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1. Introduction

”...monetary policy can target only the aggregate price level...it would be a mistake to

target these relative prices.”}

Output and inflation are generally more volatile at a sectoral level than an aggregate
level, as illustrated by Figure 1 for the UK and US, which also shows that they often
do not move in tandem. The natural question emerges as to whether policy makers
should be concerned with fluctuations in aggregate inflation and output gap only or the
objective function should be modified to include movements in “relative inflation” and
“relative output gap”?? Alternatively, does the sectoral composition of output matter for
welfare?3

The standard literature on monetary policy, such as the classic texts by Woodford
(2003) and Gali (2008), is generally focused on aggregate output and inflation, without
being concerned about the composition of that output. As a consequence of this policy
makers have been focused on stabilizing aggregate variables. In this paper, our aim
is to show that the composition of output matters for welfare, and that welfare can be
improved through policies that target individual sectors.

We use a two-sector version of the standard New Keynesian model to show that
sectoral policy tools are useful in the presence of either sector specific shocks or aggregate
shocks with effects that vary across sectors. We derive the representative households’
welfare-based quadratic loss function, where the weight on each sectoral inflation rate is
increasing in the degree of price rigidity in that sector.* We highlight that, in a two sector
model, welfare is affected not only by the volatility of aggregate inflation and output
gap, as in a standard one sector model, but also by the volatility of the relative output
gap, relative inflation and the covariance between relative and aggregate inflation. It
follows that policy tools that affect these variables can generate an improvement in the
household’s welfare.

The optimal tax and monetary policy is derived and we show that, in the presence
of either sector specific shocks or differential responses to common shocks, for example

'King, M., 2003. The Governor’s Speech at the East Midlands Development Agency/Bank of England
Dinner.

*Movements in the real exchange rate to some extent reflect movements in the relative price of tradeables
and non-tradeables. A straightforward extension of our model is that the sectors represent tradeables and
non-tradeables, and so movements in the real exchange rate matter for welfare.

*Blanchard et al (2010) also highlights the importance of output composition.

*Aoki (2001) shows a similar result for an economy with a flexible price and a sticky price sector and
Benigno (2004) for a currency union. Erceg and Levin (2006) show that the social welfare function involves
sector-specific output gaps and inflation rates.
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through differing price rigidities, welfare can be improved through sector specific tax
policy. If the government can levy sector specific taxes on firms, taxes rise in sectors
hit by a positive productivity shock to limit price dispersion within a sector and so en-
sure efficient allocation of resources within the sector. These taxes can also offset cost
push shocks. For reasonable parameterisations optimal sectoral policy seeks to ensure
efficiency within sectors rather than across sectors. Therefore government should sta-
bilise sectoral output and prices relative to the steady state and not relative to the flexible
price level, and so should respond countercyclically. We also show that adopting sectoral
policy of this kind significantly reduces the welfare losses from the business cycle, and
that the gain from adopting the correct sectoral policy is substantial relative to the gain
from having no sectoral policy and moving from discretionary policy to policy under
commitment. Finally, we show that under discretionary policy using aggregate tax and
monetary policy to respond to productivity shocks is inferior to using monetary policy
alone. However this is not true if there are sector specific taxes or if aggregate taxes are
set under commitment. In fact, with sectoral policy, commitment for tax and monetary
policies ceases to be important.

This study complements an already vast literature on monetary policy in a multi-
sector setting. Carlstrom et al (2006) demonstrate that in a multi-sector model local de-
terminacy is guaranteed as long as central banks respond aggressively to shocks, regard-
less of the price index they target. Erceg and Levin (2006) show that a rule that stabilizes
a more narrow measure of final goods price inflation performs poorly in terms of social
welfare. A rule that targets a weighted average of aggregate wage and price inflation,
on the other hand achieves higher social welfare. Carvalho (2006) and Nakamura and
Steinsson (2007) show that sectoral heterogeneity in price stickiness leads to larger and
more persistent effects of monetary shocks.

These studies analyse the implications of different sectors for aggregate policy. Our
paper shows that by utilizing sectoral tools, such as payroll taxes that can be varied at
a sectoral level, policy makers can achieve a better allocation of resources and conse-
quently higher welfare.

The rest of the paper is structured as follows, the model to be used is outlined in the
second section, the third section examines the welfare implications of different policy
tools, the fourth section quantifies the effects and the fifth concludes.
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2. The model

This section outlines and solves the model that is used throughout the rest of the pa-
per. The model is a two sector version of the standard New-Keynesian closed economy
model. It is assumed that labour can move freely across both sectors and firms, so that

all firms face the same wage rate.

2.1. Households

A representative household chooses a consumption bundle (C') and labour (V) to max-
imise the present discounted value of expected utility given by

oo Cl-o ,YNH"P
_ s—t S s
\Ift—Et{Zﬁ (1_0— o ) (1)
s=t

with 0 < B < 1 representing time preference factor, o > 0 the inverse of the elasticity

of intertemporal substitution, ¢ the inverse of Frisch elasticity and v a relative weight
assigned by the household to work effort. The household faces the standard transversal-
ity condition and the period budget constraint, C; + %Bt < P%Bt_l + %Nt + II; + T3,
where B, represents purchases of one-period bonds at price Q;, W; is the wage, P; the
price of the consumption bundle, II; profits and 7; lump sum payments by government.
Household optimization then implies that the standard Euler equation and labour sup-

C.% P
= BB, AL =t 4 2
Q=20 t{Ct_UPt—l-l 2)

ply conditions hold
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The consumption bundle is composed of goods from two different sectors that are
aggregated according to

n—1

11 1 A\ et
C; = <w770a72 +(1w)WC’bt"> ,

where 77 > 0, so that the sectors are complements, and 0 < w < 1.> This implies that the

Tt is straightforward to extend the model from two to many sectors, but no additional insights are
gained.
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household’s relative demand is inversely proportionate to relative sectoral prices

C, P\ 7"
Lol (oet) (4)
Cb,t 1—w Pb,t

The sectoral consumption bundle C;; is, in turn, given by a CES aggregator over
a continuum of goods indexed on the interval i € [0, 1] with a sector-specific elasticity
of substitution ; > 1. Defining p; (i) as the price of good i in sector j at time ¢, it
follows that demand for individual goods is given by ¢; (i) = (p;+(i)/P;+)~% C; while

0 £yt
a generalised weighted average of sectoral prices

vy 1/(1-6;
the sectoral price index is P;; = ( o % (z)dz) " and the aggregate price index is

1

= (wPy "+ (1-w)Py ")

2.2. Firms

In both sectors monopolistically competitive firms hire labour to produce a differentiated
good, and to do so must pay wages (W) and a tax on payroll expenditure (7) so that
costs per unit of labour are given by W (1 + 7). In sector j, good i is produced according
to y;+(i) = A;N;j4(i), with A;, representing an exogenous sector specific productivity
parameter and N, ;(i) labour employed by the firm. Following the standard conventions
of the New Keynesian model, we assume staggered price setting a la Calvo (1983) where
any firm may reset its price with probability (1 — ,uj). Thus the problem of the firm is to

choose the price pj, (i) that maximizes the expected present discounted value of future

profits subject to a sequence of demand constraints y;(1) = Vi (},(0)/Pys)  for

s € [t,00). Solution of the problem implies that prices are set according to

0; Et{Zgo:t/‘f;itQtstCj’Syj’s(i)}
L B Quaa(i))

P;’,t(i) = 9 )

S
where Q; s = H Q) is the stochastic discount factor, MC;, = Wi(1 + 7;5)/A; s is the
h=t
marginal cost of production for the firm at time s, and 7;, is the payroll tax rate set by

government in sector j.
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2.3. Flexible price equilibrium

In the flexible-price equilibrium, all firms in a given sector set the same price p;,(i) =

ef—ilM Cjt = ejef T W In this case the optimal payroll tax is set to offset the mo-
I

nopolistic distortion, such that 75, =
of P;; that Wtf = P,{i Aat = be A and relative sectoral prices are inversely pro-

—1/6;.5 Therefore it follows from the definition

portional to sectoral productivity, with aggregate prices given by P, = W,/A;, where
1

Ay = <wAZ;1 +(1- w)AZ’;l) e

The relative demand (equation 4) and market clearing (C;; = Y} ;) conditions deter-
mine equilibrium relative labor supply. Combining the equilibrium relative labor supply
with labor market clearing and the intratemporal labour supply condition (equation 3)

allows us to solve for the flexible price level of aggregate and sectoral outputs

o+l

1
Y = ANT =757 Aot

Aat\"
Yf - <(l, ) waa
a,t At t

Ap\”
Y= (A) (1-w) Y.

2.4. Linearization

Defining Z; = In(z/ :c{ ), & = In(x¢/x) and iy = —In Q) then to a first order approxima-
tion, household optimisation (equations 2 and 3), market clearing and relative demand
(equation 4) imply

iw = o <Et {}N/tJrl} — YQ) +0;iiEt {At+1 *At} + Ey {741} —In3,(6)

N, = —;ét—F;(Wt—pt), 7)

Youi— Y/a,,t—l = Y1 — }N/E;,tfl -1 (Wa,t — Tyt + Aa,t — Aa,t—l — Ab,t + Ab,tﬂ) . 8)

)

It is possible to show that, defining inflation in sector j = a, b at time ¢ as 7;; and
Tit = (150 +1/6;) /(1 —1/6;), the optimal price setting equation (5) implies equation

®Superscript f implies the variable represents the flexible price value of the variable.
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(9), a sectoral version of the standard New Keynesian Phillips curve (NKPC).”

(1- 5#;‘)(1 - Mj)

1\ -~ 1~
it = By (Tjp41) + <<<P +o— 77) Y + 5161‘ + Tj,t) +uje,  9)

Hj
where
f/t = Wffa,t + (1 — W)Y/b,ta (10)
T = wigy + (1 —w)mpy. (11)

The NKPC includes an exogenous term, u; ;, which is a sector specific version of the stan-
dard cost push shock. This could arise, for example, through a shock to 6;, the elasticity
of substitution within a sector.

2.5. Welfare

The private sector equilibrium for given interest and tax rates is described by equations
(6), (8), (9), (10) and (11). Government chooses monetary and tax policy to maximise
welfare subject to these constraints. Net revenue from payroll taxes and subsidies is
spent on or financed by lump sum transfers from households. The payroll taxes have
two purposes, firstly, with flexible prices they are used to offset market power to ensure
an efficient level of output (7; = —1/6;), and secondly they can be varied in response
to shocks that hit the economy to offset price stickiness. It is possible to show that, to a
second order approximation around the flexible price level, welfare (equation 1) is given
by’

Wy _ S s—t 1/)5 3
cio Et{;ﬁ C’lo’} +O(||a|] ) ; (12)
29, ~ 1—w 1\ -~
7Ci7bjg = %Ya%s + wi/b?s + <U + Y — 77) }/;2 + Xawwi,s + Xb (1 - w) 7712,5' (13)

where x; = 0;41;/[(1 — p;) (1 = Bu;)).
Households are concerned about inflation since, with sticky prices, changes in the
price level imply an inefficient use of labour. This follows as an approximation of output

7 Available on request from the authors
8From now on when we refer to tax rate we mean 7.
? Also available on request from the authors.
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in sector j is given by

T (14)
’u750

Therefore, the weight in the welfare function of inflation in a sector depends upon both
the sector’s weight in aggregate output and the degree to which the price change causes
inefficiency, i.e. the degree of price rigidity in the sector. For this reason the weight on
each sectorial inflation term is higher the greater the price rigidity in that sector.!

Alternatively, the welfare function can be rewritten in aggregate and relative terms
as

29,
B lea

(0 +¢) Y2+ (wxo + (L—w)xp) 7
U5 (1 - w) (1 - w) xa + ) 7

2w (1 = w) (Xo = Xp) TsTa—b,s,

where z,_p s = 24,5 — 2p,5. Thus, as in the standard New-Keynesian model, consumers’
welfare depends on the volatility of aggregate inflation and aggregate output. But in a
two sector model, welfare is also affected by the volatility of the relative output gap, rela-
tive inflation and the covariance between relative and aggregate inflation. It is now clear
that both relative prices and relative quantities matter for welfare and that, since they are
linked through the relative demand condition (equation 8), they are jointly determined.
The extent to which households are concerned about the covariance term depends on the
degree to which the relationship between output and inflation through the NKPC differs
across sectors (given by x,). The more similar the sectors, the more indifferent house-
holds are about the covariance between aggregate and relative inflation. This is because
the more similar the sectors, the better the weight in aggregate output (given by w) repre-
sents the welfare weight placed on sectoral inflation and the less likely governments are
to trade-off higher aggregate inflation for lower inflation in a sector with greater price
stickiness.

For a symmetric case (u; = p and 0; = 0) the covariance between relative and ag-
gregate inflation becomes irrelevant. In this case it can be shown that relative inflation is

determined solely by past and future expected productivities, taxes and cost push shocks

Ta—bt = Zﬂi (ft—z‘ - gt—l—i) ’

1=0

°As mentioned in the introduction, Aoki (2001) shows a similar result for an economy with a flexible
price and a sticky price sector and Benigno (2004) for a currency union.
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where
6= 5 (8 Br {1 s — unend — (1= ) (1= 8) [ (Augrs = Apiss) — (Fatsi = Toss)] .
=0

Therefore, in the symmetric case, the variance of relative inflation and the relative output
gap is determined independently of monetary policy. Since relative inflation and the
relative output gap matter for welfare, it follows that policy tools that can affect these
variables can generate an improvement in the household’s welfare.

More generally, in the standard New Keynesian model governments have two ob-
jectives, zero aggregate inflation and zero aggregate output gap, output matters because
it affects both consumption and labour, while prices matter because they affect the effi-
ciency with which labour is used, and so the relationship between labour and output.
In this framework governments have two additional objectives, stabilizing the relative
output gap and relative prices. In a two sector model inefficiencies arise through both
the inefficient allocation across sectors and through the inefficient allocation of resources
within sectors. The next section shows that there are welfare gains from sectoral policy
tools (payroll taxes) that enable governments to target relative prices and output, and
under which conditions these welfare gains are likely to be large.

3. Optimal policy

Governments have two types of policy tools, a nominal interest rate that affects demand
through the IS curve and payroll taxes or subsidies that affect firms’ costs and so their
price setting and output decisions. Sectoral policy tools imply that the sectoral NKPCs
of equation (9) do not bind, so there is no need for commitment. Without sectoral tools
(either 7y = Ty = Tq OF Tpy = Tar = 0) results are qualitatively similar under either
discretion or commitment to a rule. The key difference is that there is a welfare gain
in going from policy under discretion to policy under commitment. Under discretion,
using aggregate tax and monetary policy to respond to productivity shocks is inferior
to using monetary policy alone. This is because, under discretion, aggregate taxes are
set without taking into account their effect on inflation expectations, and so, as with
monetary policy, there is a gain to comitment. With sectoral policy there is no difference
between policy under discretion and policy with comitment. Simulations reveal that the
gains from commitment are small compared to the welfare gains from adopting sectoral
policy (see Table 1). Therefore, we assume that governments are unable to commit to
a policy rule and so seek to maximise welfare as given by equation (13) subject to the
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sectoral NKPCs of equation (9) and the relative demand constraint given by equation (8).

3.1. Common tax policy

If government is unable to vary payroll taxes across sectors (7; = Tp ¢ = Tq4,) then optimal
policy is to set payroll taxes and nominal interest rates such that

0= wf’w -+ (1 — CU) f/;)’t, (15)
- 0;
Z W ()/jvt + ejﬂ'j,t) 1+ Xi = BE; Z wj9j7j7t+lr (16)
j:a,b J j:avb

where w, = wand wp, = 1 —w. If 1, = 1, equation (16) becomes (1 — @) Oy s + WOy =
0.Therefore, the government ensures that aggregate output is always at the flexible price
level. If the sectors are symmetric then stabilising the aggregate output gap also sta-
bilises aggregate prices, but not otherwise. The intertemporal nature of the optimal pol-
icy comes from the relative demand condition (8). This implies that relative sectoral infla-
tion depends on the change in the relative output gap compared to the previous period,
and so when deciding on the inflation-output trade-off this period the effects on next
period’s relative demand will be taken into account. This is different from the intertem-
poral nature of the NKPC as the latter is forward looking rather than backward looking
and so depends on expectations rather than actual realizations. The optimal equilibrium
without sectoral taxes is defined by equations (6, 8, 9, 10, 11, 16 and 15).

The welfare loss comes about despite achieving the flexible price level of aggregate
output because government is unable to ensure that output is produced efficiently. Price
rigidities imply that output at the firm level is different from the flexible price level for
some firms and so firms produce too much or too little compared to the flexible price
level. Thus sticky prices imply that an inefficient amount of labour is used to achieve the
flexible price level of output, and welfare is lower than with flexible prices.

With symmetry across sectors, optimal policy is given by

it:olif_ (B Avii} - Ad) ~ g, (17)

L Witgt + (1 — w)up
(1= Buy) (1 — pp)

So with symmetric sectors, taxes can be chosen to offset any aggregate cost push shock

. (18)

Ty =

(where uq; = uyp,) leaving no effect on aggregate or sectoral prices and output. Aggre-
gate productivity shocks (where Aj; = A, ;) lead, with symmetric sectors, to changes in
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the nominal interest rate to ensure that output is at the flexible price level. The mecha-
nism at work is that changes to the nominal interest rate affect current consumption. This
affects the labour supply decision, in turn inducing changes in output. With a positive
aggregate productivity shock, under flexible prices, prices fall to increase consumption
and hours worked, while with price rigidities, government lowers interest rates to in-
crease consumption and hours worked. Relative prices are constant in the event of an
aggregate productivity shock because sectors are affected equally while aggregate prices
are kept constant because higher demand pushes up wages, offsetting the downward
pressure on prices from higher productivity.

Symmetry across sectors implies that both sectors respond in similar ways to a change
in aggregate policy, and so aggregate policy is powerless to address sectoral shocks that
offset each other (ie. wu,; + (1 — w)upy = 0 or A, = 0). Sector specific shocks that
do not offset each other lead aggregate policy to stabilise the aggregate output gap with
respect to the flexible price level and to stabilise aggregate prices. This would occur at
the expense of being unable to affect relative prices and output, which have both been
shown to matter for welfare, meaning a policy tool that could target relative prices could
be welfare improving.

Without symmetry across sectors, aggregate policy tools are able to target relative
prices because the sectors will respond in different ways to a given policy. Governments
still seek to stabilise the aggregate output gap (equation 15). However, they now care
about the source of shocks, not just the aggregate effect, with the optimal trade-off given
by equation (16). As might be expected it places more weight on stabilisation in sec-
tors with more weight in the welfare function, with a higher degree of price stickiness
(higher 1) or a larger elasticity of substitution (f). The objective is no longer to stabilise
aggregate prices because extra weight above that in output is now placed on stabilising
sectors with a higher degree of price stickiness or elasticity of substitution. Therefore,
with asymmetric sectors, nominal interest and aggregate tax rates both respond to sector
specific productivity and cost push shocks. This contrasts with the symmetric case where
nominal interest rates respond only to aggregate productivity shocks and aggregate tax

rates respond only to aggregate cost push shocks.
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3.2. Sector specific tax policy

If government is able to vary payroll taxes across sectors then optimal policy is to set
payroll taxes and nominal interest rates such that equation (15) as well as'!

?a,t = Xo (Tat — BE:ATa41}), (19)

Xa@Tat + Xp (1 — @) mpe = 0. (20)

Once again the government ensures that output is always at the flexible price level and, if
the sectors are symmetric, then stabilising the aggregate output gap also stabilises aggre-
gate prices, but not otherwise. As with aggregate taxes, the relative demand condition
(equation 8) implies an intertemporal element to the optimal trade off. Aside from the
intertemporal element, sectoral policy is very similar to aggregate policy in a one sector
model (see Gali 2008 for example). The optimal equilibrium with sectoral taxes is defined
by equations (6, 9, 8, 10, 11, 15, 19 and 20).

The difference with sectoral policy is that government is now able to trade off infla-
tion and output at a sectoral level rather than at some composite aggregate level. Thus
both sectoral cost push shocks and aggregate cost push shocks with asymmetric sectors
can now be offset by sectoral tax changes without them affecting sectoral prices or out-
put. This is in contrast to the case without sectoral policy where cost push shocks could
only be offset if the sectors were symmetric and were hit by the same shock. If only one
sector is hit by a productivity shock then through the relative demand condition, equa-
tion (8), there are implications for output and prices in the other sector. Thus sectoral
taxes respond to cost push shocks in their sectors and productivity shocks anywhere in
the economy. Nominal interest rates continue to respond to changes in aggregate pro-
ductivity and prices. As with aggregate taxes, if the sectors are symmetric stabilising the
aggregate output gap also stabilises aggregate prices, but not otherwise.

Productivity shocks cause two types of inefficiency. Firstly, some firms within a sector
are unable to adjust their prices and so resources are inefficiently employed within a sec-
tor (equation 14). At the same time price rigidities make it unlikely that relative sectoral
prices adjust appropriately, and so resources are then deployed suboptimally across sec-
tors (equation 8). Sectoral policy tools enable government to target sectoral prices, and
they can do so either to stabilise prices within a sector at the steady state level or to target
relative sectoral prices at the flexible price level. The former implies that resources are

allocated efficiently within the sector but that output in the sector deviates from the flex-

"These equations hold under both commitment and discretionary policy, so that with sectoral policy
commitment ceases to be important,
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ible price level (equation 8 implies that, if prices are constant, then productivity shocks
lead to output gaps). Targeting relative prices implies that resources are allocated ef-
ficiently across sectors, but the required change in prices leads to the inefficient use of
labour within a sector (equation 14).

To achieve the flexible price level of relative sectoral prices the firms that can adjust
their prices should be induced to do so by more than they would under flexible prices
to offset the effect of firms that are unable to adjust their prices. Relative sectoral prices
under flexible prices are given by P(ﬁ Aat = ijj +Ap so that a positive relative produc-
tivity shock to sector a would lead to lower relative sectoral prices in that sector. Thus
achieving the flexible price level of relative prices implies tax cuts in sectors with high
productivity, while achieving stable sectoral prices implies tax rises in sectors with high
productivity in order to limit price changes. Therefore government cannot simultane-
ously use sectoral taxes to achieve both the efficient allocation within sectors and the
efficient allocation across sectors. Which it prefers to pursue determines whether taxes
in a given sector rise or fall in response to a positive productivity shock in that sector.

It is possible to use equations (15 and 19) in the NKPCs (equation 9) to show that
0j —n v Xj

J
it — Ujt- (21)
77(9j J 9]' J

Tjt=—

Therefore, assuming no cost push shock, if output in a given sector is below the flexible
price level then, for plausible parameterisations, taxes in that sector are above the steady
state level. This implies that, in the event of productivity shocks alone, sectoral pol-
icy tends to stabilise prices within a sector, ensuring the efficient allocation of resources
within a sector rather than across sectors. Thus, with nominal rigidities, the impact of
sectoral productivity booms is optimally reduced by sectoral policy below what it would
be both without sectoral policy and without price rigidities. The lower the degree of sub-
stitution across sectors relative to within sectors (1 — ), the more likely government is to
focus on efficiency within a sector since there is less to be gained from reallocating labour
across sectors. Equation (21) also implies that sectoral taxes, unlike aggregate taxes, re-
spond to both cost push and productivity shocks regardless of whether the sectors are
symmetric.

It follows that sectoral policy is welfare improving when either there are sector spe-
cific shocks or there are asymmetries between sectors that mean the sectors respond dif-
ferently to either common shocks or to common policies. The question is whether the
welfare gain is significant, and this is the subject of the next section where the model is
calibrated and the welfare implications are quantified.
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4. Quantifying the effect

This section calibrates the model to study significance of welfare gains from sectoral
policy and the variation in sectoral taxes required to achieve them. It is assumed that
sectoral productivities and cost push shocks follow a zero mean first order autoregres-
sive process with sector specific autoregressive coefficients (p 4, § pa, and p, § Puy)-
The economy is assumed to start in steady state and then be hit by one of four sets of dis-
turbances: (i) cost push shock in sector a (g, + = 0.01); (ii) opposing sectoral cost push
shocks (ey,+ = 0.01 and €, ; = —0.01); (iii) productivity shock to sector a (¢4, = 0.05);
(iv) opposing sectoral productivity shocks (4, = 0.05 and €4, ; = —0.05). In all of the
cases €y, t, and €4, ¢ are exogenous i.i.d. shocks, and unless specified €, +, and €4, ; are

Zero.

4.1. Symmetric sectors

We take what might be thought of as a fairly standard baseline calibration where 3 =
0.99, which implies a steady state annual real return on financial assets of about four
percent. We also assume o = 1 giving an intertemporal elasticity of substitution of 1,
and ¢ = 1 (a unitary Frisch elasticity of labour supply), values commonly found in the
business cycle literature. In addition we assume y;, = p, = 0.66, which implies an
average price duration of three quarters, a value consistent with the empirical evidence.
The elasticity of substitution within a sector is set to give a mark up of 20%, so that
0, = 0, = 6, and the elasticity of substitution across sectors, 7, is arbitrarily set at 0.5. It
is assumed that the sectors carry equal weight and so w = 0.5, and shocks have equal
persistence p,. = p, = 0.9.

This implies that the sectors are symmetric, so that both the aggregate output gap
relative to the flexible price level and prices relative to the steady state are stabilised. Ag-
gregate shocks are then offset by the aggregate policy tools without the need for sectoral
policy tools and it is only sector specific shocks that generate trade-offs. Equations (17)
and (18) show that, without sectoral taxes, symmetry across sectors implies that offset-
ting shocks lead to no policy changes, while aggregate taxes respond to sector specific
cost push shocks and nominal interest rates respond to productivity shocks. Sectoral
taxes can entirely offset sectoral cost push shocks, and so, with sectoral policy, cost push
shocks have no welfare implications.'? Therfore, with sectoral policy tools, equations (9),

(15), (6) and (21) imply that nominal interest rates change only in response to changes in

2Not surprisingly if these cost push shocks come from shocks to the elasticity of substitution within a
sector.
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aggregate productivity (A;), while sectoral taxes change in response to both changes in
relative sectoral productivity and sector specific cost push shocks.

Figure 2 illustrates the response of the economy to a cost push shock to sector a alone,
both with and without sectoral policy. In both policy environments the aggregate output
gap and aggregate prices are constant. With sectoral policy, taxes in sector a are reduced
and taxes in sector b remain constant. Therefore, with sectoral policy there are no implica-
tions for sectoral output, prices or aggregate welfare from the shock. However, without
sectoral policy, government’s best response is to reduce the common tax rate to approxi-
mately the average of the tax rates with sectoral policy. The lack of sectoral policy implies
that the cost push shock to sector a has implications for relative prices and the distribu-
tion of output and therefore for welfare. Thus sectoral policy is welfare improving in the
event of sector specific shocks with symmetric sectors.

The case of offsetting cost push shocks is illustrated in Figure 3. Again, symmetry im-
plies that aggregate prices and aggregate output are kept constant, while sectoral policy
enables both sectoral taxes to completely offset the effect of the shocks. Without sectoral
policy neither nominal interest rates nor the aggregate payroll tax respond and again
relative sectoral prices and output deviate from their flexible price levels and there is a
welfare loss from the shock, so again, welfare is improved by sectoral policy.

A more interesting case occurs when the economy is hit by productivity shocks. In
the case of a productivity shock to sector a alone, aggregate prices and the aggregate out-
put gap are unchanged, while equation (6) implies that nominal interest rates respond
similarly with and without sectoral policy. Equation (18) shows that, without sectoral
policy, payroll taxes remain constant. Therefore, without sectoral policy, in sector a rela-
tive prices fall and relative output rises, but neither changes by as much as with flexible
prices. With sectoral policy, equation (21) with the given parameterisation implies that
taxes rise in sector a and fall in sector b. Thus, the effect of higher productivity on prices
and output is offset by sectoral policy and both prices and output remain closer to their
steady state level. Optimal sectoral policy then inhibits the economy moving away from
the steady state level of sectoral output and prices and so increases the divergence from
the flexible price equilibrium. These results also hold for offsetting productivity shocks
with symmetric sectors, although in this case nominal interest rates are constant, so only
sectoral policy tools are used (if they are available).

4.2. Asymmetric sectors

To see the effect of asymmetries between sectors the same exercise is undertaken with
differing price rigidities at the sectoral level. It is now assumed that sector b has lower
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price flexibility, with an average price duration of five quarters, so that y, = 0.8, all the
other parameters are left unchanged from the baseline. The effect of asymmetric sectors
is that nominal interest rates and a common tax rate can affect relative prices. Therefore,
both nominal interest rates and tax rates tend to change in response to both sector spe-
cific and aggregate shocks, unlike with symmetric sectors, where nominal interest rates
respond only to aggregate productivity shocks.

With asymmetric sectors, policy does not ensure that aggregate prices are stable, as
the weighting of sectoral inflation in the welfare function depends partly on the weight
of the sector in output and partly on the degree of price stickiness of the sector. There-
fore, as Figure 4 shows, without sectoral policy nominal interest rates respond to a cost
push shock to sector a. The cost push shock can only be entirely offset by sectoral taxes,
so without these taxes government has to decide how much to stabilise sector a at the
expense of destabilising sector b. The trade-off depends on the weight of the two sec-
tors in output and the relative price rigidity of the two sectors. The shock will thus
have aggregate effects if there are no sectoral taxes, and in this case the nominal interest
rate responds to these aggregate effects to stabilise aggregate output at the flexible price
level. With sectoral taxes cost push shocks are completely offset with no effects on either
sectoral or aggregate inflation rates or output gaps. Asymmetries imply that, without
sectoral policy, both nominal interest rates and the aggregate tax rate should respond to
a sector specific cost push shock rather than just the aggregate tax rate as occurs with
symmetry.

As might be expected from equation (9), with asymmetric sectors, opposing cost push
shocks are no longer offsetting and so there is a role for both nominal interest rates and
aggregate tax rates, unlike with symmetric sectors. Differing price rigidities implies that
a common tax rate has different effects in each sector, and so the optimal rate is not zero,
even if the shock is sector specific. Therefore, while sectoral policy remains valuable in
the event of opposing cost push shocks and asymmetric sectors, if sectoral policy is not
available then aggregate policy is also now valuable, because the asymmetries mean it
can affect relative prices.

Both aggregate and sectoral tax rates change in response to sector specific produc-
tivity shocks, unlike with symmetric sectors, due to their ability to affect relative prices.
Sectoral policy tends to react similarly as in the case of symmetric sectors. Differences in
optimal policy with and without sectoral taxes imply differences in aggregate inflation,
and so nominal interest rates are adjusted differently with and without sectoral policy,
unlike with symmetric sectors. This is shown in Figure 5. Varying the calibration shows

that the larger the asymmetries across sectors, the larger the deviations in nominal inter-
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est rates between the two policy regimes.

4.3. Welfare

The previous sections have shown that sectoral policy is useful either if there are sector
specific shocks, or if there are asymmetric responses to common shocks. The question
remains as to whether this is quantitatively important, and this is something that can be
readily demonstrated for our calibrated model. Table 1 provides the present discounted
value of utility (U;/C'~9) with optimal policy, for monetary policy only (T, = 7o =
0), without sectoral policy (7,: = Tp:) and with sectoral policy and does so with and
without symmetric sectors.

As we have shown, with symmetric sectors, aggregate taxes do not respond to pro-
ductivity shocks or offsetting cost push shocks. We have also demonstrated that sectoral
cost push shocks can be entirely offset by sectoral policy both with and without sym-
metric sectors. The table shows that the welfare loss from sectoral shocks is significantly
greater with asymmetric sectors unless government employs sectoral policy. The final
row reports the effect on welfare of the shocks with asymmetric sectors and no sectoral
policy under commitment.! It shows that the welfare gain from being able to commit to
a monetary policy is significantly smaller than the welfare gain from adopting sectoral
policy.! Interestingly, welfare without sectoral policy would be improved by constrain-
ing the tax rate not to respond to productivity shocks. This is because, under discretion
we do not take into account the effect of taxes on expected inflation leading to a gain from
commitment which is particularly important when productivity shocks hit an economy
with asymmetric sectors.

Therefore, a significant part of the welfare cost of nominal rigidities can be eliminated
by the correct use of sectoral policy and this is particularly true when either the sectors
are asymmetric and the economy is susceptible to cost push shocks, or when sectors are

vulnerable to different productivity shocks.'

BWith symmetric sectors policy under commitment and discretion is equivalent, namely to stabilise ag-
gregate inflation and output.

“Simulations show that there is a welfare gain in going from sectoral policy under discretion to sectoral
policy under commitment, but that this is small compared to the welfare gain from adopting sectoral policy.

Changing our calibration so that w = 0.3 implies that the welfare gain from adopting sectoral policy is
lower, but it remains large relative to the gains from commitment.
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5. Conclusion

We have shown that, to a second order approximation, welfare depends on square devi-
ations of all the sectoral inflations and sectoral output gaps. The weight on each sectorial
inflation quadratic term is higher the greater the price rigidity in that sector. In addi-
tion, the relationship between sectoral inflation and the sectoral output gap depends on
the degree of price rigidity through the NKPC. These imply that the monetary policy
response to shocks should depend on the origins of the shock if there are sectoral differ-
ences.

Secondly, we showed that welfare can be improved by not just letting monetary pol-
icy respond to the origins of shocks, but also by utilising tools, such as payroll taxes, that
can be varied at a sectoral level. For instance, a temporary sector specific productivity
improvement requires higher taxes in the sector in order to reduce inefficiencies from
price stickiness within the sector. These taxes would tend to reduce the rise in output in
the sector. Quantitatively, sectoral policy can significantly reduce the welfare loss from
price rigidities.

Finally, if sectoral policy is not adopted, then commitment in tax policy is important
in similar ways and for similar reasons to commitment in monetary policy. With sectoral
policy commitment for tax and monetary policies ceases to be important.

There are a number of potential extensions to the basic framework used here. The
first is to examine optimal policy under commitment. The second would be to extend
the model to incorporate fundamentally different sectors such as tradeables and non-
tradeables, consumption and investment, or durables and non-durables. The first of
these would be particularly interesting in a currency union, where other trade-offs also

exist (see Galstyan and Wycherley 2012).
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Table 1: U;/C*~7 for optimal policy with and without sectoral variation in payroll taxes

Shocki Shockii Shockiii Shock iv
symmetric | MP only -0.352  -0.883 -0.145 -0.581
sectors No SP -0.221 -0.883 -0.145 -0.581
SP 0 0 -0.055 -0.219
asymmetric | MP only -0.348  -5.996 -0.158 -0.631
sectors No SP —0.245 -4.810 -0.162 -0.649
SP 0 0 -0.059 -0.238
No SP under commitment || -0.223 -4.384 -0.154 -0.616

Shock i: cost push shock to sector a only ¢, ; = 0.01

Shock ii: offsetting cost push shocks ¢, ; = 0.01 and ¢, ; = —0.01
Shock iii: productivity shock to sector a only €4, + = 0.05

Shock iv: offsetting productivity shocks €4, + = 0.05 and €4, ; = —0.05

Note: With asymmetric sectors and an inability to commit to a policy rule, the policy response to
productivity shocks with aggregate taxes produces lower welfare than if taxes were constrained
to zero. This is because government does not take into account the effect that exploiting the ability
to affect relative prices has on expectations of future inflation.
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Figure 1: Inflation and output gaps
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Note: Authors’ calculations based on EU KLEMS. Services are composed of wholesale and retail
trade, hotels and restaurants, transport and storage and communication, education, health and
social work. Output gap is measured as the log deviation of actual output from Hodrick-Prescott
trend. Average variables are constructed by weighting sectors with weights averaged over 1990-
2007.
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Figure 2: Response to cost push shock in sector a with symmetric sectors
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Figure 3: Response to offsetting cost push shocks with symmetric sectors
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Figure 4: Response to cost push shock in sector a with asymmetric sectors
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Figure 5: Response to productivity shock in sector a with asymmetric sectors
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