 0.85, even in the absence of habits in public goods consumption, 6% = 0). It should

be noted, however, that these effects are quantitatively small.

3.2 Endogenous Government Spending and Optimal Monetary Policy

In this subsection, we analyse the optimal policy response to technology and mark-
up shocks, where the nominal interest rate and government spending serve as policy
instruments. We continue to ignore the budgetary consequences of policy by assuming

fiscal authorities have access to a lump-sum tax with which to balance the budget.

A Technology Shock Figure 3 analyses the response to a positive technology
shock and includes three cases - no habits effects and the case of deep habits with either
common or discriminatory pricing across private and public goods. In the absence
of habits effects, policy seeks to eliminate the inflationary consequences of the shock,
leaving consumption, government spending and output suboptimally low due to the
distortionary effects of monopolistic competition. If the policy maker were forced to
behave in a time consistent manner, then this permanent distortion would result in an
inflationary bias, but under commitment the policy maker is able to resist the temptation
to introduce policy surprises in order to offset this distortion.

When we introduce significant deep habits effects, the nature of the distortion
changes as households now over-consume, due to the habits externality, thus imply-
ing a significant consumption and output gap (the difference between actual output and
the efficient level of output, as a percentage of the efficient level'?) of almost 30%. In
the face of this enormous externality, monetary policy no longer seeks to solely sta-
bilise inflation. Real interest rates are slowly relaxed, and consumption and output
rise. The rates are not cut as aggressively as in the absence of deep habits, as the
markup would fall further encouraging more undesirable consumption, and the policy
maker is prepared to suffer an initial fall in inflation. In fact, monetary policy may
even be tightened initially, when habits formation effects are substantial, as is the case
under the benchmark calibration. The government spending gap is very small relative to
the massive consumption/output gaps, mirroring the findings in Eser, Leith, and Wren-
Lewis (2009) who demonstrate, in the benchmark New Keynesian model without habits,

that government spending contributed little to macroeconomic stabilisation. Given the

12Gee Appendix C for the details of the social planner’s problem.
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size of the consumption externality in this model with habits, it is difficult to think of
circumstances where aggregate demand management through fiscal policy is likely to
contribute significantly to macroeconomic stabilisation unless use of monetary policy is
constrained, for example due to the zero lower bound on nominal interest rates or due

to participation in a monetary union.

A Mark-Up Shock We then consider the response of policy to a markup shock,
taken as a 1% increase in §,, which represents a decrease in the intermediate goods
producers’ desired markup. In this case, the policy maker faces a trade-off between
inflation and output stabilization even in the absence of habits as inflation falls while
output rises. With little change in government spending, interest rates are initially raised
in order to reduce aggregate demand and the size of the output gap, while allowing for
additional deflation. This is illustrated by the dotted lines in Figure 4.

In the presence of deep habits, the initial tightening of monetary policy is even
stronger, as the policy maker attempts to curb the large output gap that can ensue due
to over-consumption effects. The increase in real interest rates discourages consumption
but also makes final goods producers raise markups, as they discount the lost future
profits that such price increases entail more strongly. This increase in markups further
subdues consumption, while at the same time being sufficiently strong to make inflation
increase in equilibrium. The subsequent relaxation of policy reduces markups and hence
inflation but at the cost of increased consumption and output gaps. At the same time,
the government spending gap remains small relative to the consumption and output
gaps. While the ability to price discriminate across private and public goods does not
have much bearing on the results'®, the time-varying markups that arise under deep
habits are shown to play an important role in the optimal policy response to cost-push

shocks.

3.3 Optimal Monetary and Fiscal Policy

We now turn to the analysis of optimal Ramsey policy when policy makers have control
over monetary policy and both fiscal policy instruments - government spending and
income taxes, but where they no longer have access to lump-sum taxes to satisfy the
government’s budget constraint. It is important to note that, if we did continue to
remove the need to adjust either government spending or distortionary taxes to satisfy
the intertemporal budget constraint, then the policy maker can achieve the first best
allocation using the income tax instrument to offset the consumption externality and
the mark-up shocks, while using the interest rate to offset the nominal inertia costs of
technology shocks.

Before considering the response to technology and mark-up shocks, it is interesting

to consider the initial steady-state of the Ramsey policy. This is computed by solving

3 Tmpulse responses across the two types of pricing behaviour are virtually the same.
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the steady-state of the Ramsey first order conditions and the equilibrium conditions
describing our New Keynesian economy, conditional on an initial government debt to
GDP ratio. In the case of our model without habits, the combination of the monopolistic
competition and tax distortions suppresses output below its socially efficient level. In-
terestingly, the optimal policy implies that the absolute size of the government spending
gap is significantly smaller than the consumption gap. The intuition for this pattern lies
in the desire to support the debt stock with the optimal combination of gap variables
without generating any steady-state inflation. In the case of habits, the consumption
externality renders the level of output too high despite the presence of monopolistic
competition and distortionary taxation. As a result the consumption and government
spending gaps are positive, but the consumption gap is twice the size of the government
spending gap.

We now turn to consider the case where the policy maker utilises monetary and
fiscal instruments to stabilise both the economy and the government’s finances in the
face of technology and cost-push shocks, in an environment where the policy maker
faces multiple trade-offs. Figure 5 details the response to a 1% positive technology
shock. A key element of the policy response is that the steady-state of government
debt follows a random walk as in Benigno and Woodford (2003), Schmitt-Grohe and
Uribe (2004a), and Leith and Wren-Lewis (2007). The basic intuition for this is that in
a sticky-price environment adjusting fiscal instruments to offset fiscal shocks is costly,
such that policy makers ensure that policy instruments are adjusted to service the new
steady-state debt that emerges following shocks, but the policy maker commits to not
attempting to do more. In the absence of habits, gap variables are adjusted to their
new steady-state values from the second period onwards, and debt slowly evolves to its
new steady-state consistent with those variables. Real interest rates are adjusted in the
face of the technology shock to maintain consumption at its new constant gap value.
With a positive technology shock, tax rates fall and government spending, consumption
and output rise to support the lower steady-state debt stock without affecting inflation.
As shown in Leith and Wren-Lewis (2007), behaviour in the initial period is slightly
different as the policy maker exploits the fact that expectations are given to reduce the
impact of the shock on debt. Accordingly, in the initial period real interest rates rise (to
raise debt service costs and offset the increase in the tax base) and encourage a surprise
deflation in the initial period (although taxes rise to partially offset this deflation) - the
combined impact of this is to reduce the eventual decline in debt that would otherwise
emerge. '

When there are deep habits in consumption, the policy maker needs to minimise both

the consumption externality and the costs of nominal inertia. Despite this additional

"Teith and Wren-Lewis (2007) show that the combination of instruments used in the initial period
depends crucially upon the degree of price stickiness and the steady state debt-GDP ratio. In our
benchmark calibration, debt service costs and inflationary suprises are particularly effective in influencing
the level of government debt.
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trade-off, the assignment of instruments remains similar, although the stabilisation of
gap variables at their new long-run levels is no longer immediately after the initial period
(it should be noted that the transition to the new steady-state still retains the property
that producer price inflation is effectively zero). Monetary policy adjusts interest rates
to help stabilise the consumption gap in the face of the technology shock, and tax rates
are adjusted to largely offset the extra consumption generated by the technology shock
in the presence of habits, while together ensuring that producer price inflation is near
zero from the second period onwards. Once again, in the initial period instruments are
used to reduce the long-run impact of the technology shock on government debt, most
noticeably through the increase in real interest rates, which has the added advantage of
reducing the initial boost to consumption. There are negligible differences when final
goods producers can price discriminate between private and public goods.

We now consider the mark-up shock detailed in Figure 6. In the absence of habits,
the tax rate is employed to mitigate the impact of the mark-up shock while maintaining
the consumption, government spending and output gaps close to their new steady-state
values. In the initial period, there is an attempt to offset the long-run reduction in
government debt following the negative mark-up shock, primarily through tightening
monetary policy (which increases debt service costs, reduces the size of the tax base and
supports a surprise deflation). When we introduce deep habits, the policy maker has
to consider both the consumption externality and the mark-up shock. As a result, the
tax rate is raised more aggressively than in the absence of habits and producer price
inflation rises rather than falls. Nevertheless, gap variables are very quickly driven to
their new steady-state values which support the new steady-state value of debt without
generating inflation.

We note that an economy where final goods producers can price discriminate between
private and public consumption is very similar to the one in which they are constrained
to a common price policy. The responses to technology and mark-up shocks under

optimal Ramsey policies are almost identical across the two types of pricing behaviour.

4 Optimal Simple Rules

In this section we consider the ability of simple monetary and fiscal rules to achieve the
welfare outcomes commensurate with the fully optimal Ramsey policy. In addition to
analysing simple log-linear rules, our second order approximation of a heavily distorted

economy may also support the use of non-linear rules.
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Our general interest rate rule is given as,

In(R;/R) = (¢R — <2¢R2)1/2) In(Ri—1/R) + (Rt_1/§)(2%2)1/2
+ (67— (20,2)"2) In(aft f77) + (wp fm) o2

+ (6, — 20,22 W(V/T) + (1/F) 2 3
with the following second order approximation,
Ry = ¢pRi1 + ¢peRi_y + 677 + bn2 (BT + 0, Vi + 6,2 V7. (12)

The second order terms allow us to capture non-linearities in the otherwise log-linear
rules. For example, a positive coefficient on the second order term implies that the
response to positive deviations of that variable from steady-state is higher than negative
deviations. Conversely, when the coefficients are negative there are bigger responses
to negative deviations from the steady-state of the particular variable. Note that we
consider the adjustment of interest rates to changes in producer price inflation 7}"* (rather
than a more general inflation measure), as this is the inflation measure that captures

15 The log-linear special case of this rule is similar to the

the costs of nominal inertia.
monetary policy rules considered in, for example, Rotemberg and Woodford (1999) and
Schmitt-Grohe and Uribe (2007), while the second order terms allow us to capture
the asymmetric interest rate smoothing considered by Florio (2006) and the general
asymmetric behaviour either driven by non-linearities in the model (Dolado, Maria-
Dolores, and Naveira (2005)) or policy maker preferences (Srinivasan, Mahambare, and
Ramachandran (2006)).

We also consider similar rules for fiscal policy. Firstly describing the tax rate,

mmﬁ):(%—@mWﬂMWa+@mmmw
/2

+ <’Yy — (2’7y2)1/2> ln(Y%/?) + (}/2/?)(2”@2)1 _g
for which the second order approximation is given by,

and a similarly constructed rule for government spending, which in approximated form
is given by,
ét = lib/l;t + :‘ibz/b\% + Hyi/\;j + Iiyz}//\?. (14)

The log-linear special cases of these fiscal rules are similar to those considered in Schmitt-
Grohe and Uribe (2004a), Linnemann (2006), and Leith and von Thadden (2008) for

15See Kirsanova, Leith, and Wren-Lewis (2006) for a discussion of the importance of targeting the
rate of inflation which captures the costs of the price dispersion associated with nominal inertia.
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the tax rule, and Leith and Wren-Lewis (2000) for the government spending rule.

4.1 Determinacy Analysis

While we are considering potentially non-linear policy rules in our second order accu-
rate model solution, the determinacy properties of those rules in the neighbourhood of
the steady-state can be assessed by considering a log-linearised description of our econ-
omy. Therefore we embed our policy rules in a log-linearised version of our equilibrium
conditions described in Appendix D.

Here, the benchmark results in the literature stem from Leeper (1991) who provides
the original characterisation of policy rules as being ‘active’ or ‘passive’. An active mon-
etary policy rule is one in which the monetary authority satisfies the Taylor principle
in that they adjust nominal interest rates such that real interest rates rise in response
to excess inflation. Conversely, a passive monetary rule is one which fails to satisfy this
principle. In Leeper (1991)’s terminology a passive fiscal policy is one in which the fiscal
instrument is adjusted to stabilise the government’s debt stock, while an active fiscal
policy fails to do this. Leeper (1991) demonstrated, in the context of a lump sum tax
instrument, that it is only active/passive policy combinations that ensure determinacy

of the rational expectations equilibrium. A similar characterisation!¢

emerges in the
context of economies where Ricardian equivalence does not hold and the policy instru-
ment is government spending (Leith and Wren-Lewis (2000)) or distortionary taxation
(Linnemann (2006)). We now revisit these results in our New Keynesian economy with
deep habits. Since earlier results in this literature either do not consider feedback from
output to the policy instrument or find that such feedback does not significantly im-
prove welfare in an optimal simple rule (see Schmitt-Grohe and Uribe (2004a)), we set
¢, = vy = iy = 0 to exclude output from the policy rules when considering determinacy.

Accordingly, our simple rules reduce to,

Et = d’REtfl + ¢,y (15)
Foo= b (16)
@t == Iib/gt. (17)

In Figure 7 we plot the combinations of the fiscal feedback to government spending,
Kp, and the monetary response to inflation, «;, for various degrees of interest rate
inertia, g, and deep habits, § = 8¢, assuming that final goods producing firms charge
the same price to both the private and public sectors. Moving across each row increases

the extent of deep habits, while moving down each column increases the extent of interest

Y However, the presence of non-Ricardian elements can affect the critical value of fiscal response
required to render the fiscal policy rule ‘passive’ (see Leith and Wren-Lewis (2000)) and, in models with
a richer supply side, can lead to bifurcations in the policy combinations required for determinacy, as in
Leith and von Thadden (2008).
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rate inertia. The picture in the top left corner therefore mimics the analysis of Leith
and Wren-Lewis (2000). If the monetary policy is active, a; > 1, then fiscal policy must
cut government spending in response to increased government debt. If fiscal policy fails
to respond to deviations of debt from steady-state, then the active monetary policy
will give rise to a debt interest spiral which implies instability. Meanwhile if monetary
policy is passive then this can help stabilise debt when fiscal policy fails to do so, as the
saddlepath solution delivers a path for real interest rates which offsets the instability
in debt which would otherwise emerge. Finally, if fiscal policy is acting to stabilise
debt, then a passive monetary policy will lead to indeterminacy in the usual manner
as inflationary expectations become self-fulfilling (see Woodford (2003)). Moving down
the first column where we increase the degree of nominal interest rate inertia, then the
critical value for the interest rate response to inflation necessary for monetary policy to
be described as active falls below one. This is because it is the long-run response to
inflation, 13—3413 > 1, which is key to defining the Taylor principle in an inertial rule.

As we move across the columns, the determinacy region in the South-East quadrant
associated with a combination of an active monetary policy and a passive fiscal policy
is reduced for large fiscal responses to debt, rendering that part of the policy space
unstable. The intuition for this change is as follows: imagine a shock which raises the
debt stock. Government spending is reduced which implies that the final goods firms
will seek to increase their mark-ups. If the degree of habits is sufficiently large, the
increasing mark-ups will raise consumer prices, labour costs, and inflation, resulting in
higher real interest rates which will destabilise the debt stock. Similarly, the previously
indeterminate combination of a passive monetary policy combined with a passive fiscal
policy which adjusts spending in response to deviations of debt from steady-state be-
comes increasingly determinate as the extent of deep habits is increased. Intuitively,
a shock which raises debt implies that government spending falls, mark-ups increase,
raising prices and, with a passive monetary policy, resulting in falls in real interest rates
which stabilise the debt.

In Figure 8 we perform the same analysis in a model variant where final goods firms
can price discriminate between the private and public sector. As a result the fiscal
rule does not directly affect the mark-up charged on final goods for the private sector.
Accordingly, the presence of deep habits does not matter until the degree of deep habits
becomes very high.

In Figure 9 we consider the case of fiscal feedback to the tax rate rather than gov-
ernment spending in an economy where final goods firms charge the same price to the
private and public sectors. As before, for an economy without habits we find that an
active/passive policy combination is necessary to ensure determinacy, although for a
strong fiscal response to debt disequilibrium the response of interest rates to inflation
needs to be higher - this is because raising tax rates fuels inflation through their impact

on marginal costs. Interestingly, an active monetary policy combined with a fiscal policy
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which fails to raise taxes in response to higher debt is not always unstable, but can be
indeterminate if the inappropriate fiscal response is sufficiently aggressive, due to the
supply side effects of variations in tax rates. As the degree of habits is increased this
does not affect this analysis until the extent of habits passes a critical value (see Figure
10). At this point almost all regions become indeterminate - for example, for the usual
active monetary policy and passive fiscal policy combination, the higher interest rates
in response to inflation, imply that the profits from investing in habits are lower so that
mark-ups increase, validating the increase in inflation.

In Figure 11 the determinacy properties of the tax rule is considered in an economy
where final goods firms can price discriminate between the private and public sectors
- the analysis is largely unchanged relative to Figure 9, although the bifurcation in

determinacy regions occurs earlier than under common pricing - see Figure 12.

4.2 Optimal Simple Rules

We search across the rule parameter space using the Simplex method employed by the
Fminsearch algorithm in Matlab (see, Lagarias, Reeds, Wright, and Wright (1998)) in
order to minimise the conditional welfare losses associated with the rule. In searching,
we explored both the active monetary/passive fiscal and passive monetary /active fiscal
policy determinate regions of the policy space. Table 2 details the optimal parameters
for the simple linear rules in (15) - (17). Interestingly, the combination of a passive mon-
etary rule and an active government spending rule is preferable to the active monetary
rule/passive fiscal rule combination, although the costs of employing such simple rules
is significant with welfare costs that are at least 39% higher than fully optimal policy.
However, this simply reflects the fact that government spending does not contribute to
stabilisation. When we consider the combination of interest rate and tax rate rules there
is a significant improvement in welfare - the costs of following this pair of simple rules
amounts to 15.8% of welfare costs under Ramsey. Combining government spending and
tax rules marginally improves welfare further.

We then consider a richer set of rules which introduce non-linearities to monetary
policy and terms in output to the interest rate, government spending and tax rules.
As the results are very similar across the two forms of pricing, we concentrate on the
assumption of common pricing when exploring the non-linear refinement to the rules.

The optimal parameterisation of these rules is given by,
Ry = 1.2309R,_1 — 0.47092R?_| + 2.84977" + 3.7092 (7™)% + 0.035696Y; — 2.9665Y,2

7 = 0.18386b; + 1.2049Y;
G, = 0.020784b, + 1.0953Y.

This combination of rules enables us to mimic the welfare levels attained by the Ramsey
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optimal policy, with the welfare costs under the optimal rule, ¢, only 0.23% higher
than under the Ramsey policy. The optimised rule coefficients imply that government
spending is not being used to stabilise debt, but that government spending is moving
with output in order to ensure a stable government spending gap. The fiscal adjustment
is taking place through the tax rule, which also raises the tax rate in response to higher
output as a means of off-setting the consumption habits externality.!” The latter result
reflects the findings of Ljungqvist and Uhlig (2000) who show, in the context of a real
economy with superficial habits, that contractionary tax rates can help align output
with the efficient level in response to technology shocks. The monetary policy rule in
its linear terms is fairly standard, implying that the rule is super inertial, with a strong
response to inflation and a relatively muted response to output. The non-linear terms
imply that interest rate inertia is more muted when interest rates are cut and interest
rates respond more to higher, than lower, inflation, but react more aggressively to falls,
than rises, in output. The latter may be thought to be surprising since the consumption
externality implies that output is suboptimally high such that booms are more likely to
concern the policy maker than recessions. However, the large coefficient on output in
the tax rule implies that the tax rule is more than compensating for the consumption
externality.

We further assess the relative importance of adding output to the rules rather than
allowing policy to behave asymmetrically over the business cycle. We set the coefficients

on quadratic terms to zero and obtain the following optimal parameterisation,

Ry = 1.0984 R, + 377" + 0.012589Y;
7, = 0.12961b; + 0.07563Y;
Gy = 0.017091b; + 0.957Y;.

Here we find that, although the rules come close to the Ramsey policy, they are not
fully able to mimic it, with a welfare cost of 0.0289% of permanent consumption which
is 2.04% higher than under the Ramsey policy. The key difference is that the absence
of the asymmetric monetary policy response does not enable the tax rule to fully deal
with the consumption habits externality and the optimised coefficient on output in the
tax rule is significantly lower, falling from 1.2 to 0.076.

Finally we consider introducing the non-linearity to the fiscal rules rather than the

monetary rule. We find the optimised rules are given by,
R, = 1.0959R;_1 + 2.901177" + 0.010749Y;

7, = 0.14379b, — 0.015854b7 + 1.1088Y; — 0.056154Y;

17Since this rule is defined in terms of the tax rate, the response of the tax rate to output implies an
implicit stabilisation benefit to progressive taxation.
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Gy = 0.010151b; + 0.033293b7 4 1.0543Y; 4 0.0014314Y2

where again the asymmetries in the fiscal rules enable the tax rule to respond to the
consumption externality more effectively. Here the non-linearity in the tax rule implies
that tax rates decrease more in response to falls in debt and output, than they rise in
response to increases. While the government spending rule does nothing to stabilise debt
(government spending continues to rise in response to an increase in debt), it moves in
line with output, with a slight tendency to rise more in a boom, in order to stabilise
the underlying government spending gap. The non-linearity enables this combination of
optimal rules to come closer to the welfare outcomes under the Ramsey policy. However,
with a welfare cost in terms of permanent consumption 0.39% higher than under Ramsey,
this set of optimal rules is slightly inferior to the optimal combination that features a
non-linear monetary policy rule.

For the two combinations of non-linear rules, we also assess their ability to mimic
the Ramsey policy in terms of impulse responses. Figures (13) and (14) plot the impulse
responses to a technology shock and a markup shock under the Ramsey optimal policy
(solid lines) and under the optimal rules: quadratic monetary rule with linear fiscal
rules (dash lines) and linear monetary rule with quadratic fiscal rules (dash-dot lines).
We notice that the optimal rules are better able to mimic the Ramsey policy when
considering a technology shock, whereas slightly larger differences relative to Ramsey
policy emerge following a markup shock. For both shocks and sets of rules, the rules,
while being fully determinate, are able to achieve a very slow adjustment of debt which
is close to the random walk in steady-state debt observed under the Ramsey policy.
At the same time, the strong response of the fiscal rules to output ensures that the
government spending gap is held fairly constant, while the tax rate moves to offset the

consumption externality associated with deep habits.

5 Conclusion

In this paper we explored optimal monetary and fiscal policy in a New Keynesian econ-
omy subject to deep habits in consumption, where the habits externality exists at the
level of individual goods. Employing second order approximation techniques we consider
various forms of optimal policy of increasing richness in the context of a significantly
distorted economy. We begin by considering the consumption response to government
spending shocks, when monetary policy is optimal. We show that earlier findings, that
deep habits can account for empirical results whereby public spending crowds in pri-
vate consumption, are not robust to relatively modest declines in the extent of habits
formation and allowing firms to price discriminate when supplying goods to the public
and private sectors. Furthermore, we find that government spending, despite being the

fiscal instrument that directly feeds into aggregate demand, contributes very little to the
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stabilisation of the economy following technology and mark-up shocks, when monetary
policy is conducted in an optimal manner.

When we consider the trade-offs between business cycle stabilisation and fiscal sol-
vency, we find that it remains optimal to allow steady-state debt to follow a random
walk following shocks, although the transition to that steady-state is more gradual than
that observed in simpler models, due to the additional consumption externality faced
by the policy maker when consumers possess deep habits. In terms of the operation of
individual instruments, monetary policy largely ensures that the consumption gap is sta-
bilised in the face of technology shocks, while the income tax instrument serves to offset
the consumption externality associated with habits and any shocks to the imperfectly
competitive firm’s desired markups.

Finally, we assessed the ability of simple linear and non-linear monetary and fiscal
policy rules to achieve the levels of welfare associated with the Ramsey policy. Relatively
simple interest rate and tax rate rules perform reasonably well, but are not able to
fully mimic the Ramsey policy. However, a combination of non-linearities in either the
monetary policy rule or the fiscal rules AND linear terms in output in the fiscal rules is

able to capture the welfare levels observed under the Ramsey policy.
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A Analytical Details (not for publication)

A.1 Households

Cost Minimization Households decide the composition of the consumption bas-

ket to minimize expenditures

1
{Iél’l% /0 PYCEdi
itf;

1 =1 N TS
s.t. ( / (q.’;—ecit_l) 7 di)" > X7
0

The demand for individual goods ¢ is

k P? o k
where PtC can be expressed as an aggregate of the private goods ¢ prices, PtC =

1
( fol (Pg)l—n dz') ™" Averaging across all households gives the overall demand for pri-

vate final goods as,

1 PC -n
Cit = / Cldk = (P—g> X;+0Ci 1.
0 t

Utility Maximization The solution to the utility maximization problem is ob-

tained by solving the Lagrangian function:

L=E> 8 [u (Xf, N, Xﬁk) Y. (PtCXf + Pty + EyQui1 DF. — (1 — 7)) WyNF — DF — @t)}
t=0

(18)
In the budget constraint, we have re-expressed the total spending on the private con-
sumption basket, fol PgCﬁdi, in terms of quantities that affect the household’s utility,
C
fol R?Cﬁdz = PtCXf —|—Pth9t, where under deep habits 1, is given as ¥ = 0 fol (i—i@) Cip_1di.

Households take ¥ as given when maximising utility.

The first order conditions are then,

(XF) : ux(t) = \FPE

(N e () = ux(t) (1~ ) 2
U pC

(DF): 1= pE [l B Ry

where R; = m is the one-period gross return on nominal riskless bonds.
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With utility given by u (X, N, XG) = )iig —X 1\17:; +x¢ (Xl,)g , the first derivatives
are

ux () =X"7° and  upy (-) = —xN"

A.2 Intermediate Goods Producers

The cost minimization of intermediate goods producers involves the choice of labour
input Nj;; subject to the available production technology
minW; N
it
s.t. ANjir = Yii

and yields a labour demand, Nj; = Y(j—":, and a nominal marginal cost which is the
same across all intermediate goods producing firms, MC; = %. Profits are defined as:
Qi = PjitYjir — WilNjiw = (Pjir — MCy) Y.

The profit maximization is subject to the Calvo-style of price setting behaviour
where, with fixed probability (1 — «) each period, a firm can set its price and with
probability « the firm keeps the price from the previous period. When a firm can set
the price it does so in order to maximize the present discounted value of profits, subject
to the demand for its own goods. Profits are discounted by the stochastic discount

factor, adjusted for the probability of not being able to set prices in future periods:

o o
I}ggf(Et ; @’ Qti15Pjitrs = Ey ; a*Quits (Pl — MCrys) Yjirss]
P* —€
$.t.Yjitrs = (anlt > Yitts
it+s
Xt+s - PtC
Qttrs = 5° <—
3 X, PY,

Optimally, the relative price is set at

(o @]
. E; Z (aB)® (Xegs) "7 mergs (Py)” Yiers
Pj’it _ ft s=0
PC\& -1

s o (P
Ee Y (o) (Xews) 7 (52)  (Pi) Yiews
s=0

_ MCy
= ¢
goods, and Y, = Y + Y¥ represents the total production of good i, including both

where mc; is the real marginal cost, expressed in terms of private consumption

private and public goods. We allow the desired mark-up, éﬁ—l, to be time varying

allowing for shocks to the mark-up implied by the elasticity of substitution between
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intermediate goods, where In (§;) = (1—p,,) In(e)+p,, In(&;_1)+o" and 0" “iidN (0, oyp,).

The relative price can also be expressed as

Py _( & )@
Ptc ft_]‘ KQt

where K7; and Ky; have the following recursive representation:

(o.] Pm e
Ki = E Y (aB)’ (Xis) T merys <—;§S> Yitts
s=0
= Xt_o mcy (,Utc)ie Yt + aBE; [K1t+1 (Wg_l)s}

and

- s —o Pt-‘rs - F)z'rtn—f—s ‘
Ky = EtZ(Oéﬁ) (Xtts) 2 o | Yitts
s=0 ¢ Pt

= X;7 (u) " Y+ aBE, [K2t+1 (Wtcﬂ)a_l}

C
and utc = % represents the markup of private goods prices over the nominal marginal

cost of production.

B Equilibrium Conditions

B.1 Aggregation and Symmetry

Aggregate Output: The market clearing condition at the level of intermediate

goods is

P\ © L.
( J,,f) Yie = AtNjit, Vi, Vi
P

which upon aggregation across the j firms becomes
YieDAip = AtNie,, Vi

where Y = Y,;tc + Yzf is the total production of good ¢, including sales to both the
1

. —&
private and the public sectors, and A;; = (%%) dj represents intermediate goods
it
price dispersion in sector . With final goods producing sectors being symmetric, we can
drop the ¢ subscript and write the aggregate production as,
A
V=Yl +YF =N,
Ay
Aggregate Profits: Aggregate profits from intermediate goods producers are
given by
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1 r1
//(I)jitdjdi = // ]zt_MCt)l/}zt djdl
0 JO
Pj; .
- / / (m () 0 +vE) dia
it

t
ﬂ = (Y +Yii) -

1 1
- / (- <Yf +YE) ( / Pﬁfdy) di- Wi [ [ Nyudia
0 0 JO

- / PRYE +YE)di — Wi,
0

(AtNﬂt)] djdi

while aggregate profits from final goods producers can be written as
1 1 1
/ q>gdi+/ dGdi = / (Py — P YE dz—l—/ (P§ — PP Y di
0 0 0
1 1
= [ eevg PGy ai [ pp (v + V) ai
Then, the economy wide profits are

1 1 1 rl
/ S di + / O di + / / O djdi
0 0 0 JO

1 1
— / (PSYE + POYS) di — / Py (Y +YE) di
0 0

Dy

/ PRV +Y£’>d W,
0

= PEYY + PEY,S — WiN,

where we have used the assumption of symmetric final goods sectors to obtain the final

result.

Aggregate resource constraint: Combining the households’ budget constraint
with the government budget constraint and the above definition of profits gives the

aggregate resource constraint

PECy + PEGy = PEYE + PEYC.
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B.2 System of Equilibrium Conditions

Consumers:
X, =Cy —0C,_4 (19)
X =Gy —09G (20)
XV

V(1 — 21
X0 (1 —T)we (21)

—0 —0 Ptc
X7 =PE | X5 | Be (22)

Pty

Final goods firms:
When final goods firms can price discriminate between private and public purchasers

of their product their behaviour is described by,

Ct = ntht (23)
1 X\ 7
=(1—-— 08E 24
R [ A
Gr = nwi X[ (25)
1 X1\ 778
G G t+1 t+1 G
wy = (1 - E) + 07 BE; < X, > 7th+1 wt+1] (26)

While, when no such price discrimination is possible, then the mark-ups are the same

across sectors,
ue = uf (27)

and equations (23) and (25) are combined as,
Cy + Gy = n(wi Xy + wFX). (28)
Intermediate goods producers:

(P = a (P™) '+ (1-a) (P

) (29)

Py &\ Ku
PC (st—1>K_2t (30)

where : Ky = X; “me (utc) W+ YY) + aBE; [K1t+1 (Trgl)a} (31)

Koy = X, 7 (/~Ltc) Y +YO) + aBE; [K2t+1 (ng)s_l} (32)
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mcy = &
t = A,
InAy=psIn Ay + 924
Ing, = (1 —py)In(e) + p, 0y + of"

Aggregate production:

P\ "¢ -
Ai=(-0) (5] ) A
t
Government budget constraint:

By

= Bt + PtGGt — WtNtTt
Ry

And the following relationships linking the inflation measures,

c G
m_ _cMi—1 qgMe1
Mg g

B.3 The Deterministic Steady State

(33)

(34)

(35)

(36)

(37)

The non-stochastic long-run equilibrium is characterized by constant real variables and

nominal variables growing at a constant rate. The equilibrium conditions (19) - (28)

reduce to:

X=(1-6C
X¢=@1-6%¢G
XNYX7 = (1 —7)w
1=B8R(x9)""

C =nwX
pl=1—-01-68)w™
G =nw®Xx¢
o= [1-(1-098) )

Without price discrimination, there is a common markup,

pe = p
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(41)
(42)
(43)
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(45)
(46)
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and the steady-state equations (44) and (46) combine in,

C+ G =nwX +wiX%) (49)
* l—e
l=a(@) ' 4+(1-a) (gc ;ﬁ) (50)
A ¢ e 1—af(x%)"
pPC £E—1Ky [5_1 1—045(71'0)8 mc (51)
_ux me ()Y
Kl - 1— Otﬁ (ﬂ_C)E (52)
u ([LC) Y
o= o aB (rC)F! )
me=— (54)
E=¢ (55)
A=1 (56)
A
Y =N (57a)
1—« * -
A= = () (59)
B P%/PC)G —wNT
0 = b= ( R/—l _)(WC)l (59)
7™ = 7% = 7@ (60)

Table 1 contains the imposed calibration restrictions. We assume values for the
Frisch labour supply elasticity (1/v), and the following parameters, 5,0, 1, €, «, 0, 0%,
x and x“. In describing optimal policy, we take the second order approximation around
the Ramsey steady-state, which is obtained by the solving the steady-state of the model
(as given by equations (40) - (60)), conditional on the optimal rate of inflation and levels
of taxation and government spending (for a given government debt to GDP ratio) which

are obtained by simultaneously solving the Ramsey first order conditions in (11).
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C The Social Planner’s Problem

In order to assess the trade-offs facing the policy maker in a sticky-price economy subject
to tax, monopolistic competition and consumption externality distortions, it is helpful
to compute the efficient allocation that would be chosen by a social planner. The so-
cial planner ignores the nominal inertia and all other inefficiencies and chooses real
allocations that maximize the representative consumer’s utility subject to the aggre-
gate production function and the law of motion for habit-adjusted private and public

consumption:
)
{X@cggiﬁf‘h}ﬁbgégﬁtu(Xj,Ay’th)
st. Cf + Gy = AN/
Xi=Cr —0Cy
X7 =Gy - 609Gy,

The optimal choice implies the following relationship between the marginal rate of
substitution between labour and habit-adjusted private consumption and the intertem-

poral marginal rate of substitution in habit-adjusted private consumption

X* —0a
1—60BE ( “;1> :
t Xt

In addition, the balance between private and public consumption is given by,

X (Nt*)v — A,
(X))~

(X7) 7 —0BE, (X711) 7 = xC[(XF*) " —09BE, (X7) 7).

The deterministic steady state equivalent of these expressions are y (N*)” (X*)? =
— G —0
A(1—6p) and (&) 7 =0 <1_9 ﬁ) (11_79‘;;) , which upon further substitutions can

103
be written as,

C*
G*

X (NF)T (1= ) U A7 = A(1 - 08)

U \T7 L (1-098\ [1-609\""
i—w) X \1-eg)\1-0)
where U* is the optimal steady state share of private consumption, ¥* = ¢ . In the

= TG~
case of equal habits in the two types of consumption goods, the last expression simplifies

* —0
to (%) =

and
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D Log-linear Representation

Our log-linearised economy can be described as follows. Firstly, we have the IS curve in

terms of habit-adjusted consumption,
X; = EXip1 — _Rt + Et7rt+1a (61)

and the New Keynesian Phillips Curve (NKPC) written in terms of producer price
inflation
%?:BEﬁﬁl+n<ﬁ@+ﬁf> (62)

where k = (I—_aﬂaxl—_al The dynamic equations describing changes in the final goods

markups can be written as,

~ 1 <
b= ——if +08E @41 + 080 (Xt EtXt+1> (63)

1 A~
¢ = e Gut + 09BE; (th + 7Tt+1 7Tt+1> +09B0 (Xt EtXt—H) (64)

where the shadow values of producing another unit of a final good for the private and

public sectors are given by,
&y =Cy — X, (65)

and

We also have the following expressions defining habit-adjusted private and public

goods consumption )A(t and )?tG , CPI inflation %tc, public goods price inflation %? , and

the real marginal cost mcy:

- 1 . .

Xy = T3 <Ct - 90t—1> (67)
~ 1 ~ ~

X6 = — <Gt - 9GGt,1> (68)

w =T+l — Il (69)

7 =70+ 07 — i (70)

— (14 v) Ay, (71)

T/n\ctza)?t—i-v Tat—F(l—T)ét] +

where T is the steady state share of private consumption out of the total production,
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T = % And finally, there is the government budget constraint,

PC¢ _ia o -~ P
—G<Gt+ﬂ?_:utc>_WNT(wt+Nt+Tt>]-

~ ~ 1/~ R
bt+1:Rt—|—R(ﬂ'C) 1<bt—7TtC>+— pC
(72)

b
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Parameter Value Description
r (1.04)1/%  Real interest rate
o 2 Inverse of intertemporal elasticity of substitution
enw = (1/v) 4.0 Frisch labour supply elasticity
n 11.0 Elasticity of substitution across final goods
€ 11.0 Elasticity of substitution across intermediate goods
o 0.75 Degree of price stickiness
0 0.65 Degree of habits formation in private goods consumption
0¢ 0.65 Degree of habits formation in public goods consumption
X 3.0 Relative weight on labour in the utility function
& 0.111 Relative weight on utility from public goods consumption
B/GDP 0.6x4 Debt to GDP ratio
oA 0.9 Persistence of technology shock
P 0.9625 Persistence of markup shock
Pa 0.9 Persistence of government spending shock
oA 0.009 Standard deviation of technology shocks
Om 0.0012 Standard deviation of markup shock
oq 0.014 Standard deviation of government spending shocks

Table 1: Parameter values used in simulations

Crules
aR QO T b ( ey — 1) x100
Taz, active, common 1.0335 | 3.2685 0.1119 15.78
Tax, active, discriminating 1.0347 3.1713 0.11181 17.24
Tax, passive, common 0.15868 | -11.396 | -1.1438 37.62
Tax, passive, discriminating 0.17937 | -10.827 | -1.1528 39.07
G, active, common 1.1021 1.1936 -0.16841 40.53
G, active, discriminating 1.0125 1.1833 -0.16749 43.44
G, passive, common 0.17985 | -9.1775 0.50357 39.07
G, passive, discriminating 0.20985 | -9.0365 0.52252 39.07
Tazx, G, active, common 1.0244 3.7333 | 0.133354 | -0.049243 14.33
Tax, G, active, discriminating 1.0262 | 3.6057 | 0.13351 -0.04859 14.33
Tazx, G, passive, common 0.13472 | -8.3309 | -1.2867 0.68082 21.61
Tax, G, passive, discriminating | 0.16432 | -8.3398 -1.196 0.65231 21.61

Table 2: The optimal parameterisation of the simple log-linear rules with no response
to output. Each row details the fiscal rule (by instrument type), the active/passive
nature of the monetary policy rule, and the type of pricing of final private and public
goods. The last column gives the percent increase in welfare costs relative to the Ramsey

optimal policy.
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Figure 1: Impulse responses to a +1% government spending shock with optimal mon-
etary policy: no habits (dots) and deep habits (9 =0% = 0.65) with common pricing
(solid line) and with discriminating pricing (dash lines). The inflation and interest rate
variables are expressed in annualized terms. Gap variables under no habits read off the
right y-axis.
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Figure 2: Consumption responses to a +1% government spending shock under optimal
monetary policy, with common pricing of private and public goods: 6 = 6% = 0.65 (solid
line), = 0.65 and 8¢ = 0.2 (dashed line), = 0.85 and ¢ = 0 (dash-dot line).
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Figure 3: Impulse responses to a +1% technology shock with optimal monetary and fiscal
policy, the case of lump-sum taxes: no habits (dots) and deep habits (9 = 9% = 0.65)
with common pricing (solid line) and with discriminating pricing (dash lines). The
inflation and interest rate variables are expressed in annualized terms. Gap variables
under no habits read off the right y-axis.
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Figure 4: Impulse responses to a negative markup shock (+ 1% change in §;) under
optimal monetary and fiscal policy, the case of lump-sum tazes: no habits (dots) and
deep habits (9 =0% = ().65) with common pricing (solid line) and with discriminating
pricing (dash lines). The inflation and interest rate variables are expressed in annualized
terms. Gap variables under no habits read off the right y-axis.
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Figure 5: Impulse responses to a +1% technology shock under optimal monetary and
fiscal policy: no habits (dots) and deep habits (§ = 6% = 0.65) with common pricing
(solid lines) and with discriminating pricing (dash lines). The inflation and interest rate
variables are expressed in annualized terms. Gap variables under no habits read off the

right y-axis.
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Figure 6: Impulse responses to a negative markup shock (4+ 1% change in ;) under
optimal monetary and fiscal policy: no habits (dots) and deep habits (§ = 8% = 0.65)
with common pricing (solid lines) and with discriminating pricing (dash lines). The
inflation and interest rate variables are expressed in annualized terms. Gap variables
under no habits read off the right y-axis.
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Figure 7: Determinacy Properties of the Government Spending Rule with Common
Pricing: determinacy (light grey), indeterminacy (blanks), and instability (dark grey).
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Figure 8: Determinacy Properties of the Government Spending Rule with Price Dis-
crimination: determinacy (light grey), indeterminacy (blanks), and instability (dark

grey).
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Figure 9: Determinacy Properties of the Tax Rule with Common Pricing: determinacy
(light grey), indeterminacy (blanks), and instability (dark grey).

48



0,,=0and 0.=0.76 0,=0and 0=0.79

s 0
w?l
=05 and 0=0.79

E E E E 0
o o o 0 0
6,=0.9and 6=0.75 6,=0.9and 6=0.76 6,=0.9and 6=0.77 6,=0.9and 6=0.78 6,=0.9and 6=0.79

Figure 10: Determinacy Properties of the Tax Rule with Common Pricing under high
levels of habits formation: determinacy (light grey), indeterminacy (blanks), and insta-
bility (dark grey).
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Figure 11: Determinacy Properties of the Tax Rule with Price Discrimination: deter-
minacy (light grey), indeterminacy (blanks), and instability (dark grey).
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Figure 12: Determinacy Properties
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Figure 13: Impulse responses to a +1% technology shock under the Ramsey optimal
policy (solid lines) and the optimal simple rules: quadratic monetary policy with linear
fiscal policy (dash lines) and linear monetary policy with quadratic fiscal policy (dash-
dot lines), the benchmark calibration for deep habits with common pricing. The inflation
and interest rate variables are expressed in annualized terms.
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Figure 14: Impulse responses to negative markup shock (+1% change in £;) under the
Ramsey optimal policy (solid lines) and the optimal simple rules: quadratic monetary
policy with linear fiscal policy (dash lines) and linear monetary policy with quadratic
fiscal policy (dash-dot lines), the benchmark calibration for deep habits with common
pricing. The inflation and interest rate variables are expressed in annualized terms.
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